RCN Training

November 3-7, 2003

Lab 11: Data Integration
Overview:  This lab, and the next, are drawn from real field data collected at Sevilleta LTER by Ana Davidson.  We will be using only a portion of her collected data, from a two week period in the summer of 1999.  Ana studied kangaroo rat and prairie dog mounds on the Sevilleta.  Kangaroo rats are pervasive across the Sevilleta, but prairie dogs were exterminated decades ago and have only recently been reintroduced.  The area of interest is a new prairie dog town, colonized beginning in the mid-1990s, located amid kangaroo rat mounds.  In this exercise, we will start with her corrected GPS shapefiles, and reorganize the data for analysis in the next exercise.  We will also download additional continuous data for the area, and prepare all of the data for integration and analysis.
Part A:  Data download and clean up
1. Create a work directory in your home directory.  Download all of the subdirectories from ftp://ftp.lternet.edu/pub/outgoing/penningd/rcn/griddata, placing the 1999fielddata and griddata subdirectories in your work directory.  Create a project subdirectory in your work directory.  For the following instructions to be consistent with your data organization, make sure you have all three subdirectories in your work directory.
2. Open all of the field data in the 1999fielddata subdirectory in ArcMap.  Examine the attribute tables.  Note that there is a mound type attribute, which is missing entries in some of the tables.  These data are not going to be used in the analysis, so remove them from the project.  Seven shapefiles should remain.

3. Convert the remaining shapefiles to coverages in ArcCatalog, saving them to your project subdirectory.  This can be done as a batch operation.
4. Open a new project in ArcMap, and add the coverages to it.  You will get an error that there is no coordinate information.  Very important note:  when GPS data is exported to shapefile, the projection information does not necessarily go with it.  You have to know its coordinate system and add that information back (a good argument for documenting your GPS data, since it’s difficult or impossible to figure this out after the fact).  Add one of the shapefiles back to the ArcMap project, and look at its properties by right-clicking on the layer.  You will see that ArcMap assumed a coordinate system for display purposes, but that the datum is defined.  Remove the shapefile from the ArcMap project.  Open the properties for one of the coverages in ArcCatalog, and tab to “Tics and Extent”.  These are lat/long geographic coordinates.
5. Assign projection information to all of the coverages, selecting a Geographic Projection, Datum NAD27.  Do this in one of 2 ways:  1) in ArcToolbox => Data Management Tools => Projections => Define Projection Wizard (coverages, grids, TINs), or 2) for each coverage, from Properties => Projection => Define.  Either of these give you the same Projection Define wizard.  For the first coverage, you will need to “Define the coordinate system interactively.”  For subsequent coverages, you can “Define …to match existing data” and point to the newly defined first coverage.  Units are DD (decimal degress).  Datum is Nad 1927 – US (NADCON).  

6.  Merge the seven coverages into one coverage.  This must be done in ArcInfo.  Open Start => Programs => ArcGIS => ArcInfo Workstation => Arc.  You should get a command line screen, with an Arc prompt.  Relocate to your project directory where the seven coverages are stored by typing w x:/path…/project.  Type lc (list coverages) and your coverage names should be listed on the screen.  Type “append <newcovername> points”, selecting a name for the new, merged coverage.  Arc will prompt you for a list of coverages to append.  Enter all seven coverage names, one at a time.  You should get an error that says the items don’t match in one of the coverages.  Enter a blank line, then type Y that your are done entering names, and N that you do not want to use the above coverages.  Go to ArcMap and compare the attribute tables for the error coverage (right-click on coverage) with other coverages, and find the difference.  You should find a slight difference in one of the attribute names.  That attribute must be renamed to match the other coverages.  This has to be done in Arc Workstation, Tables.  At the arc prompt, type:

Arc: tables

Tables: sel <errorfilename>.pat

Tables: items

The item list should include the erroneous attribute names.

Tables: alter

Enter item name: <erroneous item name>

Item name: <correct item name>

Item Output Width: <leave blank, just hit return>

…  <keep hitting return until you get back to a tables prompt>

Tables: items

The new item display should be correct.  Type quit to get back to an Arc prompt, then reenter the append command above to append the seven files into a new file.

