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DESCRIPTION: This extension produces several possible Mahalanobis-related outputs:
The View button generates a Mahalanobis surface grid based on independent variable grids.

The View button recodes a Mahalanobis surface grid into a p-value grid based on a Chi-
Square distribution with n-1 degrees of freedom, where n = # independent variable grids used to
generate the Mahalanobis grid.

The View button ‘E/ generates a Results table of Mahalanobis distances for each feature in a
point, line or polygon theme.

The View tool Izl allows you to click on a Mahalanobis surface grid cell and calculate the Chi-
square p-value for that cell. The p-values are reported in a text window.

The Table button generates a new field in the current table containing Mahalanobis
distances for each record in the table.

The Table button generates tables containing mean vectors, covariance matrices, inverse
covariance matrices, and correlation matrices for numeric fields in the current table.

REQUIRES: ArcView 3.x and Spatial Analyst. The extension will not load if Spatial Analyst is not
present.

This extension also requires that the file "avdlog.dll" be present in the ArcView/BIN32 directory (or
$AVBIN/avdlog.dll) and that the Dialog Designer extension be located in your ArcView/ext32
directory, which they usually are if you're running AV 3.1 or better. The Dialog Designer doesn't
have to be loaded; it just has to be available. If you are running AV 3.0a, you can download the
appropriate files for free from ESRI at:

http://www.esri.com/software/arcview/extensions/dialog/index.html

Recommended Citation Format: For those who wish to cite this extension, the author
recommends something similar to:

Jenness, J. 2003. Mahalanobis distances (mahalanobis.avx) extension for ArcView 3.x, Jenness
Enterprises. Available at: http://www.jennessent.com/arcview/mahalanobis.htm.

Please let me know if you cite this extension in a publication (jeffi@jennessent.com). | will update
the citation list to include any publications that | am told about.
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Discussion of Mahalanobis Distances:

General Concepts:

Mahalanobis distances provide a powerful method of measuring how similar some set of
conditions is to an ideal set of conditions, and can be very useful for identifying which regions in a
landscape are most similar to some “ideal” landscape.

For example, in the field of wildlife biology we might define an “ideal” landscape as that which
best fits the niche of some wildlife species. Through observation, we may find that a wildlife
species typically occurs within a particular elevation range, on slopes of a particular steepness,
and perhaps within a certain vegetation density. Using Mahalanobis distances, we can
quantitatively describe the entire landscape in terms of how similar it is to the ideal elevation,
slope and vegetation density of that animal.

Moreover, Mahalanobis distances are based on both the mean and variance of the predictor
variables, plus the covariance matrix of all the variables, and therefore take advantage of the
covariance among variables. The region of constant Mahalanobis distance around the mean
forms an ellipse in 2D space (i.e. when only 2 variables are measured), or an ellipsoid or
hyperellipsoid when more variables are used.

Mahalanobis distances are calculated as:
D? :(x—m)T C*(x-m)
where:
D? =Mahalanobis distance
x = Vector of data
m = Vector of mean values of independent variables

C™' =Inverse Covariance matrix of independent variables
T =Indicates vector should be transposed



Independent Variable 2

For example, suppose we took a single observation from a bivariate population with Variable X
and Variable Y, and that our two variables had the following characteristics:

Variable X: mean =500, SD =79.32

Variable Y: mean =500, SD =79.25

Variance/Covariance Matrix
X Y
X 6291.55737 3754.32851
Y 3754.32851 6280.77066

If, in our single observation, X =410 and Y = 400, we would calculate the Mahalanobis distance

for that single value as:

Given that Mahalanobis Distance D? = (x—m)T C*(x-m)

(x=m)= (410—500}

400-500

=12

Therefore D? =(-90 —100)>{

=1.825

i)

629155737 3754.32851) "
3754.32851 6280.77066
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0.00025 -0.00015
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0.00025 -0.00015 -90
X
-0.00015 0.00025 -100

Therefore, our single observation would have a distance of 1.825 standardized units from the
mean (mean is at X = 500, Y = 500).

If we took many such observations, graphed them and colored them according to their
Mahalanobis values, we can see the elliptical Mahalanobis regions come out. For example, the
cloud of data points below are randomly generated from the bivariate population described

above:
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If we calculate Mahalanobis distances for each of these points and shade them according to their

distance value, we see clear elliptical patterns emerge:

Mahalanobis Distance Value
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We can also draw actual ellipses at regions of constant Mahalanobis values:

900



900

Mahalanobis Distance Ellipses e

Independent Variable 2
300 400 500 600 700 800

200

100 200 300 400 500 600 700 800 900
Independent Variable 1

100

One interesting feature to note from this figure is that a Mahalanobis distance of 1 unit
corresponds to 1 standard deviation along both primary axes of variance.

Chi-Square P-values:

Mahalanobis distances are occasionally converted to Chi-square p-values for analysis (see Clark
et al. 1993). When the predictor variables are normally distributed, the Mahalanobis distances do

follow the x° distribution with n - 1 degrees of freedom (where n = # of habitat variables; 2 in the

example above). However, Farber and Kadmon (2003) warn that wildlife habitat variables often
fail to meet the assumption of normality. In cases where the predictor variables are not normally
distributed, the conversion to Chi-square p-values serves to recode the Mahalanobis distances to
a 0-1 scale. Mahalanobis distances themselves have no upper limit, so this rescaling may be
convenient for some analyses.

