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Unit 3.5: Geodetic data techniques for hillslope diffusion in MATLAB–Instructor overview
Assignment design by Ramon Arrowsmith (Arizona State University) 
Modified by Katherine Shervais (UNAVCO), Nathan Niemi (University of Michigan), and Chris Crosby (UNAVCO)
Summary
[bookmark: _GoBack]One additional way to conduct a hillslope diffusion analysis is using MATLAB. Scarps change morphology over time due to erosional processes, so modeling the diffusion of the scarp enlightens us on the deformation history of the fault and the time between the last earthquake and present. Hillslope diffusion analysis only works on transport limited scarp slopes. 
Learning Goals
Learning Outcomes
Students are able to:
· Use existing geodetic survey data set of a fault scarp to analyze basic principles of earthquake faulting and hillslope diffusion processes. 
Teaching Objectives
Facilitate student ability to: 
· Cognitive: Conduct a more complex analysis of a fault scarp history
· Behavioral: Learn how to work with data in multiple software programs for research purposes. 
Context for Use
The content in this optional exercise was designed for upper-level geoscience majors in a field geology course. The material works well for a group of approximately 20 (or fewer) students with an instructor and teaching assistant/s. This content is easily modified to work in a classroom setting as an activity for one lecture (introduction to hillslope diffusion) and one lab period (working in the software) with some out-of-class work. Students will have worked in the program RiScan Pro before this unit if doing TLS surveying and the program Agisoft Photoscan Pro if doing SfM surveying. Student experience in the programs ArcGIS and MATLAB would be helpful, but not required, as students will learn all the skills necessary to complete this unit in the unit. Unit 3.5 works best as a substitute for Part C of the regular Unit 3 student exercise. It covers the same material by with a more sophisticated analysis. 
Description and Teaching Materials
Part 1: RiScan Pro or Agisoft Photoscan Pro
For this exercise, students will need a point cloud of a fault scarp, like the one they collected in Unit 3. Students should use their Data Processing and Exploration Manual  – filtering out points beyond a certain range, and/or vegetation, for example – if this has not been done previously. The point cloud must be georeferenced. Data cleaning is essential, as it reduces the size of the data set. Students should then export the data using the steps provided. 
Part 2: Create DEM 
There are many methods to convert a point cloud to a DEM. We have provided two options, both of which require ArcGIS. The first is using the LASTools ArcToolbox, which is available for download on the Internet and easily integrated into Arc. The other option uses native ArcGIS tools; the process is well documented in a tutorial by David Tewksbury (Hamilton College), and is available from the SERC website: http://serc.carleton.edu/NAGTWorkshops/gis/activities2/48283.html.
Part 3: Generate profiles 
The input for the MATLAB hillslope diffusion script is a profile of the fault scarp in a text file with x (distance) and z (elevation) columns. This is simple to generate in ArcMap. Students should follow the steps in their assignment to create the text file. Have students create more than one profile – some may work better than others, and it is interesting to compare the evolution of the scarp along strike. 
Part 4: Hillslope diffusion analysis 
The provided MATLAB script is a GUI, so it is relatively easy for students to run. After doing the hillslope analysis, students will write up their work. 
Supporting materials: 
· Data Processing and Exploration Manual (one each for TLS and SfM)
Guided workflow for data exploration and interpretation; this also includes data exploration and processing guides for Units 1, 2, and 3
· CloudCompare tutorial 
Guided workflow for working with data sets in the program CloudCompare.
· Assignment packet
Includes assignment sheet 
· Example point clouds and scarp profile text files
If the class does not have access to a scanner, use this data set. This includes the metadata associated with the scan when it was collected. 
· Examples of student work
Includes example field notes (including metadata and sketch from manual) and final write-up
Teaching Notes and Tips
Unlike the other units, this unit is based entirely in a computer lab setting. There is a high chance that students will have difficulty working in the programs ArcGIS and MATLAB if they are inexperienced, so a higher student to instructor ratio will be essential to completing this unit in a reasonable amount of time. In addition, the script “scarpdater_gui.m” is not intuitive, so following each step exactly for Part 4 is important and this should be stressed to the students. 
Assessments
Formative: 
Formative assessment can be done through observations of and discussions with students individually, in pairs, or periodically in the whole group. 
Summative: 
Summative assessment for the unit is based on their final write-up, which includes a section on the survey motivation and design and a section on the recent history of the fault. This assessment has its own rubric. Summative assessment for the module as a whole will be evaluated at the end of the module in Unit 5. If students complete this unit in addition to Unit 1 and the rest of Unit 3, the summative assessment topics “sequence stratigraphy,” “channel sands,” “fault surface,” and “dinosaur footprints” are recommended. 
Resources
Refer to the resources listed in Unit 3. 
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