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INTRODUCTION



	In September 1993 Dr. Thomas W. Swetnam, head of the Fire History group at the Laboratory of Tree-Ring Research, University of Arizona, requested that Richard Holmes write a Fortran computer program to perform spatial analysis of fire events or other phenomena.  VAX-VMS Version 6.1 (1993) ANSI Fortran-77 programming language and the University's VAX mainframe computer were used to develop the program.  Features were added to the program as researchers used it in fire history research.  Subsequently the program was compiled with Microsoft "PowerStation" (1993) Fortran-77 to make it available on PC compatible computers.



PURPOSE OF PROGRAM SPANFIRE



	Program SPANFIRE (“Spatial Analysis of Fire Events”) performs spatial analysis of fire events by finding the proportion of trees scarred to all trees recording, by number, by means of convex hulls and Voronoi (Thiessen) polygons, and by mean distance between trees.  Data required for analysis are the X and Y coordinates (location) of the trees and the dates of recording and scarring of each tree.



DATA FILES



	Two sets of data are required for spatial analysis of fire events:



	(1) TREE COORDINATES (X, Y), one line for each tree, showing distances W-E and S-N from a point of origin.  This is a typical small file of tree coordinates (Rows are trees; columns are W-E distance and S-N distance from the origin respectively):

		 W - E   S - N          Distance coordinates

		....:....1....:....2    Columns

		 5140.23 3527.14

		 4894.58 3462.38

		 4940.24 3869.25

		 4032.54 4280.41

		....:....1....:....2    Columns



	(2) Table of FIRE EVENTS, one line for each fire year, containing information on which trees were living and which trees were scarred in that year.  Symbols in this file are:



		1  Fire scar in this year for this tree

		0  Tree not scarred this year

		*  This tree did not record for this year



�This is a typical small file of fire events (Rows are fire years; columns are trees):

		Year 1 2 3 4 5 6 7 8 9101112131415161718    Tree numbers

		....:....1....:....2....:....3....:....4    Columns

		 1307 * 0 0 0 1 1 0 0 0 0 1 0 * * 0 0 *

 		 1328 0 0 0 0 0 1 0 0 1 1 0 0 * * 0 0 *

 		 1387 0 0 1 1 0 0 1 0 1 1 1 0 * 0 0 0 *

 		 1407 0 0 0 1 0 0 0 0 1 1 0 0 * 0 0 0 *

 		 1430 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0

 		 1460 0 0 1 0 1 1 1 0 0 0 1 0 0 0 0 0 0

 		 1473 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 0 0

 		 1499 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0

 		 1539 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0

 		 1571 0 1 1 1 0 0 1 0 0 1 1 0 0 0 * 1 1

 		 1592 0 0 0 1 1 0 1 * 0 1 1 0 0 0 * 0 0

		....:....1....:....2....:....3....:....4    Columns



	Data may be in one file, in which case tree coordinates must appear first, separated by a blank or title line from the fire events.  If data are in separate files, give first the file name for tree coordinates.



PROGRAM CAPACITY



Maximum number of trees is 256; maximum time span is 2076 BC to AD 2020 (4096 years).



MENU OPTIONS



The user may give a title to describe the program run.



Values that may be changed by the user appear on a menu:



1	Metric conversion factor.  By default the tree coordinates in the data file are given in meters.  If the coordinates are not in meters they should be converted so that the results will then appear in Hectares.  If coordinates are in feet, enter -1 for this item; the program will multiply all coordinates by 0.3048 to convert distances to meters.  If coordinates are in another unit, enter a multiplier factor to convert to meters.  Coordinates are subsequently adjusted by subtracting the minimum value.



2	Unit area (pixel size).  By default the unit area or pixel is 1 by 1 meters.  For each tree there is a Voronoi or Thiessen polygon, a convex polygon containing all points closest to the tree on which it is centered; this is the area represented by the tree.  To compute this area a convex hull containing all the trees is divided into small square units known as “pixels”.  For each pixel the program determines which tree is closest and assigns the pixel area to that tree.  This is a straightforward but computationally slow method known as the “discrete brute force” algorithm (Mark, 1987).  A small pixel will give greater precision but will cause the program to run slowly.  A large pixel will give lower precision but greater speed.



3	Voronoi polygon areas may be computed once for each tree and the same areas used throughout the analysis (default, or enter “1”).  Under this method the program will run efficiently, and it may be theoretically the sounder method.  Alternatively, tree polygon areas may be recomputed each time the combination of trees changes (enter “R”), that is, when a new tree enters the data set or a tree ceases to record.  Since under this method each pixel must be reassigned whenever a tree enters or leaves the group, the program may run slowly.



4	Each tree may be included in the total area beginning either with the first ring present on the tree (default; enter “R”) or with the first appearance of a scar (enter “S”).



5	A scattergram of tree locations may be produced.



6	A spreadsheet file with percentages by fire year may be produced.



7	By default the program computes and prints summary statistics on fires over the entire time span only.  Alternatively the user may specify that these statistics be computed over periods of time such as every 50 or every 100 years.



OUTPUT FROM PROGRAM SPANFIRE



	The printed output first shows the run title and the names of data files read and created by the program.  The number of trees and the number and time span of fire years are noted.  The menu is shown with options as selected by the user.  Next are the conversion factor and range of coordinates after conversion.  Coordinates are then adjusted by subtracting the minimum value; thus one of the coordinates in each direction will be zero.



	A table of distances among trees shows the linear distance in meters between each pair of trees.



	For the convex hull around all trees, the vertices are recorded along with the tree numbers at the vertices and the azimuthal direction clockwise from north from each vertex to the next.  The source code for finding the vertices and computing the area of the convex hull was written in Basic programming language by James Swetnam and revised by Anthony Caprio.



	Voronoi polygon areas are computed for each tree.  A table lists the time span covered by each tree along with the area of its Voronoi polygon and its adjusted coordinates in meters and in the original units.  Statistics appear on the distribution of polygon areas, and a comparison is made between the area of the convex hull and the sum of the tree polygon areas.



	The percentage of trees scarred is calculated for each fire year.  Four methods are used and values and percent are listed:



(1)	By number of trees scarred as a proportion of the number of recording trees.



(2)	By area of the convex hull around the scarred trees as a proportion of the convex hull around all recording trees (the convex hull can be calculated only if three or more trees are scarred).



(3)	By area of the Voronoi polygons of the scarred trees as a proportion of the area of the Voronoi polygons of all recording trees.  If the user has elected in menu item 3 to recompute when the set of trees changes, an “R” indicates that areas were recomputed for this year



(4)	By mean distance between pairs of scarred trees as a proportion of the mean distance between pairs of all recording trees.



	In the following table summary statistics are given for the four methods above for the entire time span of record, or by period if the user has so specified.



	The next table gives statistics for each fire year on the distribution of distances between pairs of scarred trees and pairs of all recording trees.  At the right edge of this table the fire record for each tree and year is shown; symbols are:



F - Tree recorded a scar in this year.

N - Tree was recording but was not scarred.

n - Tree was not yet recording: this symbol appears only if the user has responded “S” in menu item 4 to include trees in calculating the total area only with the first appearance of a scar.

. - No data: tree was not recording in this year.



	The final table ranks the fire years by percentage of trees scarred.  Ranking is independently done by the four methods described above: by number of trees scarred as a proportion of the number of recording trees; by area of the convex hull around the scarred trees as a proportion of the convex hull around all recording trees; by area of the Voronoi polygons of the scarred trees as a proportion of the area of the Voronoi polygons of all recording trees; and by mean distance between pairs of scarred trees as a proportion of the mean distance between pairs of all recording trees.
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