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Abstract

After a two week field study in England on the coastal geology, various areas were identified as landslide regions thus changing the landscape and creating hazards for individuals in towns along the coast. Due to the limited accessibility of data in the UK, the project extent has changed from the coast of England to regions within the Puget Sound. These areas are important to stabilize for both human and environmental protection. The exposure from landslides can be detrimental to those who live in the local area and beneficial for scientists interested in this landscape.  By exploring the prior landslide locations, soil taxonomy, elevation and impervious surface predictions can be made for future risks of landslides along the coast around the Puget Sound by mapping regions that are geologically susceptible. This landslide hazard mapping will provide visualization along the Key Peninsula and Gig Harbor area, showing the significance between areas that have previously been impacted by landslides given the geology and prior stability of coastal slopes.  The data that is presented in the analysis of susceptible landslide regions is slope stability, soils, impervious surfaces, elevation, and shoreline environment. By classifying secondary data, then overlaying the data and using raster calculator, the final product will illustrate the cartographic display of these susceptible regions in relation to the shoreline environment. In discussing the mapped results, the significance of hazard mapping will be analyzed and acknowledgement of any limitations within the process, such as other potential factors and local knowledge, will be considered.   

Introduction 

After looking at various landslide hazard mapping concepts and the data that is accessible for the region identified, the process looked at the susceptibility of landslides utilizing impervious surface, soil taxonomy, slope stability, elevation and the shoreline environment. The initial research was to explore bedrock in England, since the geology in the Puget Sound region has layers of bedrock underlying the surficial soil and has mostly gone through the glacial depositional process it is pertinent to look at local soil instead of bedrock for this project. This is significant in looking at the soil permeability which suggests how the various grain or particle size and shape and taxonomy, has an effect on slope instability. Unlike previous case studies that compare existing landslides to the results that have been concluded in the study’s results, this study factors in those regions that have been categorized as unstable and have previously have had slope failure are significant (Oh, 2008 p. 641). As for another example, Bevan and Connolly looked at the pattern of archeological aspects to the modern landscape on the Island of Kythera, Greece (p. 123). In the case study geomorphic data was quantified to relate the two subjects to both the cultural and environmental variables (Bevan, 2004 p. 132). This is a similar process to the study at hand yet looking at specific soil type and permeability rather than specifically archeological sites. Other models that it look closer at soil type, such as a case study in Japan, only identify with three general soil characteristics, those being related to the depositional process not necessarily the specific soil taxa (Dahal, 2007 p. 311). 
Methods


ArcGIS 9.2 was used for this project to map susceptible landslide areas relative to shoreline environments. Within this process a variety of tools were used from the Analysis, Data Management, Spatial Analysis, and Conversion toolboxes within ArcMap and ArcCatalog. The layers used in displaying the regions that are vulnerable to landslides along the shoreline of the Puget Sound, specifically in the Gig Harbor-Key Peninsula area, were elevation, impervious surface, soil types, slope stability, and shoreline environments. In ArcCatalog a geodatabase and personal dataset were created to set the projections for the raster and vector datasets. After setting to NAD 83 Harn State Plane, the geodatabase then was imported into ArcMap. The first step to this process was to create a basemap of the region that will be specifically analyzed. Since there was a lack of consistency in the Tacoma city limits on complete data provided, the Gig Harbor-Key Peninsula area became the main point of focus. In using the Pierce County basemap from WAGDA, and selecting by location tool the set boundary was determined, which enables the clip and mask tools to be utilized without exceeding the necessary parameters. The shoreline environments dataset identified which areas along the coast are urban, rural, rural residential, and natural. This layer will be used during analysis by creating a quarter mile buffer from the polyline after it has been clipped to the extent of the Gig Harbor-Key Peninsula region and used in the final layout. Starting with the four factors identified which were impervious surface and elevation in raster format, along with soil and slope stability as vectors that needed to be converted using the conversion tool, feature to raster. The raster layers need to be created for slope stability and soil data classification after classifying the data on a scale of one to five was established upon characteristics described.  In this scale of susceptible landslide regions, “1” determines that there is no significance to the area to level “5” which is highly relative; subsequently low, moderate and moderately high are levels “2,” “3,”and “4” (see Table 1).  The soil dataset went through various forms of redefining the attributes to determine levels of susceptibility. Initially the categories were labeled with location and slope intact, to simplify them for classifications purposes, a field was added and the general soil description was added. The permeability of the soil relates to the percentages, seen in Chart 1 from the USDA, of sand, silt, and clay present. The larger the grain size the less permeable the soil will be, which inevitably allows less water to drain through thus leading to slope failure. As for soil types classified under different names other than those present within loams, such as Aquic Xerofluvents, Hydraquents, Muck, Xerocherpts and Xerothents, the Agriculture Handbook from USDA identified soil characteristics and depositional environments related to the soil permeability (see Table 2). After these two layers were classified and converted into raster format the spatial analysis tool was used. The formula used within the raster calculator was: 
([elevation*.30]+[soil*.25]+[slope_stablity*.25]+[imp_surface*.20])
After creating calculated layer with the fours rasterized factors, the shoreline environment was activated and symbology changed to make the buffer transparent on to the map. In the layout frame scale, legends, titles and north arrows were added to each desired map before exporting as an .AI, adaptable for Adobe Illustrator, in which more editing was completed.  
Results
The outcomes of the maps created with the use of GIS show that the variables present along the shoreline of the mapped region that are most susceptible, classified on the scale of 1-5, were less permeable soils, unstable slopes, at high levels of elevation and impervious surface. The soils that were classified as moderately-high and high in susceptibility were Aquic Xerofluvents, Complex, Muck, Silt, Silty Loam, Silty Clay Loam, Xerocherpts and Xerothents which all have poor drainage and/or fine particle size allowing less water to flow freely (Table 2). The slopes that were classified as a high level of susceptibility were marked as unstable, unstable due to an old slide, and unstable due to a new slide (Figure 2). Both of the raster datasets, impervious surface and elevation are represented in red classifying the higher levels of vulnerability (see Figure 4 and 5). 

