[image: ]
[image: ]Module Assessment: Test Questions
Landslide Analysis Module Assessment: Exam Questions
Bobak Karimi (Wilkes University) and Stephen Hughes (University of Puerto Rico – Mayaguez)
[bookmark: _GoBack]Provided below are suggested test questions for the overall module. Teachers may choose to use all, some, or none of these questions. The questions are provided with module goal alignment in parentheses, and answer key.

1. How can ocean temperature affect landscape change as mass movements, especially in tropical and subtropical regions? (Module Goal 1)
Warmer sea surface temperature promotes tropical cyclone development.  These systems cause high intensity rainfall, which triggers mass wasting in susceptible zones.  

2. How does bedrock composition affect the susceptibility of any given site? (Module Goal 1)
Bedrock units that weather to sandy soils with low-cohesion are most susceptible to rainfall induced slope failure.

3. How can the volume of sediment liberated at landslide sites be calculated using GIS? (Module Goal 1)
If pre- and post-event remote sensing surveys of the site are available, they can be carefully aligned and differenced to reveal volume change.  Datasets can be from airborne LiDAR or photogrammetry (Structure from motion) or terrestrial based LiDAR.

4. Why could it be important to understand the volume of sediment that is transported to fluvial systems from hillslopes during widespread mass wasting events? What negative impacts could this have? (Module Goal 1)
The sediment removed from the hillslopes is destined for the fluvial system.  Large amounts of suspended and bedload sediment affect river water quality and can lead to diminished reservoir space. 







5. The photo below is showing the attempted repairs of a broken aqueduct that delivers potable water to the municipality of Villalba, Puerto Rico. A mass wasting event led to the destruction seen. The local rock type is volcaniclastic sedimentary rocks. Given the situation in a fluvial channel, what type of mass wasting was responsible for this damage? (Module Goal 1)
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Photo taken on October 31, 2017 by Stephen Hughes

This damage was the result of a fast-moving debris flow (note varying sizes of materials caught at the base of the aqueduct) that came from an upslope source area and followed the fluvial channel.







6. The photo below shows a large carbonate boulder on PR-119 in Quebradillas, Puerto Rico after the passing of Hurricane María in September 2017. What is the likely failure mechanism for this type of mass wasting? (Module Goal 1)
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Photo taken on October 13, 2017 by Stephen Hughes

This boulder arrived to its current position as a simple rock fall (gravity driven). Plant roots may have dislodged the boulder from its original intact position/position of rest.

7. How might the rock types and weathering patterns in questions 5 and 6 control the types of mass wasting seen in the previous two photographs? (Module Goal 1)
The carbonate rock is susceptible to dissolution and retains very high slope hillsides in karst regions.  Rock falls are the predominant type of mass wasting in the karst region of Puerto Rico.
Volcanosclastic rocks are likely to chemically weather into clays that can be fluidized for debris flows.



8. Using the LiDAR imagery below, determine the type of slope failures occurring on the slope, providing detail to how you came to your conclusions. Annotate the image below to identify at least 3 different slope failure surface features that indicate the presence of mass movements and aid in identifying the type of movement.
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Students should note the headscarps, internal scarps, toe, flanks, hummocky surface. They are slides.

9. Frequency ratio (F-R) modeling is a simple, empirically based method to identify sites that share a combination of characteristics similar to those that have suffered slope failures. Explain the mathematics and general GIS process associated with this method. (Module Goal 2)
Many answers acceptable. Should include a basic formula of the ratio of failure sites to total study area. Also, that F-R of 0 equals no significance while >1 indicates higher correlation to failure sites and <1 indicates lower correlation to failure sites.

10. What is a susceptibility index (S) and how is it different from F-R (LSI)? (Module Goal 2)
S is the combination or average of the results of factor specific LSI results for a suite of characteristics.

11. What are some characteristics that might be included in a LSI model? For each one, hypothesize what variation in that characteristic may cause a site to be more vulnerable to slope failure. (Module Goal 2)
Slope, Geologic substrate, land use, curvature, etc

12. Generally, the sites with lowest LSI values may be susceptible to what other naturally occurring phenomenon? (Module Goal 2)
Flooding. While not explicitly stated in the Unit 2 material, this question requires critical thought to connect learned knowledge of factors to external topics.

13. How might changing global climate affect the volume of mass wasting and sedimentation globally? (Module Goal 1 and 2)
Potentially more frequent high intensity rainfall events in certain zones on earth may lead to an increased rate of mass wasting. In areas where the climate shifts to less frequent high intensity rainfall events, the opposite may be true.

14. Qualitatively assess the following susceptibility map and determine if the model is usable. To help guide you, the AUC for this model is 0.57. Very High = red, High = orange, Moderate = yellow, Low = light green, Very Low = dark green.
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The model shown is not good. Visually, there is a lot of V. High and Low, but limited, to no intermediary classes. The dense area of landslides along what may be a river is identified as being low and very high, which would indicate the model is not adequate at explaining landslide occurrence. The AUC supports this claim. Additionally the very low portion seems to follow a curve that does not match the topography (stream). This, coupled with the classification, might indicate heavy weighting by low LSI values.
15. Why is the creation of susceptibility maps important for society and planning? (Module Goal 3)
Many acceptable answers here. Most focus should be given to saving lives, economic factors, and hazard mitigation.

16. Hazard Mitigation Plans are generated by local, state, and other governmental/community-centered entities. What purpose do such plans serve, and what are the best practices in developing these plans? (Module Goal 3)
Many acceptable answers here. In addition to commenting on the economic, social, and political advantages of having hazard mitigation plans, students should also discuss the various tasks in developing a hazard mitigation plan according to the FEMA local hazard mitigation planning document.
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