In general, the p-value reflects the probability of seeing a Mahalanobis value as large or larger
than the actual Mahalanobis value, assuming the vector of predictor values that produced that
Mahalanobis value was sampled from a population with an ideal mean (i.e. equal to the vector of



mean predictor variable values used to generate the Mahalanobis value). P-values close to 0
reflect high Mahalanobis distance values and are therefore very dissimilar to the ideal
combination of predictor variables. P-values close to 1 reflect low Mahalanobis distances and are
therefore very similar to the ideal combination of predictor variables. The closer the p-value is to
1, the more similar that combination of predictor values is to the ideal combination.

Applications to Landscape Analysis:

A nice feature of ArcView Spatial Analyst is that we can use actual grids in the Mahalanobis
Distance equation rather than numbers, so we can input a vector of habitat grids in place of the
vector of input values. We still need the vector of mean values and the covariance matrix, but
Spatial Analyst will treat each of these values as an individual landscape-scale grid of that value,
and therefore the mathematical functions in Spatial Analyst will work correctly and produce a final
grid of Mahalanobis values. Due to a limitation in Spatial Analyst, however, we are limited to 8
input grids for this analysis. Spatial Analyst v. 9 is supposed to fix this limitation.

For example, suppose we have a grid of elevation values and a grid of slope values, and we are
interested in identifying those regions on the landscape that have similar slopes and elevations to
a mean slope and elevation preferred by some species of interest. Furthermore, we want to
analyze the slope and elevations in combination so that if our species likes steep slopes at low
elevations but shallow slopes at high elevations, then we won't inadvertently select steep slopes
at high elevations or shallow slopes at low elevations.

Assume that the niche of our species of interest can be described in terms of Elevation and Slope
with the following parameters:
Elevation = 2121)

. . 1931 -54
Covariance Matrix =
Slope =18

Vector of Mean Values =
-54 87

We can then enter the Elevation and Slope grids directly into the Mahalanobis equation to
produce a Mahalanobis grid:

Given that D? :(x—m)T C*(x-m)

(x )_ [Elevation Grid] —2121.41667
[Slope Grid] — 18.18997

cin 1931 -54 *1_ 0.00074 0.00046
-54 87 ) 10.00046 0.01173

, [[Elevation Grid]-2121.41667 T (0.00074 0.00046 [Elevation Grid]-2121.41667
Therefore D* = x x

[Slope Grid] — 18.18997 0.00046 0.01173 [Slope Grid] — 18.18997

=[Mahalanobis Distance Grid]
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Additional Reading:

The author recommends Clark et al. (1993), Knick & Dyer (1997), and Farber & Kadmon (2002)
for a few good papers illustrating the use of Mahalanobis distances in ecological applications.

For anyone interested in the details of matrix algebra and computational/statistical algorithms, the
author recommends Conover (1980), Neter et al. (1990), Golub and Van Loan (1996), Draper and
Smith (1998), Meyer (2000) and Press et al. (2002).

Using the Mahalanobis Distances Extension:

1) Begin by placing the " mahalanobis.avx" file into the ArcView extensions directory
(../../Av_qis30/Arcview/ext32/).

2) After starting ArcView, load the extension by clicking on File --> Extensions... , scrolling
down through the list of available extensions, and then clicking the checkbox next to
"Mahalanobis Distances."



Generating Mahalanobis Distance Surface Grids:

Mahalanobis surface grids require a set of independent variable data grids containing continuous
numeric values, a vector of mean values for each independent variable, and a
variance/covariance matrix for the set of independent variables. Users can use existing mean
vector and covariance matrix tables if they have them available or they can generate them on-
the-fly based on point locations distributed over the independent variable grids. IMPORTANT:
Due to a limitation in ArcView Spatial Analyst, users are limited to a maximum of 8 input grids in
this analysis. This limitation is expected to be fixed in Spatial Analyst v. 9.

Begin the process by clicking the “Mahalanobis Distance Surface Grid” button in the View
button bar. ArcView will prompt you to identify the source of your Mean Vector and Covariance
Matrix. The “Identify Source for Means and Covariances” window is resizable by dragging on a
corner.

":. Identify Source for Means and Covarian ﬂ
Input D ata Format:

& Generate mean vector and covanance matrix fram point therme.
[~ Save vector of mean values?
[~ Save covanance matiz?
[T Save inverse covanance maths?

" Use existing mean vector and covaniance matriz tables.

- Select Point Theme -

R andom_points. shp -

# Identify Source for Means and Covariances: ll

Input Data Format:

' Generate mean vector and covanance matrix fram point therme.
[~ Save vectar of mean values?
[T Save covanance matiz?
[~ Save inverse covanance mati=?

