Fuzzy Land Element Classification Using the Methods of Schmidt and Hewitt

An Example

David Howell

October 3, 2007

Jochen Schmidt and Allan Hewitt of New Zealand (Schmidt and Hewitt, 2004) have created ArcInfo scripts (AMLs) that produce a land element classification. The input is elevation data. The output rasters are measures of fuzzy membership in 15 land elements for every cell. The values range from 0 for no membership to 1 for full membership.
There are many output rasters. There is one each for the 15 land elements. There are also aggregations, a combined raster stack, and other measures of the classifications themselves.

The purpose of this short document is to show an example to help visualize how these could be used in a quantitative soil-landscape modeling endeavor or in visual analysis in GIS. The strength of these data is that they are continuous, numerical, explicit, and reproducible. In other words, they are not categorical data and they are not subjectively hand-drawn by each individual depending on their skills, level of detail, or varying criteria.
The land elements are defined by surface slope and shape and adjacent surfaces. The illustration below is taken from their paper and shows all 15 terms.
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forms (Fig. 4, Burrough, 1989). Proposed semantic ation model
import modes for the classification range from simple
lincar to smooth inverse polynomial functions (Bur-
rough, 1989). Here, a simple linear model with two
thresholds was chosen (Fig. 4) as an example, the

‘membership for fatness m(flat) is shown in Eq. (2)
m(fia) =

models by applying a fuzzy classi
(Burrough, 1959). Here, a minimum/maximum las-
sifier was used for AND/OR. commections. As an
example, the caleulations for the membership of peaks
mipeak) [Eq. (3] are given

peak =if(flat & maxcurv. convex & mincurv. convex)

if slope < s1
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These algorithms generate membership-value maps
for cach of the 15 form clements (Fig. 3). The maps

can be used to derive a map of form clements ffom

‘The rules defining a form clement (Fig. 3) can then
be implemented on the basis of the semantic import





The details of their work are in their paper. I just wanted to show some examples to clarify how they could be used. Using these fuzzy classifications to describe locations of soils or soil point data could help build regressions between soil profile data and digital soil-forming factors for digital soil mapping.

These are also useful landscape terms in mountainous terrain, which has always been underserved by our geomorphic terminology.

The images that follow are taken from Humboldt County, California. The elevation data were NED 30m data from the NRCS Geospatial Data Gateway. This is an area of high relief and steep slopes.
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 Color orthophoto of the example area.
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Raster stack on orthophoto. Three elements are shown with the red, green, blue display of the monitor. Red intensity here shows the magnitude of the membership in hollow, green is spur, blue is channel.
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 Here red is ridge membership, green is spur, and blue shoulder spur. The yellow areas are mixtures of the green and blue colors (additive color theory). So yellow indicates partial membership in both spur and in shoulder spur.
There are many possible applications for these data. There is another raster that assigns each cell to the element for which it has the highest membership.

These data combined with other digital soil-forming factor data could provide important inputs to digital soil mapping.

The AMLs allow different size analysis windows and different settings for slope and curvature sensitivity. The AMLs require trial and error on a small pilot area prior to application to soil survey areas. Having one consistent output for an entire soil survey area is valuable. 

AMLs are run from the ArcInfo command prompt and perhaps GIS support staff will need to produce these products working closely with soil scientists to adjust the settings, or train soil scientists who are interested in running them themselves. They are not difficult.

I think that as many people as possible within the National Cooperative Soil Survey should know about these.

Remember to give Schmidt and Hewitt credit.

Reference

Schmidt, J., Hewitt, A. 2004. Fuzzy land element classification from DTMs based on geometry and terrain position. Geoderma 121, 243-256.

Usage Notes

David Howell

I have communicated with Jochen Schmidt. He has been generous with his procedures and support. The only thing that he and Allan Hewitt ask in return is that they are credited when we use their scripts and the outputs from them.

Remember to give Schmidt and Hewitt credit.
The first step is to select elevation (grid) data for the project area. The elevation data are the only data input. No subjective line drawing. The outputs are elevation derivatives. The horizontal resolution is important.
I would pick a small area of a quad or so and experiment with the AML settings.
Open the AMLs in a text editor to see their comments and other usage information.

The first AML to run is the scalepar_edited.aml. The analysis window (kernel) can be set. That is why the horizontal resolution is important. The kernel is the number of grid cells (wide or high) the window is. NED 30m data will be set to a lower number of cells than IFSAR 5m data, for example. I have had reasonable results in the Mojave using an analysis window of about 150m (using NED 30m data this is a kernel of 5).
The scalepar_edited.aml can output many new rasters, which are elevation derivatives. The only ones that are required for the fuzzy land classification are: slope, maxcurv, mincurv, pcurv, and tcurv. When you run the scalepar_edited.aml it will produce the outputs <parameters> that you specify, but it adds a number to the name for each output grid. This number is the kernel number that you specified. Before you can run the next AML (felementf.aml) using these data, you have to rename these grids to the general name, e.g., maxcurv5 would be renamed to maxcurv. They add the number just to help keep track of what the kernel setting was.
Usage is: &run scalepar_edited.aml <inputgrid> <interpolation> <kernel> <parameters>
A typical command for the scalepar_edited.aml is: 
&run scalepar_edited.aml <inputDEM> evans 5 slope,maxcurv,mincurv,pcurv,tcurv
(No spaces between the parameters)
Evans is the interpolation method. There are only two interpolation choices as you will see in the AML text. I just picked the first one.
The main thing to experiment with on the scalepar_edited.aml is the analysis window (kernel) size. This can only be evaluated using the results of the next AML.
The next step after renaming the grids is to run the felementf.aml. This assigns fuzzy membership values for every cell for all 15 different land elements. This is based on definitions of surface shape and proximity to other shapes. In addition to the 15 land elements there are other output grids. The most useful one is one called "form", which is a categorical grid that assigns the land element category with the highest fuzzy membership value for that cell to each cell. There is also one called "element" that is a raster stack of all 15 rasters that can be viewed as a multi-band image in ArcMap etc.
The memberships are based on whether a cell is considered sloping or not, and then the amount of curvature.
Usage is: &run felementf.aml <LSTH> <USTH> <LCTH> <UCTH>
Where: 
LSTH is the lower threshold of what is considered sloping, 0 membership or flat
USTH is upper threshold for full membership in sloping, 1 membership or steep
LCTH is the lower threshold for curved, 0 membership or planar
UCTH is upper threshold for full membership in curved, 1 membership or curved
A typical command for felementf.aml in the Mojave is:
&run felementf.aml 2 10 500 200
The 500 and 200 are expressed as 1/500 and 1/200 as measures of curvature. You can experiment with the threshold settings for slope and curvature depending on how sensitive you want the shapes to be classified. If the elevation data have contour line artifacts you may want to avoid making this too sensitive to curvatures.
I haven't used tophat.aml.
Best of luck with the experimentation. It takes a lot of time to work these out to a useful product.
Remember to give Schmidt and Hewitt credit.
Schmidt, J., Hewitt, A. 2004. Fuzzy land element classification from DTMs based on geometry and terrain position. Geoderma 121, 243-256.

