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Practical 14. Interpolating Surfaces from Point Data

Aims:  This practical is designed to:

1. Introduce you to the basics of choosing and applying appropriate interpolation methods to point data.

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

1. Look at the data carefully and choose appropriate technique(s) for interpolating rainfall– which is most appropriate and why?

2. Interpolate rainfall data using chosen method(s) – have you chosen more than one method and if so why?

3. Display the resulting surface – does it look right, if not why?

Assignment 7:  The interpolated rainfall-surface that you produce for this practical will form the basis of your second assessment for this part of the module (see separate handout for further details).

Background

Two datasets are provided for this practical:

· An Arc vector point data coverage containing the locations and mean annual rainfall totals for 105 rain gauges in the Yorkshire region; and

· A 400m resolution DEM of the Yorkshire Region that has been derived from the 50m resolution OS Landform Panorama 1:50,000 DEM.

The basic task set for you in this practical (and associated assignment) is to experiment with a number of interpolation methods available in ArcGIS (both Arc and GRID) and ArcMap to achieve the best possible interpolated mean annual rainfall surface from the given mean annual rainfall point data (rain gauges) over the Yorkshire region.  In doing so, you may like to refer back to the 4-fold classification of interpolation methods described in the lecture:

· Global or local

· Exact or approximate

· Gradual or Abrupt

· Deterministic or Stochastic

…and use this to help decide which interpolation method may be most appropriate for the data in question taking both the characteristics of the data and the method into account.

Task 1: Download the two datasets from the GEOG2750 web pages into a new workspace and convert them into ArcGIS readable form. Display the resulting point coverage of rain gauges on the Yorkshire region DEM using either ArcMap or GRID.

Examining the metstation data

It is possible to view the attribute data for the metstation point coverage (yorksrf) using the “Tables” database in the Arc ‘black box’.  Each Arc coverage consists of a directory holding several files that contain the coordinate data and the attribute data.  This attribute data can be viewed and manipulated using the Tables database software as follows:

Arc: Tables


…runs Tables database software

Tables: DIR


…lists all attribute files in current workspace

Tables: sel yorksrf.pat
…selects the attribute file

Tables: items


…lists attributes contained in selected file

Tables: list


…lists attribute data in file

Tables: q



…quits tables

Alternatively, you can examine the contents of an attribute table in ArcMap by displaying the coverage, right click on its name in the layer list window and select “Open Attribute Table” from the menu.

Task 2:  Run Tables from the Arc prompt in your current workspace, select the metstation data point attribute file (yorksrf.pat) and list the items and attribute data.  Note the range of values labelled as “marf” (mean annual rainfall). Try opening the table in ArcMap as well. 

Interpolation methods available in ArcGIS

There are a large number of interpolation methods available in ArcGIS, both within the Arc and GRID.  This practical concentrates on four easy to use methods; namely:

1. Thiessen polygons using the THIESSEN command in Arc;

2. Triangular Irregular Networks or TINs using the ARCTIN command in;

3. Trend surfaces using the TREND command in GRID; and

4. Spatial moving average using the IDW (Inverse Distance Weighting) command in GRID.

These methods are used to spatially interpolate surfaces of different kinds from a given set of discrete (point or line) data on the basis of a specified attribute contained in the input data attribute files.

These are described briefly in turn and examples given of how they are implemented in Arc or GRID.

Thiessen Polygons

The THIESSEN command in Arc converts a point coverage to a coverage of Thiessen or proximal polygons.  The command is run from the Arc prompt as follows:

Arc: THIESSEN <in_cover> <out_cover>

Where; <in_cover> is the name of the input data points you wish to interpolate and <out_cover> is the name of the interpolated Thiessen polygon coverage you wish to create.

For example:

Arc: THIESSEN yorksrf rfthiessen

Triangulated Irregular Networks (TIN)

The ARCTIN command in Arc converts a coverage containing arcs, points, or both to a TIN.  The command is run from the Arc prompt as follows:

Arc: ARCTIN <in_cover> <out_tin> {ALL | POINT | LINE} {spot_item}

Where: <in_cover> is the name of the input data points you wish to interpolate, <out_tin> is the name of the TIN you wish to create, {ALL | POINT | LINE} is used to specify the data type you wish to create the TIN from, and {spot_item}is the name of the attribute you wish to use as the Z-value in the interpolation.

For example:

Arc: ARCTIN yorksrf rftin point marf

Where: “marf” is the mean annual rainfall attribute contained in the yorksrf.PAT attribute table for the Yorkshire region metstation point data.

The resulting TIN can be converted to a continuous GRID coverage using the TINLATTICE command. The command is run from the Arc prompt as follows:

Arc: TINLATTICE <in_tin> <out_lattice> {LINEAR | QUINTIC}

Where: <in_tin> is the name of the TIN you have created using ARCTIN, <out_lattice> is the name of the GRID coverage you wish to create, and {LINEAR | QUINTIC} is an option to state how the TIN is converted to a GRID (LINEAR uses a linear transform, whereas QUINTIC uses a smoothed transform).  