& [ze emishing mean vector and covanance matns tables. §

- Mean Vector Table - - Covaniance Matriz T able -
td ahalanobiz Distances for ;I Altributes of Bandaorn_paint_*
td ahalanobiz Distances for cow_matris.dbf
tahalanobis Distances for fandata. dbf Cancel |
mean_vector.dbf td ahalanobiz Distances for
zmall_cov_matrix. dbf td ahalanobiz Distances for
zmall_mean_vector.dbf td ahalanobiz Distances for
- M ahalanobiz Distances for ﬂ

Generating Means and Covariances from point theme:

This option provides a direct way to generate a landscape surface that describes how similar any
point on the landscape is to a set of sample points distributed across the landscape. For a simple
example, suppose that we have a set of animal locations plus a grid of elevation and slope
values, and we want to identify regions on the landscape that are similar to the animal locations.
This type of analysis may be useful for identifying potential habitat for an animal species.
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We can use the points directly to generate a vector of mean slope and elevation values for these
animal locations, plus a covariance matrix for both slope and elevation values. Simply choose
the first option in the “Identify Source for Means and Covariances” window and pick your point
theme from the list at the bottom. You may choose to save tables of your mean vector,
covariance matrix and inverse covariance matrix if you wish.

! Identify Source for Means and Covariances: x|
|rput Drata Format;

% Generate mean vechor and covariance mats fram point theme.
¥ Save vectar of mean values?
[V Save covariance matrix?
[T Save inverse covanance mathis?

{ Use existing mean vector and covarance matix bables.

- Select Paint Theme -

Cancel

OE.
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You will then be asked to identify the independent variable data grids to use with these points,
and whether you wish to use exact or interpolated cell values at each point:

#2 Select Data Grids for Mahalanobis Distance: x|
- fvailable Grids - - Selected Grids -
elervation = elevation = ‘?g“;'
zlope zlope e
Hishd3 ¢
&
= k|-
Extract grid walues at each point by .
% sing exact grid cell walues at each paint Cancel
i |nterpolating values from the 4 closest cells QK

The list on the left shows all the grids available in your view and the list on the right shows all the
grids that will be used in the analysis. Select one or more grids from the left and click the “Add”
button to add them to the “Selected” list. If you need to reorder the selected grids (if, for example,
you want to generate a mean vector or covariance matrix in a particular order), click on one of
them and use the arrow buttons on the left to shift it up or down.

Exact Values vs. Interpolated Values:

You have the option to use the exact cell value for each of your point locations, or interpolated
values based on the 4 closest cells to that point. For interpolated values, ArcView uses a 2-step
method whereby values are interpolated first vertically and then horizontally. For example, given
4 cells around a particular location:

-10 -



A
2.54 7.57
¢ ¢
~ 3.40 ~ 6.72
& @
5.42 4.73
C

Lines are first generated between the cell centers of cells A and C, and between cells B and D,
and values are interpolated along these lines at the Y-coordinate of the point location. Then a
final value is interpolated along the X-axis between these two interpolated values. In this case,
the interpolated value of the point is approximately 4.31, while the exact cell value of the point is

2.54.

Once you have selected your grids and point value method, click ‘OK’ to generate the
Mahalanobis distance grid. When the computations are complete, the grid will be added to the

view and you may then use it for any further classification or analyses.
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In this example, we also elected to generate tables of our Mean Value vector and Covariance
matrix so both of these tables will open along with the report. The values in both tables are in the
order that the original grids were entered, so here the first value in the mean vector is the
Elevation mean and the second value is the Slope mean. The rows in the covariance table reflect
the variables in the same order as the fields, so again Elevation is in the first row and column,

and Slope is in the second row and column.

The Report Window:

You will also see a report detailing several things that may be of interest. It begins with
information on the name and hard drive location of your Mahalanobis grid and the order of the
independent data grids as they were included. If any output matrices were saved, the report will
also include them and show where on the hard drive they were saved. Finally, the report will
allow you to check if the matrix calculations worked correctly.

Recall that the Mahalanobis equation does not use the Covariance matrix directly, but rather the
inverse of that matrix:

D? :(x—m)T C™*(x-m)

Therefore this extension must generate the inverse of the matrix before calculating the
Mahalanobis distances. This extension uses the Lower/Upper Decomposition method of matrix
inversion as described by Press et al. (2002).
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Matrix inversion can be computationally complicated and many sources recommend checking the
accuracy of the process before relying on it. The output report helps you to check that accuracy
by multiplying the Covariance matrix by the Inverse covariance matrix, which should produce the
Identity matrix (all 0’s except for 1’s down the diagonal):

x

i ahalanohiz Diztance Report; "

ki ahalanohiz Diztances Grid ' ahalanobiz’ added to view.
Gnd Source = 'C:\temptmahalanobizhaid28'
Paint values reflect exact cell values. .

Grid Theme Order:
1] elevation
2] zlope

Mean Value Vector
Saved to: o:\temphmahalanobizbmeans3. dbf

212141667
18.18997

YWariance/Covariance Matrix
Saved to: o hemphmahalanobishCowd. dbf

1331.63701 -54.08652
54, 03652 8737324

Report of Covanance Matrix [nversion:
[Covaniance Matrix] = [Inverse Covariance Matrix] should produce |dentify matris...

Covariance b atris;

1391.637008565 -54. 03651 762
-54. 08651762 873732417

[rverse

0.00073629 0.00045579
0.00045573 0.01172730

[Cavariance Matrix] ¥ [Inverse Covariance b atrix]

1.00000000 0.00000000
-0.00000000 1.00000000

Repart generated Movember 30, 2003; 15:12:00

Copy ko Clipboard Copy and Cloze

The multiplied matrix appears near the bottom of the report. Do not worry about negative 0
values; these are due to rounding issues in the computer which are an inherent problem with 32-
bit operating systems. These “0” values typically have non-zero values at the 10" or greater
decimal place and sometimes these values are very slightly lower than 0, forcing a “-0” value
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instead of a “0” value. Such matrices are still sufficiently close to perfect Identity matrices to
demonstrate that the matrix inversion was successful.