Type Y twice when it asks if you are done.  Leave ArcInfo open, as we will return to it again.
7. Check the merged coverage with the original data by adding it to ArcMap.  Move it to the bottom of the list so it will display below the other data (drag and drop).  Change the symbol to something large and bold by double clicking on the symbol.  You should see all of the old data display on top of the larger, new symbol.  If so, remove all of the old coverages from the map, leaving only the merged coverage.
Part B:  Reprojection and Extent
8. Note that analysis extents, projections, and cell sizes can all be handled by ArcGIS on the fly using the Spatial Analyst options.  However, the procedure in this exercise creates new files of the desired extent, projection, and cell size.  This would be desirable for computationally intensive tasks where you do not want the tool to have to continually keep doing these transformations in memory, or in cases where you want to control the algorithms that are used.  For instance, Spatial Analyst resamples the grain size using the nearest neighbor algorithm.  For continuous data, you might prefer a linear interpolation technique.  

9. Add the 3 grids located in the griddata subdirectory to your ArcMap project.  These are vegmap (vegetation classes), tmndvi (ndvi calculated from TM imagery for spring of 1999), and dem15quads (digital elevation model).  You should get an error stating that tmndvi has a different projection.  If it asks you if you want to create pyramids, you can do that or not.  Pyramids take a little time to create, but cause the grids to display faster in subsequent steps.
10. In ArcCatalog, examine the projections and datums for all four datasets now in ArcMap.  Note that all 3 grids have different projections from the geographic coordinates of the prairie dog data, but 3 of the 4 have the same datum.  Reprojecting grids is a lengthy process, so when possible, always reproject vector coverages rather than grids, reproject as few grids as possible, and clip out a smaller area of the grid to reproject. In this case, we are going to reproject the prairie dog coverage to UTM to match the grids, clip the grids to a smaller extent, and reproject the NDVI image to the NAD27 datum.  NAD27 is less accurate than NAD83, so this will result in a loss of precision, but conversion from NAD27 to NAD83 is more difficult (but do-able…see help docs in ArcInfo if you ever need to do this).  

11. Go to Arc Toolbox => Data Management Tools => Projections => Project Wizard (coverages, grids).  Create projected prairie dog coverage from the merged prairie dog coverage, in UTM NAD27, zone 13, units meters, either by specifying this interactively or by matching one of the grids that has this projection.  Name this doverage pdogdatanad27.
12. Reproject the merged prairie dog coverage again.  This time, you are going to create a coverage in the same projection as the ndvi data, so that you can clip that grid to the extent of the prairie dog coverage before reprojecting it.  Follow the instructions in step 10, but match the tmndvi grid coordinate system (UTM NAD83, zone 13, units meters).  Name this coverage pdogdatanad83
13. Create a polygon coverage that consists of a single rectangle that bounds the coverage you just reprojected in step 11.  You can do this with the Editor in ArcMap, or you can do it in workstation.  These instructions are for workstation.  Go to the ArcInfo prompt.  Enter the following:
Arc: ap

Arcplot: display 9999

Arcplot: mape pdogdatanad83
Arcplot: create boxnad83 mapextent

Arcplot: quit

Arc: build boxnad83
14. Clip the tmndvi grid using the box coverage created in step 12. At the Arc prompt, change to the griddata directory and enter the following:
Arc: w ../griddata
Arc: grid

Grid: gridclip

You will get a usage printout, that shows the syntax for the command we are going to use.

Grid: gridclip <tmndvi> <newndvifilename> cover ../project/boxnad83
15. Reproject the clipped tmndvi grid to UTM datum NAD27, zone 13, units meters.  Copy the clipped grid to the project directory with the prairie dog coverages.

