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1. Introduction
A geomorphometric analysis of Crater Lake, Oregon and Lake Tahoe, California and
Nevada, tested automatic classification of landforms. Landform classification is based
largely on size, shape, orientation, and relief of an area (MacMillan et al. 2007). Also,
since most landforms on earth’s surface depend on adjacent bodies, it is difficult to
separate one landform from another with definitive boundaries.
Cliffs and landslides, however, show a very definite border. We studied the
Chaski landslide in Crater Lake, and the McKinney Bay landslide in Lake Tahoe (Figure
1). Both submarine landslides were both triggered by seismic activity, McKinney Bay
Landslide by an earthquake about 15,000 years ago (Moore et al. 2006) and the Chaski
landslide after failure in the caldera wall about 8,000 years ago (Bacon et al. 1997).
The results reported here represent part of a larger study to investigate differences
between landforms in the two lakes and the surrounding terrain, and to investigate the use
of a suite of geomorphometric terrain parameters for unsupervised terrain classification.

2. Methods
The bathymetric data for the lake basins were acquired from the USGS (Gardner and
Dartnell 2001; USGS 2003). We also acquired DEMs for the land area around each lake
from the National Elevation Dataset (Gesch et al. 2002) (Table 1). Since the lake data had
different spacings, both were re-interpolated to make them comparable to the NED data
with 1/3” spacing. Higher resolution data sets, with smaller data spacing, produce steeper
average slopes and other terrain parameters (Guth, 1995).
Crater Lake
Bathymetry
DEM horizontal
spacing

2x2 m

Crater Lake
NED
1/3”x1/3”
~7.5x10.3 m

Lake Tahoe
Bathymetry
10x10 m

Table 1. Horizontal DEM Resolution.

Lake Tahoe
NED
1/3”x1/3”
~8.0x10.3 m

Figure 1. Crater Lake (A) and Lake Tahoe (B) bathymetry. Submarine landslide areas
outlined in red.
To test the effect of re-interpolating the DEM on terrain statistics, we compared
the 2 m and 1/3 arc second DEMs for Crater Lake (Figure 2). Elevation and slope
distributions are essentially identical, however, the average slope versus elevation graph
show the 1/3 arc second data to have a slightly less steep average slope.
The digital elevation model (DEM) of each lake was analyzed in MICRODEM
(Guth 2007) in blocks of 25 by 25 grid postings, or about 250 m by 250 m. For each
block the program computed 30 parameters. These regions are small enough, and we
compute a sufficient number of them, that they can be considered random sampling areas.
These parameters were then normalized in terms of standard deviations away from the
mean, so that all parameters covered essentially the same range in n-dimensional space
and would contribute equally to the results. An ISODATA algorithm (Edberg 2003)
created clusters.
From the 30 parameters, we selected 17 for detailed analysis. We ran the
ISODATA algorithm for every combination of 5 normalized parameters. Each set of five
parameters were ranked by calculating the percent of landslide points classified in a
single cluster, as well as percent of the cluster that is a part of the landslide. The best
combination for grouping the two landslides were average elevation, elevation relief,
elevation skewness, slope kurtosis, and profile curvature standard deviation. Full
descriptions of all 30 parameters, with references, can be found in MICRODEM’s help
file (Guth 2007).

Figure 2. Effect of re-interpolated the Crater Lake bathymetric model from 2 m to 1/3
arc second.

3. Results
Because of the difficulty in visualizing results in four dimensional space, we created two
dimensional graphs showing the values of each pair of parameters for each analysis
region. The set of graphs (Figure 3) shows each cluster in a different color. Figures 4
shows the major cluster groupings in Crater Lake, and Table 2 shows the statistics for the
clusters. Cluster 2 includes all points in the Chaski landslide, but only about 10% of the
lake bottom points in the class and only about 4% of the points in the class. For Lake
Tahoe, the classification placed 92% of the landslide points in the same cluster.
The method used to classify submarine landslides showed marginal success in
exclusively separating the landslide from other terrain. In both lakes, greater than 90% of
the landslide points were placed together in the same cluster. However, in both cases, the
method also placed many points not in the landslide in the same cluster as the landslide
points.

Figure 3. Two dimensional graphs of parameters for Crater Lake, colored by cluster.

Cluster
n
Landslide Lake Floor Surrounding Land
1
2347
0
21
2321
2
2629
91
848
1781
3
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0
66
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4
1892
0
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5
10
0
4
7
7
5
0
0
5
9
4
0
0
4
11
2
0
2
0
13
1
0
0
1
15
1
0
0
1
Table 2. Cluster composition

Figure 4. Map of Crater Lake color coded by cluster assignment using average elevation,
elevation relief, elevation skewness, slope kurtosis, and profile curvature standard
deviation. Cluster 1 (intermediate slopes) Cluster 2 (flat areas), Cluster 3 (steep
margins), and Cluster 4 (lower slopes). All of the landslide is in cluster 2.

Figure 4. Map of Crater Lake the placement of cluster 2. 100% of the mask area was
placed in cluster 2.

4. Conclusion
Unsupervised classification does a good job categorizing terrain and finds the steep
slopes, gentle lake bottoms, and the transitional areas between them. It does a less good
job segregating the landslides, because the landslide shares many similarities with other
flat areas.
Our approach to clustering, using regional parameters computed over discrete
areas differs from most others. For instance, Bolongaro-Crevanna et al. (2004) used
point classification (peaks, pits, ridges, etc.) to form their clusters. Adediran et al. (2004)
used slope and aspect in multiple directions as input to an ISODATA clustering. Bue and
Stepinski (2006) used elevation, slope, and several drainage-derived statistics to classify
terrain on Mars. Iwahasi and Pike (2007) used slope gradient, local convexity, and
surface texture in an image processing based procedure. Micallef et al. (2007) classified
a submarine landslide using ridge characteristics and moment statistics, but divided the
landslide into different regions rather than differentiating it from adjacent terrain. There
is no agreement on what parameters to use for terrain clustering for classification, or the
procedures to use, and we will continue research on these techniques. Our goal is to
create a system for classifying terrain using an atlas of terrain parameters computed from
the Shuttle Radar Topography Mission, which provides an abundance of possible
combinations.
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