This command requires that you enter some further sub-commands to specify the resolution and extent of the GRID coverage created.

For example:

Arc: TINLATTICE rftin rftingrid quintic
Enter lattice origin <xmin> <ymin>:  <hit return to use the defaults>

Enter lattice upper right corner <xmax> <ymax>:  <ditto>

Enter lattice resolution <n_points>: <use the maximum x or y-extent from the given TIN boundary data produced when you first run the TINLATTICE command and divide this by the resolution of the GRID required, e.g. for this example the maximum extent is the x-extent and the resolution required is 400, so 123400 / 400 = 308.5, so enter 308.5>

Task 3:  Run both the THIESSEN and ARCTIN/TINLATTICE commands on the metstation point data and view the results in ArcMap.  Note: you will have two TIN outputs, the vector TIN itself and the rasterised GRID version or TINLATTICE.  Explore both interpolations using the IDENTIFY tool from the ArcMap tool menu and experiment with changing the colours/symbology.

Trend surfaces

The TREND function performs a trend interpolation on a point data set. The function is run from the GRID prompt as follows:

<out_grid> = TREND(<point_cover | point_file>, {spot_item}, {order})

Where:  <out_grid> is the name of the GRID surface you wish to create, <point_cover | point_file> is the name of the input point coverage, {spot_item}is the name of the attribute you wish to use as the Z-value in the interpolation, and {order} is the order of the polynomial being fitted.

Note: 1st order polynomial fits a linear (flat) surface, 2nd order polynomial fits a surface curved in one dimension (quadratic), 3rd order polynomial fits a surface curved in two dimensions (cubic), etc.  producing progressively more complex surfaces for higher polynomials.

Note: The analysis window and cell size of the output grid need to be set first using the SETWINDOW and SETCELL commands.

For example:

Grid: setwindow rftingrid
…required to set analysis window 

Grid: setcell rftingrid

…required to set analysis cell size

Grid: rftrend1 = trend(yorksrf, marf, 1)

This produces a simple linear/first order polynomial trend surface through the Yorkshire region metstation point data using the marf attribute (mean annual rainfall) as the z-value (spot item) to be interpolated.  The output on the screen includes the RMS-error and Chi-squared statistic which are global and local goodness of fit statistics, respectively.
Inverse distance weighting (spatial moving average)

The IDW function performs an inverse distance weighted interpolation on a point data set.  This is a distance-weighted version of the simple spatial moving average interpolation method. The function is run from the GRID prompt as follows:

<out_grid> = IDW(<point_cover | point_file>, {spot_item})

Where: <out_grid> is the name of the GRID surface you wish to create, <point_cover | point_file> is the name of the input point coverage, and {spot_item}is the name of the attribute you wish to use as the Z-value in the interpolation.

Note: The analysis window and cell size of the output grid need to be set first using the SETWINDOW and SETCELL commands if you have not done this previously.

For example:

Grid: setwindow rftingrid
…required to set analysis window 

Grid: setcell rftingrid

…required to set analysis cell size

Grid: rfidw = idw(yorksrf, marf)
Task 4:  Run both the TREND (explore the different outputs for at least 1st, 2nd and 3rd order polynomials) and IDW commands on the metstation point data and view the results in ArcMap. Explore both interpolations using the IDENTIFY tool from the ArcMap tool menu and experiment with changing the colours/symbology.
Note:  If ArcMap is being slow, remember that you can always view and interrogate your results in GRID using the following commands (shown here using some of the example coverage names from above):

Grid: display 9999


…opens graphics window

Grid: mape rftingrid

…sets map extent

Grid: image rftingrid

…draws GRID

Grid: points yorksrf

…draws point coverage

Grid: tin rftin


…draws TIN network

Grid: cellvalue rftingrid *
…allows use of mouse to interrogate image values using left button (enter a 9 on the keyboard to exit this mode)

Task 5:  Considering the characteristics of the input data and the characteristics of the interpolation methods used (exact or approximate, global or local, deterministic or stochastic, gradual or abrupt), which of the resulting interpolated surfaces is the most appropriate and why?

Note: this last task forms the basis of your second piece of assessed work for this part of the module.

Using the Geostatistical Analyst tool in ArcMap

Both the IDW and trend surface methods can be run directly in ArcMap using the Geostatistical Analyst tool. This is accesses using View > Toolbars and checking the Geostatistical Analyst option. This tool allows you to both explore and interpolate vector point data in a more interactive manner than using Arc or GRID.  TIN and IDW interpolations can also be performed through the 3D and Spatial Analyst tool bars.  All these tools in ArcMap, and especially the Geostatistical Analyst tool, give you much greater control over the way the interpolation works. However, as you will see this much control can be somewhat bewildering when you are new to these methods, so use with care.  If in doubt, stick to the defaults and think carefully about what it is you are doing in reference to the input data, the process you are trying to model and the 4-way classification of interpolation methods.

Task 6: Experiment with the Geostatistical Analyst tool as an alternative means of performing interpolations of point data. Try alterning one of the input options/parameters in the menu and note how the result changes.  Why?