16. Create a bounding box of the prairie dog data in UTM NAD27, and use it to clip the dem and vegmap.  Copy the clipped grids to the project directory with the prairie dog coverages.  
17. Start a new map project in ArcMap.  The original project has geographic coordinates as its default projection.  The new one will have UTM as the default projection.  Add the reprojected prairie dog data, and clipped vegmap, ndvi, and the dem to the project.  You should not get any projection errors.  All of the following instructions will apply to the clipped, reprojected data in the project subdirectory.
Part C:  Scale changes
18. Look at the properties on all three of the grids, and find out the grid cell size (grain).  In order to jointly process these, they must be the same cell size.  Without additional information, you must rescale to coarser grain sizes rather than finer grain sizes.  This is a theoretical constraint, not a technical constraint.  GIS products will allow you to go either direction.
19.  Resample the finer grained grids to the same cell size as the coarsest grained grid. Go to the Arc prompt and enter Grid:
Arc: grid

Grid: resample

Grid will return the syntax for the resample function.  Functions are entered in a slightly different way.  You specify the name of the output first, followed by the function.  In the resample function, you specify the name of the starting grid, the desired cellsize, and a resampling algorithm.  Nearest neighbor will assign a value to the new grid that is based on the nearest cell in the old grid (no new values are created).  Bilinear and cubic apply an interpolation between the nearest cells in the old grid, and are appropriate for continuous data (creates new, interpolated values).  The vegetation data is categorical, so we will use the nearest neighbor algorithm; tmndvi is continuous so we will use the bilinear algorithm:

Grid: veg30 = resample(oldvegmapname, 30, nearest) 
Grid: tmndvi30 = resample(oldtmndviname, 30, bilinear) 

20. Replace the older grids with the new, same-grain size grids in ArcMap.

21. Edit the values on the vegmap to:

4 = Black Grama and Galleta

6 = Black Grama and Blue Grama

7 = Blue Grama and Hairy Grama

10 = Fourwing Saltbrush or Dalea

in ArcMap, by right-clicking the file name, choosing properties, and going to symbols.  Change the colors to something more intuitive.

22. Change the DEM symbols to stretched, grayscale.

23. Change the TMNDVI values to stretched.  These NDVI values are rescaled from -1 to 1, to 0 to 200 (high number is high NDVI value), so you should pick a green theme with high number a deeper green.

Part D:  Vector/Raster conversions
24. For some analyses, it is necessary to have all data in either raster or vector format.  It’s best to leave data in it’s original format, unless you know for sure you need it in another format.  For the purposes of this exercise, we will convert the prairie dog data to a raster format to match the other 3 grids (rasterize).  Open Spatial Analyst => Convert => Features to Raster.  Select the prairie dog NAD 27 point coverage as the input features.  Output cell size should be 30, to match the grids.  Choose an output grid name.  The “Field” box is the name of an attribute in the feature coverage that will be used to assign values to the grid.  If you pick a numeric attribute, the grid value will be the same as the attribute value.  If you choose an alpha or alphanumeric attribute, Spatial Analyst will create a list of unique values in the attribute table, and number them.  The number is assigned to the grid cell value, and the grid will have an associated attribute that gives the corresponding alphanumeric value.  In the field box, select “Mound_Type”.  The resulting grid will be added automatically to your ArcMap project.

25. Open the attributes for the new grid, examine the value field, which is a list of numbers assigned to grid cells, and the associated Mound_type.  Edit the list to the following values:

P – Prairie dog mound

KM – Kangaroo Rat mound

OKM – old krat mound
KSH – krat satellite hole (not a mound)
P/KSH – krat satellite used by prairie dogs 
Blank

SKM – error, should be KSH
P/K – mound occupied by both prairie dogs and krats
26. Also note the counts.  There are 71 (P), 50 (KM), 10 (OKM) in the grid, and 12 total in the other values.  Note that there are many more points in the feature coverage.  When resampled to a 30 m cell size, points within a given cell are merged, and the attribute from only one of the points is preserved.  Therefore, rasterizing point data has the impact of coarsening the resolution of the data, and includes a loss of information (those points whose attributes were not preserved).  In this case, measures of species presence or absence in the point file could have be converted to species abundance (number per 30 m area) in separate grids for each species.  Methodologies should be well thought out with respect to the analyses that are intended.  
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