Using Categorical Grids:

Categorical data do not lend themselves directly to Mahalanobis analysis. Mahalanobis values
reflect how similar some set of values is to some ideal vector of values, and this ideal vector is
generally assumed to be composed of the means of the variables involved. It is difficult to find
the “mean” of a set of categories, and therefore they are not appropriate for Mahalanobis
analysis.

However, there are aspects of categorical datasets that can be used to generate Mahalanobis
distances. Clark et al. (1993) derived a numeric diversity grid from their categorical grid, where
each cell value reflected the number of categories within a particular neighborhood around that
cell. These data don't exactly follow a continuous distribution, but they are still reasonable as a
Mahalanobis independent variable. You can generate this kind of grid using the Neighborhood
Statistics function in Spatial Analyst. Generate the statistic named "Variety", which will only be
available if you have an integer input grid (which is true of categorical grids).

The author has also written a tool to calculate neighborhood statistics which offers a few more
options than the standard Spatial Analyst one (see Grid Tools at
http://www.jennessent.com/arcview/grid _tools.htm).

Another option, also using neighborhood statistics, is to determine the proportion of the
neighborhood that is composed of a particular category. You may need to generate several of
these proportion grids if you want to use several categories in the Mahalanobis analysis. You can
generate these category proportion grids as follows:

1) Click your "Analysis" menu, then the "Map Query..." menu item.

2) When the Map Query dialog opens, generate a query string querying your categorical grid
for one particular category. For example, if you had a forest cover type category, you
might enter:

[Cover_grid] = 4
where "4" would reflect one of the cover type categories.

3) Now you will have a "Map Query #" grid in your view, with "1" values reflecting the area
represented by that category, and "0" values representing all other areas.

4) Open your Neighborhood Statistics tool and generate neighborhood statistics on your Map
Query grid. You want to calculate the Sum, which will tell you the number of cells of that
category within the specified neighborhood around each cell.

5) To convert this to proportions, you'll also need to find the total number of cells in that
neighborhood.

6) Set your Analysis Environment to match your Map Query grid. Click the “Analysis” menu,
then “Properties...”

7) In the drop-down box next to “Analysis Extent”, select your Neighborhood Sum grid.
8) In the drop-down box next to “Analysis Cell Size” , select your Neighborhood Sum grid.

9) Generate a grid of "1" values by opening the Map Calculator dialog again and entering the
following calculation string:

1.AsGrid

10) Open your Neighborhood Statistics tool again, use the exact same neighborhood, and
calculate the sum of your grid of "1" values. This will tell you the total number of cells

-14 -


http://www.jennessent.com/arcview/grid_tools.htm

within the specified neighborhood. Naturally, this value should always be = the number of
cells of each category within that neighborhood.

11) Now you have two Neighborhood Sum grids; one representing the number of cells of that
category in your neighborhood, and the other representing the total number of cells in that
neighborhood. Divide the Category Sum grid by the Total Sum grid and you'll get the
proportion grid.

12) Use that Proportion grid as one of the independent grids in the Mahalanobis tool.

Using Existing Mean and Covariance Data:

This option allows you to use an existing mean vector and covariance matrix in your analysis
rather than generating them on-the-fly from point locations. This option is useful if you have
already derived your means and covariances using this extension or some other software, or if
you would like to generate comparative Mahalanobis surface grids using slightly different mean
vectors. Knick and Dyer (1997) describe a method of substituting a weighted mean and
covariance matrix when certain input variables are better measured than others.

If you choose this option, you will need to identify the tables containing your Mean Value vector
and your Covariance matrix before clicking ‘OK’:

! Identify Source for Means and Covaria ﬂ

Input Data Format:

{~ Generate mean vechor and covariance matrs from point theme.
[ Save vector of mear valles?
[ Save covariance matr-?

[T Saveinverse covanance matiz?

&+ Use existing mean vector and covanance matix tables.

- Mean Yector Table - - Covariahce Matrix T able -
Attributes aof Handnm_;l Attributes of Carrect_d &
cov_matris. dbf Attributes of Mightinme_
Covariahce_table Attributes af Bandarn_ Cancel
fandata. dbf cov_ratris. dbf
itmecon2. dbf Covariance_table
faodata. dbf
| small_cov_matriz.dbf | imvcovz. dbf |

IMPORTANT: These tables must be in the correct format for the analysis to work! Both the
mean vector table and the covariance matrix table must contain only numeric values and they
must be ordered correctly. The field order of the Covariance matrix table should apply to the row
order of both the Covariance matrix table and the Mean Vector table:
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The tool will check the tables to see if they appear to contain valid matrices before letting you
continue.

Next, you will be prompted to identify your independent variable grids. These grids must be
selected in the order of the matrices above, and the query window is designed to facilitate this:

i Select Grid Themes: X|

Fleaze zelect the 2 grids that comespond ko your Mean

Vectorand Covatance Mo ]
Grid #1: ‘elevation’ data: [ elevation | Cancel
Grid #2; 'slope’ data: | slope |

Click ‘OK’ to generate your grid. Your Mahalanobis Distance grid will be added to your view and
you will see a report describing the analysis. See the discussion above on the Report window for
an explanation of the report.

