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                    Abstract
The evaluation of the combined influence of rainfall patterns (in terms of mean intensity and duration) and the geomorphological and mechanical characteristics of hillslopes on their stability conditions is a major goal in the assessment of the shallow landslide triggering processes. Geographic Information Systems (GIS) represent an important tool to develop models that combine hydrological and geomechanical analyses for the evaluation of slope stability, as they allow to combine information concerning rainfall characteristics with topographic and mechanical properties of the slopes over wide areas. In this paper, a GIS-based code is developed to determine physically based intensity/duration rainfall thresholds at the local scale. Given the rainfall duration and the local geometric, hydrological and mechanical characteristics of the slopes, the code evaluates the spatial distribution of the minimum rainfall intensity that triggers shallow landslides and debris flows over a given area. The key feature of the code is the capability of evaluating the time t
                
                  p
                 required to reach the peak pore pressure head on the failure surface and computing the corresponding critical intensity/duration thresholds based on post-event peak pore pressures. The reliability of the model is tested using a set of one-dimensional analyses, comparing the physically based thresholds obtained for three different slopes with some empirical rainfall thresholds. In a log–log scale, the thresholds provided by the model decrease linearly with increased rainfall duration and they are bracketed by the empirical thresholds considered. Finally, an example of application to a study area of the Umbria region in central Italy is presented, describing the capability of the model of providing site-specific thresholds for different rainfall scenarios.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Defining Physically-Based Rainfall Thresholds for Early Warning Systems
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2013
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Physically Based Rainfall Thresholds for Shallow Landslide Initiation at Regional Scales
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2015
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Hybrid stochastic-mechanical modeling of precipitation thresholds of shallow landslide initiation
                                        
                                    

                                    
                                        Article
                                        
                                         16 April 2022
                                    

                                

                                Edoardo Rundeddu, José J. Lizárraga & Giuseppe Buscarnera

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Notes
	
                      http://sici.irpi.cnr.it
                    





References
	Abramson LW, Lee TS, Sharma S, Boyce GM (2002) Slope stability and stabilization methods. Wiley, New York

                    Google Scholar 
                

	Aleotti P (2004) A warning system for rainfall–induced shallow failures. Eng Geol 73(3–4):247–265
Article 
    
                    Google Scholar 
                

	Arattano M, Deganutti AM, Marchi L (1997) Debris flow monitoring activities in an instrumented watershed on the Italian Alps. In: Proceedings of the international conference on Debris–Flow hazards mitigation: mechanics, prediction, and assessment

	Baum RL, Savage WZ, Godt JW (2002) TRIGRS–a Fortran program for transient rainfall infiltration and grid–based regional slope–stability analysis. USGS Open File Report 02–0424, http://pubs.usgs.gov/of/2002/ofr-02-424/
                

	Baum RL, Savage WZ, Godt JW (2008) TRIGRS—a Fortran program for transient rainfall infiltration and grid–based regional slope–stability analysis, version 2.0. USGS Open File Report 08–1159, http://pubs.usgs.gov/of/2008/ofr-08-1159/
                

	Bear J (1972) Dynamics of fluids in porous media. Dover, NY

	Caine N (1980) The rainfall intensity-duration control of shallow landslides and debris flows. Geografiska Annaler 62:23–27
Article 
    
                    Google Scholar 
                

	Cannon SH, Gartner JE (2005) Wildfire–related debris flow from hazards perspective. In: Jacob M, Hungr O (eds) Debris flow hazards and related phenomena. Springer, Berlin, pp 363–385
Chapter 
    
                    Google Scholar 
                

	Centamore E, Ciancetti GF, Deiana G, Dramis F, Marcellini M, Tazioli GS (1981) Indigini idrogeologiche della dorsale umbro–marchigiana. In: Proceedings of the Conference Idrogeologia per lo Sviluppo, Rome, Italy, (in Italian)

	Conversini P, Salciarini D, Felicioni G, Boscherini A (2005) The debris flow hazard in the Lagarelle Creek in the eastern Umbria region, central Italy. Nat Hazards Earth Syst Sci 5:275–283
Article 
    
                    Google Scholar 
                

	Corradini C, Melone F (1988) Spatial distribution of pre–warm front rainfall in the Mediterranean area. Nordic Hydrol 19:53–64

                    Google Scholar 
                

	Crosta G (1998) Regionalization of rainfall thresholds: an aid to landslide hazard evaluation. Environ Geol 35:131–145
Article 
    
                    Google Scholar 
                

	Crosta GB, Frattini P (2001) Rainfall thresholds for triggering soil slips and debris flows. In: Mugnai A, Guzzetti F, Roth G (eds) Mediterranean storms. Proceedings of the 3rd EGS Plinius Conference on Mediterranean Storms, Siena, Italy, pp 463–487

	Di Matteo L, Dragoni W, Latini M, Spinsanti R (2005) Risorse idriche sotterranee e loro gestione: il caso dell’ ATO2 Umbria (Umbria meridionale). Acque Sotterranee pp 96 (in Italian)

	D’Odorico P, Fagherazzi S, Rigon R (2005) Potential for landsliding: dependence on hyetograph characteristics. J Geophys Res 110(F01007):1–10

                    Google Scholar 
                

	Frattini P, Crosta G, Fusi N, Dal Negro P (2004) Shallow landslides in pyroclastic soils: a distributed modelling approach for hazard assessment. Eng Geol 73(3–4):277–295
Article 
    
