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Statement of Problem

On steep hillsides of many Pacific islands, fine-grained volcanic soils are generally held in place by the binding action of roots, and protected from intense rainfall by canopies that intercept rain.  As forest and shrub communities are converted to grasslands or invasive species, and as grasslands are pressured by wildfires, drought, farming, ranching, and feral grazing, root cohesion and canopy interception may decline. Although we have methods to quantify this binding force at meter-scale, there are currently no methods to assess this force at the landscape scale.
Objectives

Engage in a joint venture between Geologic, Biologic, and Geographic Disciplines to assess the influence of invasive vegetation on rates and processes of erosion in Hawaiian Islands.  We aim to create scaleable models of vegetation root strength using a combination of remote sensing, mapping, and field measurements.  These models could use maps showing the distribution of major plant communities from Biological Resources to predict the spatial variation in root reinforcement.  The mapping would be based on commercial imagery and on four-band multi-spectral images from the Geography Discipline.  Geologic Discipline personnel would measure root reinforcement in endmember vegetation communities using techniques to quantify landslide susceptibility.  This research will improve the USGS capability to assess and mitigate the influence of non-native vegetation on rates and processes of sediment transport in steep, humid landscapes and assist land management decisions and subsequent monitoring efforts.  

Work

Map the distribution of the invasive species and its influence on relative root strength using a combination of image analysis and field studies in addition to assessing the response of native species and communities to management actions.  Regional digital image analysis provides a relatively objective means of mapping vegetation cover over large areas.  This remote sensing would be used to spatially extrapolate the distribution of vegetation determined from plot studies and mapping efforts. The influence of root reinforcement on relative slope stability will be quantified with respect to individual vegetation species and associated communities in order to spatially extrapolate values across the landscape.  We would measure the root area ratio as a proxy for the component of shear strength in the soil attributable to root reinforcement for each species, rooting depths, and proportions of live vs. dead roots for each species.  The field-based measurements of root strength estimates would be used to estimate relative landslide susceptibility using a GIS model and high-resolution topography.  Available LiDAR data will be used to estimate relations between above-ground biomass of vegetation determined from canopy heights and below-ground estimates of root cohesion. 

Strategy


Use existing Ridge-to-Reef project resources and products to leverage a quantitative estimate of root cohesion in the context of landslide susceptibility.  

Relevance and Impact


Deriving a means to quantify root cohesion at the landscape scale pertains to refining our knowledge of geologic hazards, issues of sustainabililty/materials flow in geologic resources, understanding the transition from onshore to offshore, and landscape monitoring efforts.  

Partnerships

Geologic, Biological Resources, and Geographic Discipline personnel will disseminate information to and consult with the Nature Conservancy of Hawai`i, Kamakou Preserve (TNCH), Pu`u Alii Natural Area Reserve (DLNR), Kamehameha Schools, and Kalaupapa National Historical Park (NPS). Additional partners include the US Fish and Wildlife Service, NRCS Soil Mapping Program, Environmental Protection Agency, and US Forest Service.