Generating P-value grid from Mahalanobis Distance Grid:

When the predictor variables used to generate the mean vector and covariance matrix are
normally distributed, then Mahalanobis distances are distributed approximately according to a
Chi-square distribution with n-1 degrees of freedom. In such cases it may be useful to convert
the Mahalanobis distance grid into a grid of p-values. If the predictor variables are not normally
distributed, it may still be useful to make this conversion because it rescales the unbounded
Mahalanobis values such that they are all between 0 and 1. For more details on the uses of
converting to p-values, see the discussion on Chi-Square values on page 5 or refer to Clark et al.
1993.

The ‘E/ button provides an easy way to convert Mahalanobis grids into p-value grids. Click the
button and you will be prompted to identify your Mahalanobis grid and the appropriate degrees of
freedom:
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The degrees of freedom should be equal to n-1, where n = # predictor variables used to generate
the original mean vector and covariance matrix. The Mahalanobis grid in this example was

#! Generate Chi-Square P-valuet x|

- Pleaze identify inpuk grid -

b ahalano

elenyation
glope
Hlzhd3

Chi-Square Degrees of Freedom: I 1

Help | Cancel | (] |

generated from 2 predictor variables (Slope and Elevation), so there would only be 1 degree of
freedom. Click the OK button to generate the p-value grid:

16.385 - 24502
24582 - 3279
3279 40.987
40987 - 40 185
43165 - 57 362
57362 - 65 579
85.570 - 72777
[ 73777 - 31974
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= 90.172 - 93389
[ 55.369 - 106.566
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B 114 784 - 122,961
[ 12z 861 - 131159
I 131158 - 139.356
[ 133 256 - 147,554
B 147 554 - 166 751
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B 170 R4R - 18R AA1

«] Mahalano bis j‘
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Help Cancel | 0K

X
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Due to a limitation in Spatial Analyst, this function does not generate exact p-values for each cell
but rather classifies the grid into 26 p-value ranges. The p-value for each cell reflects the
probability of seeing a Mahalanobis value as large or larger than the actual Mahalanobis value for
that cell, assuming the vector of predictor values that produced that Mahalanobis value was
sampled from a population with an ideal mean (i.e. equal to the vector of mean predictor variable
values used to generate the original Mahalanobis grid). P-values close to O reflect high
Mahalanobis distance values and are therefore very dissimilar to the ideal combination of
predictor variables. P-values close to 1 reflect low Mahalanobis distances and are therefore very
similar to the ideal combination of predictor variables.

Calculating P-values for individual Mahalanobis Distance Grid cells:

The tool allows you to calculate exact p-values for individual Mahalanobis surface grid cells,
assuming a Chi-square distribution with n-1 degrees of freedom where n = # predictor variables
used to generate the mean vector and covariance matrix. See the discussion of Chi-Square
values on page 5 for an explanation of this concept.

When you initially click the tool, you will be asked to identify the degrees of freedom to use in
the calculations:

i Degrees of Freedom: x|

Chi Sguare Degrees of Freedom: I 1

Enter Degrees of Freedom, then click an grid
to generate P-values. .

Help | Cloze |

After you enter a number, you can start clicking on the screen to calculate p-values. Your cursor

should be represented with a O symbol. As you click on different places on the grid, you will
generate a running list of p-values:
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&2 Yiew3

ﬂ Animal_leeations . hp

1 Mahalanobis

| elevation

_| slope

| HEhdz

! Degrees of Freedom;

Chi Square Degiees of Fieedom I 1

Enter Degrees of Freedom, then click on grid
to generate P-values...

Help | Close |

#! Chi-Square P-Yalue Repork:

Palues generated from Chi-5quane Grid ' ahalanobis’
Feport Generated Decermber 3, 2003; 12.01:55

1) Paint Location = (484615, 3311584)
Grid Cell Value = 14.8552
PN alue (Chi-S quare, 1 df = 0000116

2) Paint Location = (491503, 3313774)
Girid Cell ¥ alue = 1.50803
P alue (ChiS quate, 1 dF) = 0.219746

3] Point Location = [497 250, 38137135]
Grid Cell ¥ alue = 3.74697
P4 alue [ChiS quare, 1 df] = 0052303

I

Copy to Clipboard I Copy and Close | 5""'EIE§E'”'EI

Generating Mahalanobis Distances for Feature Themes:

This process does not generate a Mahalanobis surface grid, nor does it use any predictor
variable grids in the analysis. Rather, it generates individual Mahalanobis distances for each
feature in a feature theme based on attribute data contained in the feature attribute table. The
output is presented in a Results table containing ID values for each feature and the Mahalanobis
distance of that feature, and the table can easily be joined to the feature attribute table for further
analysis.

If you wish to add a field with Mahalanobis distances directly to the attribute table, open the table

using the @I button and use the “Generate Mahalanobis Distances for Tables” option (page 22).
The tools for generating Mahalanobis distances for feature themes and for tables are essentially
identical, except that the Table function adds a field to the table while the Theme function creates
a separate Results table.

