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Practical 16. Using DEMs for hillslope geomorphology
Aims:  This practical is designed to:

1. Introduce you to the basics of terrain modelling; and

2. Give you hands on experience of terrain analysis in Arc GRID and ArcMap.

Objectives:  The steps involved in this practical are as follows:

1. Display the DEM in ArcMap or GRID 

2. Derive slope and aspect variables using slope and aspect functions in GRID

3. Derive valley cross and long profiles using the identity tool in ArcMap

4. Plot altitude, slope and aspect against distance along profile in Excel

5. Relate to physical form
Note:  This practical forms the basis of your third assessment for this part of the module. See the separate handout for further details.
Background

The study area is the Rudolfshütte and Unterwinkelkees glacier area of the Hohe Tauern Alps in Austria.  This area is a typical mid-European alpine environment characterised by active alpine, though largely retreating, glaciers dissecting Hercynian fold mountains.  The area is the location for the Level 2 BSc Alps field class (GEOG2800). Further information on the area can be gained from the GEOG2800 web pages at:

http://www.geog.leeds.ac.uk/courses/level2/geog2800/austria/
Task 1:  Download the data from the GEOG2750 web pages, uncompress into a new workspace and convert the .e00 and .asc files to ArcGIS readable format.  Display the results in ArcMap or GRID.  In ArcMap the “uwinkelsmall.tif” image may be drawn over the data and transparency set to 70% to provide context.

Preparing your data

The data provided includes a 25m resolution DEM and 20m interval vector contour coverage. The DEM can be used to derive additional information on slope and aspect. Note that the co-ordinate system used in Austria is similar to that used by the OS in Britain as it is based on a planar Universal Transverse Mercator projection. 

Calculating slope and aspect maps

Slope can be calculated from a DEM using the slope function in GRID as follows:

GRID: slope25 = slope(sldtm25)

Where:  slope25 is the name of the output grid layer containing the calculated slope values in degrees from horizontal, and sldtm25 is the name of the input DEM.

Aspect can be calculated from a DEM using the aspect function in GRID as follows:

GRID: aspect25 = aspect(sldtm25)

Where:  aspect25 is the name of the output grid layer containing the calculated aspect values in degrees from North, and sldtm25 is the name of the input DEM.

Alternatively, use Spatial/3D Analyst > Surface Analysis > Slope/Aspect in ArcMap.

Task 2:  Use the slope and aspect functions in GRID or ArcMap to calculate the slope and aspect maps from the DEM and display these in GRID or ArcMap.

Other terrain variables

Other variables that can be derived from a DEM include hillshading and curvature.  The hillshade command in GRID works as follows:

Grid: Hillshade (<grid>, {azimuth}, {altitude}, {ALL | SHADE | SHADOW})

Where:  <grid> is the name of the input DEM, {azimuth} is the direction of the sun on the horizon specified in degrees from North, {altitude} is the angle of the sun above the horizon in degrees from horizontal, ALL, SHADE or SHADOW options specify whether you want to create shaded areas only, shadow areas only or all.  For example:

Grid: hillshade25 = hillshade(sldtm25, 135, 40, all)

The curvature command generates both profile and plan curvature images and works as follows:

Grid: CURVATURE(<grid>, {out_profile_curve}, {out_plan_curve})

Where: <grid> is the input DEM, {out_profile_curve} is the output profile curvature map, and {out_plan_curve} is the output plan curvature map.  For example:

Grid:  curve25 = curvature(sldtm25, profile25, plan25)

Note: this command is slightly odd in that two of the new output grids created as specified in the main body of the command where you would normally expect inputs and input options. 

Hillshade can be calculated in ArcMap using Spatial/3D Analyst > Surface Analysis > Hillshade, but there is no curvature calculation tool.

Task 3: Experiment with hillshade and curvature commands and display the results in GRID or ArcMap.  The results from the curvature command are best displayed in ArcMap using a bipolar shadeset (i.e. blue fading to red via a neutral colour) so that convex units are displayed in one colour and concave in the other, with linear slopes in the neutral colour.  Alternatively use shadeset rainbow in GRID before drawing the resulting grid maps using the gridshades command.

Creating cross valley and long valley profiles

Profiles of any variable displayed in ArcMap or GRID can be created using the identity tool or the cellvalue command respectively.  In ArcMap the identity tool (small “i” in blue circle) returns the value of a grid or vector coverage or series of grid/vector coverage at the location of a mouse click.  The results are displayed on screen in the “Identity Results Window”.  In GRID the cellvalue command acts in a similar way but returns the value for a specified grid at the location of a mouse click. Before using cellvalue it is best to create a set of grid data layers known as a “stack” using the makestack command.  This way the cell value command will return the value of all grid in the specified stack at one mouse click.  This works as follows:

Grid: makestack <stack> LIST <grid ... grid>

Where: <stack> is the name of the new stack, the LIST option states that you are about to give a list of the grid map layers that you wish to add to the new stack and <grid… grid> is the list of grid map layers you wish to add separated by commas. The cellvalue command works as follows:

Grid: cellvalue <stack or grid> *

Where: <stack or grid> is the name of the stack or grid map layer to be interrogated, and the * means that you wish to use the mouse to specify the location of the point.  The results from this interrogation of the map display are given in the “black box”.

For example:

Grid: makestack stack25 LIST dtm25 slope25 aspect25

Grid: shadeset rainbow

Grid: image dtm25

Grid: cellvalue stack25 *

Note: enter a “9” from the keyboard to stop entering points.

Whether using the identity tool in ArcMap or cellvalue command in GRID the values for the input data layers together with the x,y coordinate of each point on your cross section can be noted and transferred to a package such as Excel for display as a profile. It is possible to use the Draw tools in ArcMap to first “sketch” out your profiles as a guide to repeat sampling and subsequent display of your profiles on the map you will need to hand in as part of Assignment 8.  Use the “Draw a line” icon (zig-zag line icon third from left at bottom of ArcMap window) to draw your profile on the screen over the map data using left mouse button clicks.  A double click will end the line. The shape, size and colour of the line can be altered by selecting the line with the left mouse button and right clicking to reveal a menu and selecting “Properties”.

 Look very carefully at the terrain as you plot your profiles. A curved profile starting high on the glacier headwall and going all the way to the top of the map and that follows the bottom of the valley/river will produce the best results in the case of the long valley profile. In the case of the cross-valley profile start high on the valley sides and end high up on the opposite side.  Think carefully about your sampling strategy when doing this, e.g. use closer spaced points where the slope changes and wider spaced points where it is uniform.

Task 4:  Create a valley cross profile and a valley long profile for the main valley running North-South in the DEM.  You should vary your spacing of points along both profiles according to rate of change of the terrain (i.e. more points where the relief varies rapidly, less points where it varies less). Use the x co-ordinate (independent variable) to plot the altitude, slope and aspect data for the cross-valley profile, and use the y co-ordinate to plot the altitude, slope and aspect data for the valley long profile. 

Interpreting the results

The plots of altitude, slope and aspect against distance can be used to interpret geomorphological form in the valley cross-section and valley long profile.

Task 5:  Interpret the results for you cross-valley and long valley profiles in relation to geomorphology of the region.

