RCN Training

November 3-7, 2003

Lab 12c: Multivariate Analysis
Overview:  A frequent analytical goal is to retrieve the values of a set of  environmental layers at sample locations, for multivariate analysis. In this example, we would like to look at the statistical relationship between the available environmental layers (elevation, ndvi and vegetation class) and the occurrence of prairie dog mounds (dependent variable). As in any statistical analysis, the model developed is only as good as the relevance of the explanatory variables.  In this case, we have already observed that there seems to be something controlling the lack of mounds in the west central portion of the study area, that is not explained by the available environmental data.  Given that, this exercise is not going to have meaningful results, and is being conducted for methodology purposes only.  Additionally, note that even if additional data were available, this is an observational study, and cause and effect cannot be inferred, only associations.
Binary occurrence data (presence or absence) must be analyzed with logistic regression analysis.  The requirements are that you must have both types of samples, they must be independent samples, and there must be more samples than potential explanatory variables. For this exercise, we are only using 3 environmental layers, so we do not need very many samples, but in most cases, you would be evaluating 10 or more environmental layers.  Typical sample sizes might be 100 or more.   
Part A:  Select samples
1. We are going to select random grid cells that are located far enough apart to be independent, based on the correlation plots from the last excersice.  Some of these functions are available in ArcMap Raster Calculator, and some aren’t.  These instructions are for grid, but you can try the expressions in Raster Calculater if you want.  First, we need to create a grid of the same cell size and extent as the pdogbin grid, with random numbers.  We will do this with the RAND function, creating random integer values from 0 to 10,000.  Read about RAND in the help docs.
Arc: Grid

Grid: setwindow pdogbin

Grid: setcell pdogbin

Grid: randnum = int(rand() * 10000)

Grid: mape randnum
Grid: image randnum
 You should see a grid of grayscale cell values, that look random.
2. Divide the randnum grid = two grids, one for cells where pdogs are present, another where they are absent:

Grid: randpres = con(pdogbin == 1, randnum, 0)
Grid: randabs = con(pdogbin == 0, randnum, 0)

3. Select at least 20 random cells, 10 where mounds are present and 10 where absent, using the randomized grids created in step 2.  One way to do that is to display a list of grid values by typing: list randpres.vat at the Grid prompt.  It will display a list of values and counts.  The goal is to find some combination of value that will give you the desired number of cells.  Because the values are randomly generated, it doesn’t matter which values you pick.
Grid: present = con(randpres == x or randpres == y, 1, 0)

Grid: list present.vat

The conditional statement will assign the value 1 to all randpres cells that meet the condition.  The list statement will show you how many cells were assigned a value of 1.  If that number is acceptable to you for a sample set, repeat this procedure for randabs, then proceed with the next step.  If not, delete the grid (Grid: kill present all) and change your expression.
4. Combine the two sample grids (present and absent), to create a grid where present = 1, absent = 0, and all other cells are nodata:

Grid:  temp = con(absent == 1, 0)
Grid: pdogsamp = con(present == 1, 1, temp)

5. Display the selected sample points, and see if there are still 20:
Grid: image pdogsamp
Grid: list pdogsamp.vat

6. Now, we want to remove any sample points that are not independent.  Based on the spatial autocorrelation analyses done in the last exercise, choose a minimum distance that you want between any 2 sample points (e.g. 5 m, 10m or whatever number you think is appropriate).  We will refer to that number as mindist.  

7. Combine the two sample grids (present and absent), to create a grid where all 20 sample points = 1, and all other cells = 0:

Grid:  samples = present + absent

8. We want to locate all cells in samples with value 1, that have no other cells of value 1 within mindist.  We can do this with a neighborhood analysis (moving window), that sums the values of all cells within mindist.  Because all values in samples are 0 or 1, if pass a moving window over each cell, and sum up the values within mindist, cells that were selected (value 1) and have no other selected cells within mindist will retain the value 1.  A cell could also start out with a value 0, and end up with a value 1 after the neighborhood analysis.  Therefore, we can compare the start value in samples with then end value after the neighborhood analysis, to get all cells that started with 1, and ended with 1 (make sure you understand this logic before you proceed). 

9. Add samples to your ArcMap project.  If you get an error about projection, ignore it.  Do a neighborhood analysis of samples in ArcMap (Spatial Analyst => Neighborhood statistics).  Input data = samples, Field = value, statistic type = sum, neighborhood = rectangle, height = mindist, width = mindist, units = cell, output cell size = 2, output raster = neighborhood.  
10. In Raster Calculator or Grid, compare the starting and ending values (samples and neighborhood) with the following expression:

samples2 = con([pdogsamp] == 1 and [neighborhood] == 1, 1, 0)
this expression states create a new grid samples2 that has the condition where pdogsamp = 1 and neighborhood = 1, samples2 has value 1, otherwise 0.  
11. Compare the attribute tables of pdogsamp and samples2 to see if any sample points were removed.  If so, and if having an equally matched number of presence and absence points were important to your analysis, then you would start over and select different sample points, until you found a set that are randomly located and independent.  In either case, for this exercise we are going to go forward with our grid of presence = 1, absence = 0, all other cells = nodata (pdogsamp).
Part B:  Retrieve independent variables
12. This part is easy.  Look up SAMPLE in Arc help docs.  At the grid prompt, type:
Pdogsamples.txt = sample(pdogsamp, demname, tmndviname, vegclassname)

Where the italicized names are the names of your 30 meter environmental grids.  They must have the same cell size.  

13. This function puts out an ascii text file in the project directory, that can be used for regression analysis.  Look at the output file in Word.
Part C:  Regression analysis
14. Arc can do a simple regression analysis.  Look up REGRESSION in the help docs.  Type:

Grid: regression pdogsamples.txt logistic detail

Examine the information that this function will give you.

15. The output text file is suitable for input into any statistical software package.  If one is available on your machine, import the data and run some analyses to investigate associations between the three environmental grid values and prairie dog mound occurrence.  Alternatively, you can do some simplistic analyses in Excel using the Analysis Tool.
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