                    Google Scholar 
                

	Frattini P, Crosta G, Sosio R (2009) Approach for defining thresholds and return periods for rainfall–triggered shallow landslides. Hydrol Process 23:1444–1460
Article 
    
                    Google Scholar 
                

	Giannecchini R (2005) Rainfall triggering soil slips in the southern apuane alps (tuscany, italy). Adv Geosci 2:21–24
Article 
    
                    Google Scholar 
                

	Godt JW, Schultz WH, Baum RL, Savage WZ (2008) Modeling rainfall conditions for shallow landsliding in Seattle, Washington. Rev Eng Geol 20:137–152
Article 
    
                    Google Scholar 
                

	Guzzetti F, Cardinali M (1989) Carta inventario dei fenomeni franosi della regione Umbria e aree limitrofe. Publication CNR GNDCI 204, (in Italian)

	Guzzetti F, Cardinali M (1990) Landslide inventory map of the Umbria region, central Italy. In: Proceedings of 6th ICFL–ALPS 90, Milan, Italy, pp 273–284

	Guzzetti F, Cardinali M (1991) Debris–flow phenomena in the central appenines of Italy. Terra Nova 3:619–627
Article 
    
                    Google Scholar 
                

	Guzzetti F, Peruccacci S, Rossi M, Stark C (2008) The rainfall intensity–duration control of shallow landslides and debris flows: an update. Landslides 5:3–17
Article 
    
                    Google Scholar 
                

	Innes JL (1993) Debris flows. Prog Phys Geogr 7:469–501
Article 
    
                    Google Scholar 
                

	Iverson RM (2000) Landslide triggering by rain infiltration. Water Resour Res 36(7):1897–1910
Article 
    
                    Google Scholar 
                

	Montgomery DR, Dietrich WE (1994) A physically–based model for the topographic control on shallow landsliding. Water Resour Res 30:1153–1171
Article 
    
                    Google Scholar 
                

	Nova R (2010) Soil Mechanics. Wiley–ISTE, London

                    Google Scholar 
                

	Rickenmann D, Zimmermann M (1993) The 1987 debris flows in Switzerland: documentation and analysis. Geomorphology 8:175–189
Article 
    
                    Google Scholar 
                

	Salciarini D, Godt JW, Savage WZ, Conversini P, Baum RL, Michael J (2006) Modeling regional initiation of rainfall–indced shallow landslides in eastern Umbria Region of central Italy. Landslides 3(3):181–194
Article 
    
                    Google Scholar 
                

	Salciarini D, Godt JW, Savage WZ, Baum RL, Conversini P (2007) Modeling the rainfall-induced development of shallow landslides in eastern Umbria, central Italy, using the TRIGRS (Transient Rainfall Infiltration and GRid-based Slope-stability) approach. In: Proceedings of 1st North American Landslide Conference, Vail, Colorado, US

	Salciarini D, Godt JW, Savage WZ, Baum RL, Conversini P (2008) Modeling landslide recurrence in Seattle, Washington, USA. Eng Geol 102:227–237
Article 
    
                    Google Scholar 
                

	Savage WZ, Morissey MM, Baum RL (2000) Geotechnical properties for landslide–prone Seattle–area glacial deposits. USGS Open File Report 00–228

	Savage WZ, Godt JW, Baum RL (2003) A model for spatially and temporally distributed shallow landslide initiation by rainfall infiltration. In: Proceedings of 3rd International conference on debris flow hazards mitigation: mechanics, prediction, and assessment, Davos, Switzerland, pp 179–187

	Schulz WH, Lidke DJ, W GJ (2007) Modeling the spatial distribution of landslide–prone colluvium and shallow groundwater on hillslopes in Seattle, WA. Earth Surf Process Landforms 35. doi:10.1002/esp.1535
                

	Sorbino G, Sica C, Cascini L (2009) Susceptibility analysis of shallow landslides source areas using physically based models. Nat Hazards. doi:10.1007/s11,069-009-9431-y
                

	Torres R, Dietrich WE, Montgomery DS, Anderson SP, Loague K (1998) Unsaturated zone process and the hydrologic response of a steep, unchanneled catchment. Water Resour Res 34:1865–1879
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank Jonathan Godt and Paolo Frattini for their helpful comments and suggestions made on the original manuscript.


Author information
Authors and Affiliations
	Dipartimento di Ingegneria Civile e Ambientale, Università degli Studi di Perugia, via G. Duranti 93, Perugia, Italy
Diana Salciarini, Claudio Tamagnini, Pietro Conversini & Silvia Rapinesi


Authors	Diana SalciariniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Claudio TamagniniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pietro ConversiniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Silvia RapinesiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Diana Salciarini.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Salciarini, D., Tamagnini, C., Conversini, P. et al. Spatially distributed rainfall thresholds for the initiation of shallow landslides.
                    Nat Hazards 61, 229–245 (2012). https://doi.org/10.1007/s11069-011-9739-2
Download citation
	Received: 14 February 2010

	Accepted: 18 January 2011

	Published: 11 March 2011

	Issue Date: March 2012

	DOI: https://doi.org/10.1007/s11069-011-9739-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Rainfall thresholds
	Debris flows and shallow landslides
	Geographic Information Systems
	Physically based models








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.80.103.224
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    