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Statement of Problem/Objectives--The U.S. Geological Survey (USGS) has an opportunity to assume scientific leadership in producing and providing advanced state-of-the-art, yet user friendly, models for landslide hazard assessment.  The USGS Landslide and Volcano Hazards Programs have already spent considerable effort developing physics based models for analyzing landslide initiation, transport, and deposition, all in the context of 3-D topography defined by DEMs.  Results provide a basis for producing detailed, site-specific hazard assessments as well as regional landslide hazard maps.  Immensely useful to a variety of USGS programs, these models can portray regional storm-induced landslide hazards, debris avalanche and lahar flow paths from volcanoes, post-wildfire debris-flow inundation areas, and tsunamigenic submarine landslide sources. 
There is widespread interest among state geological surveys, universities, and consultants in applying USGS landslide models.  Although these research models have been refined and validated in a variety of applications, they have typically been used in a piece-wise, rather than an integrated, manner.  What is lacking to enable widespread use are user-friendly graphical interfaces that modern computer users expect as well as seamless integration of landslide initiation and debris-flow routing models.  By creating an integrated, modular system, the USGS can take a lead role in providing objective, reproducible, credible methods for analyzing landslide initiation and dynamics.  Such a system would also allow more rapid production of USGS hazard assessments.  In some ways, providing this suite of models in user-friendly formats is analogous to the approach used for WRD ground-water flow models (e.g., MODFLOW).

Achieving the Goal/Work Strategy
Short Term:  To achieve an integrated landslide modeling system, we propose a full-time term position (for 2-3 years) dedicated to developing user-friendly graphical interfaces.  We envision that the employee filling this position would be experienced with modern graphical programming languages as well as having some knowledge of physical science (useful for helping to seamlessly integrate physics based models).  The primary duties of this employee would be to develop user-friendly interfaces and couple different landslide process models.  Initially, the employee would focus on coupling two already well used models, SCOOPS (a 3-D geotechnically based slope-stability model) and LAHARZ (a debris-flow inundation model).  Both use a DEM framework, allowing results to be readily displayed in a GIS.  The combined system would enable a user to forecast the location and size of potential landslides and to project expected inundation areas from the resulting avalanches or debris flows.  
Longer Term:  We anticipate that this landslide modeling system would be enhanced to accommodate a variety of processes including transient hydrologic triggering of landslides and complete 3-D debris-flow routing (including flow velocities, runups, impact forces, etc.).  The USGS has already developed research models for these processes.  In addition, the modular structure of the proposed modeling system would allow for easy incorporation of future models aimed at analyzing other landslide processes. 
Relevance and Impact:  In the past 15 years VHP, LHP, and CGMP have invested a lot of manpower and money into excellent models of landslide processes.  This relatively small investment in the next decade could introduce these arcane models to a much broader audience in an integrated and user-friendly manner.  

Partnerships:  GD and WRD hazard programs, consultant community, world-wide landslide researchers.
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Example of coupling landslide models:





Some available USGS landslide models:





3-D slope stability - SCOOPS


1-D transient stability - TRIGRS


3-D full flow routing


Volume/Area inundation - LAHARZ





3-D Initiation Model





Inundation Model





3-D Flow Model








