RCN Training

November 3-7, 2003

Lab 12a: Point Pattern Analysis
Overview:  At the broad scale, prairie dog towns are clustered in space.  The questions of interest for this lab are, within the colony, are prairie dog mounds clustered, randomly located, or uniformly located?  Are kangaroo rat mounds clustered, randomly located, or uniformly located?  Are prairie dog mounds related to kangaroo rat mounds by being clustered, randomly located, or uniformly located around krat mounds?
Part A: Visual examination
1. In ArcMap, turn off all layers except the prairie dog data point file.  Look at the distribution of points in space.  Note areas where the data seem to cluster, or are absent.  Articulate these observations conceptually.  You should see something like the following:

a. Mounds are most heavily clustered in the central portion of the study area.

b. There is a NNE-SSW trending area just to the west of the clustered area where mounds are absent.

c. Away from those two areas, mounds appear to be randomly distributed, possibly uniformly distributed.

2. Query the prairie dog point file to look independently at the location of prairie dog mounds (P), kangaroo rat mounds (K), and mounds shared by both (P/K).  Go to Selection => select by attributes.  Enter a query, for example, “MOUND_TYPE” = “P”.  Notice the distribution of each mound type in space, and compare it with the distribution of all of the data, and with the other mound types.  Articulate these comparisons.
3. Compare the mound distributions above with elevation, ndvi and vegetation class.  Do you see any correlations?  Can you think of additional environmental layers that might be relevant to mound distribution?  There is at least one layer of information that would be essential to have, but that information is difficult to collect and is unavailable.
Part B

We will conduct a nearest neighbor analysis on the prairie dog and kangaroo rat mounds.  This analysis cannot be done in ArcGIS…the data must be captured in ArcInfo using the POINTDISTANCE function, then exported to a spreadsheet for analysis. 
4. Open an Arc prompt (Start=>Programs => ArcGIS => Arc Workstation => Arc

5. Change the workspace to your project directory:

Arc: w drive:\path..\project

6. Read about the pointdistance function in the Arc help documents:

Arc: help
7. To use this function, the points representing prairie dog and kangaroo rat mounds must be separated into their own coverages. This can be done in ArcPlot, using the create function.  Read about the ArcPlot create function in the help docs. Choose the syntax create <cover> select.  Select the appropriate points in ArcPlot and create the independent coverages with the following:
Arc: ap

Arcplot: display 9999

Arcplot: mape <point file name>

Arcplot: points pdogdatanad27

(your point file should display)

Arcplot: reselect <point file name> points mound_type = ‘KM’

(should return the number of points selected)

Arcplot: markercolor blue
Arcplot: points <point file name>
(should display the selected points in blue…this are the points we want to export into a separate krat mound coverage)

Arcplot: create krat select <point file name> points
Arcplot: clear

Arcplot: markercolor red
Arcplot: points krat
(should display the krat mounds in red, reading from the new krat coverage)

8. Now, create a pdog coverage.  The following will reselect all of the points in the coverage.  Once all points are back in the selection, repeat the steps above starting at the reselect function, selecting mound_type = ‘P’.
Arcplot: aselect <point file name> points

(should return the full counts selected)

9. In point pattern analysis, you have to worry about edge effects.  Points near the boundaries of the coverage may have neighbors that are much closer than those shown, affecting the analysis results.  To rectify this, you should run the analysis on points from a smaller study extent, including points in the larger extent as possible neighbors.  So, create two new coverages, pdog_inner and krat_inner, for a smaller study area.  The area you select will change the results of the analysis.  In this case, there is a large area where no mounds are located.  Probably there is some sort of habitat constraint in that area.  So, decide whether you want to include that in the analysis, or not.  The, repeat the instructions in step 7 to create a new coverage, but use different syntax on the reselect function.  Type “reselect pdgo points box *”, and it will prompt you to enter the location of the box.  Click in the upper left and lower right corners of the new study area.  A box will appear on the screen.  Only those points within the box are now selected, and these are the ones you need to use with the create function.  To check this, change the marker color to another color, and display the selected points using “points pdog.”
10. One parameter of the pointdistance function is the search radius.  If left blank, it will return the distance from each point to every other point within a default distance.  We do not want to use the default; we want to specify a search radius that will ensure that all points have a nearest neighbor distance associated with them, but we minimize the amount of extra information.  To get this distance, go back to ArcMap, query on ‘P’ and then ‘KM’, and look for points that are going to have the greatest nearest neighbor distance.  Do not use points along the edges of the map; these may have had nearby neighbors just past the study area extent.  Use the measurement tool to get that approximate distance.  Round it up to the nearest ten, and use those values for the search radius in the next step.
11. Quit ArcPlot and return to the Arc prompt (type quit).  At the Arc prompt, type “pointdistance” to get the syntax for the function.  Enter the following:

Arc: pointdistance krat_near krat kratnear.dat <krat search radius>

Arc: pointdistance pdog_near pdog pdognear.dat <pdog search radius>

12. We will need to use Arc Tables to look at, and export, the distance data.  Enter the following:

Arc: Tables

Tables: select kratnear.dat

Tables: items

(you should get a list of the items in the table)

Tables: list

Continue? n

(you should get a partial list of data…you don’t need to look at all the data here, just confirm that the data in present)

Tables: unload kratnear.txt

Repeat the above for the pdognear.dat file.  The data will be download in a comma-delimited ASCII text format to the specified *.txt file, in the project directory.

Tables: quit

13. Open Excel.   Import the two text files into separate worksheets.  Follow the remaining steps for each of the two mound types.  Add a label row at the top, and add labels: Point A, Point B, Distance.
14. Find the nearest neighbor distance for each point.  This is most easily accomplished by creating a field function in a blank column that copies the distance only if the distance above it is 0.  In cell D2 type:

= if(C1 = 0, C2, “”)

Copy this function down. Add the label “Nearest” to the top. 

15.  Reorganize the data.  Copy Column A into Column F.  Copy Column D into Column G, but when you paste, use the Edit => Paste => Paste as Value option.  Sort Columns F and G on G, ascending.  The data at the top of the sort, with 0 distance value, did not have points within the specified search radius.  In practice you would want to look closely at these data, and possibly redo the analysis with an expanded search radius.  Add labels to the top:  Point and ODist.  If this is a dataset you want to be available on your system, you should store the raw data from columns F and G in a database using guidelines from last week!  
16. Create new column headings: N, mean-d, x, y, A, Emean-d, VarMean-d, and Z.

17. Add the count function to the spreadsheet, to get N, the number of points used in the analysis.  

18. Calculate mean-d, the mean nearest neighbor distance, the sum of observed distances divided by N.

19. Determine x and y, the lengths of the bounding box of the inner study areas.  You can do this in ArcMap, using the measuring tool.

20. Calculate A, area = x * y.

21. Calculate expected mean nearest neighbor distance (Emean-d) = 0.5 * sqrt(A/N)
22. Calculate the variance 0.0683 * A/N2
23. Calculate Z, (mean-d – Emean-d )/ sqrt(vard)

24. You can look up z values in any statistical table.  The Z cutoff for a 5% probability of finding a z value less than the observed z value is 1.96.  If |z| is greater than 1.96, there is less than a 5% probability that the distribution is random.
25. Decide if the observed pattern is clustered, or uniform.  If the observed mean is lower than expected, the data are clustered.
Part C

1. In this part, we would like to use point pattern analysis to investigate the relationship between the two mound types.  Unfortunately, there is not a multivariate statistic that will allow you to compare the two distributions.  To do this, you would have to set up a Monte Carlo test.  For example, you could create 100 random distributions of prairie dog and kangaroo rat mounds, and measure the nearest neighbor distance from one mound type to the other for each case.  Then, you would measure the observed distance in the real data, and compare it to the expected distribution derived from the Monte Carlo simulation.  We are not going to do this today!
2. We can, however, see what the nearest neighbor distance is, from prairie dog mounds to krat mounds, even if we cannot calculate significance.

Arc: pointdistance pdog_inner krat pdog-kratnear.dat <search radius>

3. Go to tables, download the output file as described above, and import the data to Excel to calculate the mean nearest neighbor distance from prairie dog mounds to krat mounds.  Is this what you expected from your visual examination?
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