Click the “Theme Mahalanobis Distances” button to start the process. Because this button
works directly on feature themes, the button will only be enabled if there is at least one point, line
or polygon theme present in the view. You will first be prompted to identify your theme and an ID
field containing unique ID values for each feature in the theme. These ID values are necessary
for you to join your Results table with your theme attribute table:
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! Please Identify Theme and ID Fie ﬂ

- Select Theme - - Select [D Field -
Animal_locationz. shp Categaory ;I
Clazsz
lgr_sumsz
Combine
(- Sal_1000 j
Cancel k. |

Next, identify the fields containing the independent variable values for each record, and specify
whether you would like to generate the mean vector and covariance matrix directly from the data
or use existing mean vector and covariance matrix tables:

#! Select Data Fields for Mahalanobis Distance:

Ix

- &eailable Fields - - Selected Fields -
5ol 1000 -] Elev -

eley glope_deg

zlope_deqg
M ahalanobiz
b akalanobiz_1

Fec_num

hd
hd =L~ ki~

% [Generate mean vector and covariance matmx from data.
[T Save MeanYector
[T Save Covanance batriz

L] [+ [= =]

||

[~ Save Inverse Covariance b atix

" Uze existing mean vector and covarance matrs tables.

[T Generate Chi-Square P-values for each M ahalanobis Distance

¥ LUse Al Records [n = 60 Cancel
" Use Selected Recards (0/af B0 curently selected) ok

The “Available Fields” list on the left contains all the numeric fields available in the theme attribute
table, and the “Selected Fields” list on the right contains all the fields to be used in the analysis.
Select one or more fields from the “Available” list and click the “Add” button to add them to the
“Selected” list. If you need to reorder the selected fields (if, for example, you need to generate a
mean vector or covariance matrix in a particular order, or if you need to reorder your fields to
match an existing mean vector or covariance matrix), use the arrow buttons on the left to shuffle
the fields up or down.

You have the option to generate your mean vector and covariance matrix directly from the data,

in which case the Mahalanobis distances will reflect the distance of each individual feature from
the internal mean vector of the group. Such values may be useful for determining within-group
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variability. Alternatively you can generate distances of each record from some other mean
vector, possibly generated from a control group or based on earlier research, by clicking the “Use
existing mean vector and covariance matrix tables” option. See Knick and Dyer (1997) for an
example of substituting a weighted mean and covariance matrix when certain input variables are
better measured than others. If you choose this second option, you will next be asked to identify
the tables containing your Mean vector and Covariance matrix:

#2 Identify Source Tables for Means and Covarianc x|
- Mean Yector T able - - Covariance batris T able -

meansh. dbf ] | cove.det -]
small_cov_matrx. dbf trise. dbf
small_mear_vector.dbf :
Statz of elevation Within Zones of Anim fandata. dbf
Stats of glape Within Zones of Animal_h ifmecon . dbf
Yector of mean values bl ahalanobiz Distances for Animal_locatic ;I

IMPORTAMT: Make zure that the order of values in the Mean Wector and Covariance b atris
tables cormespond to the order of your data fislds!

Cancel | O, |

This window is resizable by dragging on a corner.

Recall that using existing tables requires that your input fields be correctly ordered. In our
previous example, we don’t want our Elevation values to be evaluated based on our Slope mean
and variance! Use the arrow buttons on the previous window to adjust your field order.

Additional Options:

If any of your features are currently selected, you will have the option to use either all features in
the analysis or only the selected features.

You also have the option to generate p-values for each Mahalanobis value, based on a Chi-
square distribution with n-1 degrees of freedom. See the discussion of Chi-square p-values on
page 5 for a description of the relationship between Chi-square p-values and Mahalanobis

=
values. The ﬂ button opens up a help window briefly discussing Chi-square p-values.

Click ‘OK’ to generate the Results table of Mahalanobis distances. You will be asked where you
want to save your table, and the table will then be generated and opened. If you elected to
generate additional tables, these tables will open also.
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#! Please specify a name for your kable:

File: M arne: Directonies:
| rnahalanaobis 7. dbf C:htempimahalanobiz
TSE | =
= temp
J £ az_clip?_dd
£ az_clip?_utm
o P VR : _
#2 Mahalanobis Distances for "Animal_locations.shp® [H[=] E3
i - Bar e Mtz
Diives: | 7 0 1.49306143 ]
o 8 1 057035439 J
: 9 2 210234544
10 3 1.33700127
11 4 1.62101470
12 ] 228390445
13 g 001271170
23 7 1.72930117 -
1 ITJ

If you wish, you can join this new table with your original attribute table with the following steps:

1) Click the ID field of your new Mahalanobis Distance table (“Rec” in our example).

2) It not already open, open your theme attribute table by clicking the Open Table button ‘@ on
the View button bar.

3) Click the ID field of your theme attribute table (“Rec” in our example).
4) Click the Join button on the Table button bar.

5) Your tables are now joined, and the Mahalanobis distances will appear as a field in the
attribute table as long as the tables stay joined. The dbf files themselves have not been
altered, but any analyses done on the theme can now include the Mahalanobis distances.

You will also see a report describing several aspects of the analysis which may be of interest,
including the hard drive location of any new tables and a check on the matrix inversion
calculations (see explanation of the Report window in “Generating Mahalanobis Distance Surface
Grids” [page 12] for more details).