Table 1: Quantified Level of Slope Stability on a Scale of 1-5

	Slope Stability
	Enclosed Water
	Interior
	Intermediate Slope
	Modified
	Stable
	Unstable
	Unstable Old Slide
	Unstable New Slide

	Level of Susceptibility
	1
	1
	3
	4
	2
	5
	5
	5


Table 2: Types of Soil Taxonomy and Level of Susceptibility on a Scale of 1-5

	Soil Type
	Description
	Soil Deposit Environment
	Level of Susceptibility

	Aquic Xerofluvents
	Loamy, fine particles 
	Alluvial
	5

	Coastal Beach
	Rock, Gravel, Sand 
	Coastal
	2

	Complex
	Silt, Clay, Sand
	Glacial
	4

	Gravelly Loam
	Over 50% Gravel with Loam Mixture
	Glacial
	2

	Gravelly Loamy Sand
	Higher Percent of Gravel Loamy Sand Mixture
	Glacial
	2

	Gravelly Sandy Loam
	Higher Percent of Gravel Loamy Sand Mixture
	Glacial
	2

	Hydraquents
	Fine Particles, Loamy 
	Coastal Marsh
	5

	Muck
	Decaying Plants and Animals, various fragment sizes
	Organic Decomposition
	4

	Sandy Loam
	Mostly Sand Composition with loam
	Glacial
	3

	Silt
	Small to fine particles
	Glacial
	4

	Silty Loam
	Mostly Silt with some loam 
	Glacial
	4

	Silty Clay Loam
	Mostly silt and clay 
	Glacial
	5

	Xerocherpts
	Loamy Clay
	Glacial
	5

	Xerothents
	Fine, fragments, particles
	Volcanic
	5

	Loamy Sand
	Loam with Sand 
	Glacial
	3

	Stony Sandy Loam
	Stone and Sand with loam, various particle size
	Glacial
	2

	Other 
	Water or None Labeled Data
	
	1


Chart 1: USDA Classification of soil texture by percentages of sand, silt, and clay present
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Map Outputs:

[image: image2.png]00204

Gig Harbor -

Levels of Suseptible Landslides
and Shoreline Environments.

. High : 48.481

Low: 141082
T N

. R

T Rura Resicental
. o

o0 12




Figure 1: Overall Gig Harbor and Key Peninsula region comparing shoreline environment and four factors of susceptibility
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Figure 2: Prior to conversion of feature to raster, the classes of slope stability on the shorelines
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Figure 3: The types of soil in the Gig Harbor area that show types of permeability before conversion to raster 
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Figure 4: Impervious surface in Gig Harbor, red levels showing the areas of larger impact
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Figure 5: Elevation model of Gig Harbor showing the highest elevation at approximately 130 feet and lowest below sea level
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Figure 6: Gig Harbor shoreline environments, most significantly rural residential and natural in the red, more susceptible areas

Discussion
Since this research specifically identifies with the soil and type of environment in the given area, some data is unspecified, such as land cover that can be a viable part of maintaining slopes along coastal regions. Data such as slope stability, which has classifications of old and new landslides, unstable, stable, and modified and intermediate slope, is assumed to acknowledge the landscape in determining the classifications (see Figure 2). Also, the shoreline environment shows the areas that are natural which would tend to have more vegetation then that of rural, rural residential and urban areas. Contrary to the idea that the presence of human activity has a large role in affecting the shoreline erosion process and slope failure, the shoreline environments show that the rural residential and natural areas along the shore both have areas of landslides. Since the extent is looking at Gig Harbor specifically, the amount of true urban area is very limited and is more present within the interior of the natural landscape. The different surficial soil drainage does not necessarily apply the other soil types that are beneath the uppermost layers which could have more or less permeability. 
Future Studies

Given this process was completed in a less urban area; it would be interesting to apply similar and additional constraints to an area such as Tacoma. Other factors that would be ideal to factor into the raster equation would be soil depth, land cover, seasonal precipitation and potentially parcel data. Each of these applied to the equation would change the formula and percentages that could show a different variance along the shoreline environments. This study could look further at potential outcrops that expose both bedrock and soil to identify the corresponding relationships that may exist.
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