Generating Mahalanobis Distances for Tables:

This function generates individual Mahalanobis distances for each record in a table based on
independent variable fields contained in the table. The function adds a field to the table labeled
“Mahalanobis” containing the Mahalanobis distances.

If you cannot or do not wish to modify your table by adding a field with Mahalanobis distances,
use the “Generate Mahalanobis Distances for Feature Themes” function (page 19) to create a
separate Results table. This separate table can then be joined with the current table for further
analysis. The tools for generating Mahalanobis distances for feature themes and for tables are
essentially identical, except that the Table function adds a field to the table while the Theme
function creates a separate Results table. If you have no theme associated with this table, you
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can create a temporary one using the “Add Event Theme” menu item in the View menu (see
ArcView Help files).

Begin by clicking the “Calculate Mahalanobis Distances” button in the Table button bar. You
will be prompted to identify the fields in the open table containing the independent variable values
for each record, and specify whether you would like to generate the mean vector and covariance
matrix directly from the data or use existing mean vector and covariance matrix tables:

#! select Data Fields for Mahalanobis Distance: x|
- Avallable Fields - - Selected Fields -
Combine ;I eley = %
Sol_1000 glope_deg —
eley ‘%‘
zlope_deg —
M ahalanobiz 3
M ahalanobiz_1 —l &
P LI il |
" Generate mean vectar and covariance matrx from data,
[T Save Mean Vecton
[ Sawve Covariatice Matriy
[ Savelnverse Covanance Mt
% Lze exizting mean vector and covariance matrs tables.
[T Generate Chi-Square P-walues for each M ahalanobiz Distance
¢ Use All Records [n = 50] Lancel
+ lze Selected Recaords [30 of B0 curently selected)

The “Available Fields” list on the left contains all the numeric fields available in the current table,
and the “Selected Fields” list on the right contains all the fields to be used in the analysis. Select
one or more fields from the “Available” list and click the “Add” button to add them to the
“Selected” list. If you need to reorder the selected fields (if, for example, you need to generate a
mean vector or covariance matrix in a particular order, or if you need to reorder your fields to
match an existing mean vector or covariance matrix), click on any of the selected fields and use
the arrow buttons on the left to shuffle it up or down.

You have the option to generate your mean vector and covariance matrix directly from the data,
in which case the Mahalanobis distances will reflect the distance of each individual feature from
the internal mean vector of the group. Such values may be useful for determining within-group
variability. Alternatively you can generate distances of each record from a separate mean vector,
possibly generated from a control group or based on earlier research, by clicking the “Use
existing mean vector and covariance matrix tables” option. See Knick and Dyer (1997) for an
example of substituting a weighted mean and covariance matrix when certain input variables are
better measured than others. If you choose this second option, you will next be asked to identify
the tables containing your Mean vector and Covariance matrix:
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- Mean Yector T able -

#2 Identify Source Tables for Means and Covariance 5[

- Covvaniance Matrix Table -

meanzs. dbf
reanz 3. dbf

meatzd. dbf

reanzh. dbf

meatz6. dbf

small_cov_matrx. dbf

| | covsdn -]

L

covw_matriy, dbf
Covanance table
J fandata. dbf

LI i dbf ;I

IMPORTAMT: Make zure that the order of values in the Mean Wector and Covariance b atris

tables cormespond to the order of your data fislds!

Recall that using existing tables requires that your input fields be correctly ordered. Using tables
in which the independent variable fields follow a different order will cause the data to be analyzed
based on incorrect means and covariances, and will produce invalid Mahalanobis distances.

Additional Options:

If any of your records are currently selected, you will have the option to use either all records in
the analysis or only the selected records.

You also have the option to generate p-values for each Mahalanobis value, based on a Chi-
square distribution with n-1 degrees of freedom. See the discussion of Chi-square p-values on
page 5 for a description of the relationship between Chi-square p-values and Mahalanobis

Z
values. The ﬂ button opens up a help window briefly discussing Chi-square p-values.

Click the ‘OK’ button to start the analysis. As soon as computations are done, the tool will add a
new field to your table named “Mahalanobis” containing the Mahalanobis distance values and

open a report window containing information about the analysis:
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) butes g _|Of x #} Yectors and Matrices Generated: x|
Slme S5 Nihetmes : M ahalanobis Distance Report: -
796 i all e e Il
124153 0. 00000000 ; Mahalanabis Distances addsd to field [Mah_bis]
5.331 ] U. Goonnaag Field Aliaz = 'Mahalanobis'
! : Analysis used existing mean vectar and covanance tables:
267274 1.3370m 27 Mean Yector: meansb. dbf
57178 1.62101454 -+ ohtemphma halanobizimeanzE. dbf
[l ] [0.00000000 Covariance Matriv: Cove, dbf
77 Eag ! 0 dhnoianaa -+ chtempiima halanobizhCovE. dbf
237929 1.72930117 Field Oider:
267274 1.33700127 1] eley
91394 0.00000000 2] slope_deg
JB72F aoooooocd: o o ff
35343 1,22862353 Mo ratnices zawed...
E.6137 000000000: ] e
281592 1.19391302 Report of Covanance M atris Inversion:
EE1T7 7 QU74SE [Covariance Matriz] % [Inverse Covariance Matrix] should produce |dentify matris...
23,8076 0.54824331
58708 223630513 Covvariance Matris
383128 0. 00000000 —
12.9097 000000000 1291, E3700565 54, 02851752
599507 04357108 B4 08E517E2 87, 37324217
251918 1.80378894 [hveres
271835 0. 00000000
59694 0. 00000000 000073629 0.00045579
10 EEAd 3 BiiE4aans 000045573 001172730
32036 1.08338730 [Cawvariance Matx] # [lhverse Covan ance Matnx]
14.0032 0.00000000
19,4595 0. 00000000 1.00000000 0.00000000
66316 0. 82652650 [0.00000000 1. 00000000
pR:LI= 0. 00000000
22,8345 0. 00000000 Report generabed Decernber 1, 2003, 154301 |l
29,1104 0. 00000000 -
12,2538 0. 00000000 | | B =
Ao rn [ttt d Copy o Clipboard Copy and Cloze
K 57 py to Clip py

See the description of the Report window (page 12) for more details on the report components.

Generating Statistical Matrices:

This function provides a quick way to generate tables containing the mean vector, covariance
matrix, inverse covariance matrix, Pearson’s r correlation matrix, and Spearman’s rho rank
correlation matrix from multiple fields in the current table. The mean vector and covariance
matrix tables can be used with the Mahalanobis functions described elsewhere in this manual.
Options to generate a Pearson’s r and/or Spearman’s rho correlation matrix are included because
the author of the extension needed them for something and decided to leave them available for
others to use.

Pearson’s r correlations measure how much one variable changes as a second variable changes,
and in which direction. Values range between -1 and 1, with negative values implying a negative
relationship (i.e. as one variable increases, the other decreases). Values close to 1 or -1 have
high correlation while values close to 0 have low correlation. Spearman’s rho correlations are
identical to Pearson’s r except that they are calculated from the relative rank of each value rather
than the value itself (see Conover 1980:252). Spearman's rho correlations are generally
considered more appropriate when the variables are not normally distributed or when the
researcher wants to reduce the importance of outliers.

Open your table and click the “Create Statistical Matrices” button ‘@/ to start the process. You
will be prompted to identify the fields to include in the analysis:
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! select Data Fields for Analysis:

- &vailable Fields - - Selected Fields -

lgr_sumz ;I b Lt = ‘Tg“;’
Combine b Librin —
Sol_1000 elev ¥
eley glope_deg —
zlope_deqg %
M ahalanobiz —| &

¥ Use Al Becords [h = 6] Cancel

" Usze Selected Recards [30 of B0 cumently selected) ok

The list labeled “Available Fields” contains all the numeric fields available in your open table and
the list labeled “Selected Fields” contains all the fields currently selected for analysis. Select the
fields you would like to analyze and click the “Add” button to add them to the Selected list. If you
need to change the order of the selected fields for any reason, click on one of the fields and use
the arrow buttons on the left to shuffle it up or down. If any of your records are selected, you
have the option to analyze either the full set of records or only the selected set.

Next, choose which matrices you would like to generate:

i Select Statistics to Ge x|

v “ectar of Mean Values

¥ “anance/Covariance Matris
¥ Inverse Var/Covariance b atnix
¥ Comelation Matiz [Pearson's 1)

v Comelation Matrix [Spearman's tha)

Cancel {0k

Click ‘OK’ and the tables will be generated and opened, along with a Report dialog describing the
analysis. See the description of the Report window (page 12) for more details on the report
components.
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Statistical Matrix Methods:
X
e Mean: 22—
e Variance/Covariance Matrix:
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Variance of variable X = o, = ¢’; estimated by =

Covariance between x and y = o, ; estimated by =

Therefore, given p variables:
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Covariance Matrix Cov(X) =| .
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Z (Xil - X1)
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Z (Xiz - )?z)(xil - )?1)
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i=1
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Inverse Covariance Matrix: Matrix inversion is computationally complex, and the author

refers interested readers to the Lower/Upper (LU) Decomposition method in chapter 2 of

Press et al (2002).

e Pearson Correlation Matrix:

Oy Op Oyp
: ; . Oxn Oy Oy
Given a Covariance Matrix Cov(X) =| . .
O Op2 Opp
on O Oup
VOuVOun  VOu+vOo» VO114/Opp
Oa Op» Oap
the Pearson Correlation Matrix =| \/0,,/Cy  \/Tp%Cs OO pp
O

pp

O-pl sz
| VOuyOmp  VO224Opp

Spearman Correlation Matrix: Computationally identical to the Pearson Correlation

VO V0 |

Matrix except that ranks are used in place of original values. For example, the list of
values {12, 3, 56, 23, 1} would be replaced with {3, 2, 5, 4, 1}, and the replacement list
would then be used to generate the correlation matrix.
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Enjoy! Please contact the author if you have problems or find bugs.

Jeff Jenness jeffi@jennessent.com
Jenness Enterprises http://www.jennessent.com
3020 N. Schevene Bivd. (928) 607-4638

Flagstaff, AZ 86004

USA

Updates to this extension and an on-line version of this manual are available at

http://www.jennessent.com/arcview/mahalanobis.htm

Please visit Jenness Enterprises ArcView Extensions site for more ArcView Extensions and other
software by the author. We also offer customized ArcView-based GIS consultation services to
help you meet your specific data analysis and application development needs.

=
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