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ABSTRACT

Many studies use the temporal record of dendrochronologically -dated fire scars to document properties
of fire regimes before human interference (e.g. fire suppression, logging, and agriculture) became pervasive.
Such reconstructions provide vital information that can be used by land management agencies when de-
signing and implementing fire management policies, and are especially useful for justifying the reintro-
duction of fire to areas where fire has long been excluded by humans. Tree -ring based fire history studies
produce large quantities of data that require efficient tools for compilation, organization, and analysis. In
this paper, I describe the development and use of FHX2, software comprised of individual modules designed
specifically for (1) entering and archiving of fire history data, (2) creating graphs that display both temporal
and spatial features of the site fire history, (3) conducting statistical analyses on fire intervals and season-
ality, and (4) performing superposed epoch analysis to analyze climate /wildfire interactions. Although de-
signed to analyze fire history, the software can be used to analyze any set of events recorded in the tree -
ring record, such as growth suppressions and releases, floods, and insect outbreaks.

INTRODUCTION

Reconstructions of fire history based on tree -
ring data provide valuable information on refer-
ence conditions of fire regimes prior to widespread
Euro- American settlement and its associated dis-
turbances. Analyses of these reconstructions allow
assessments concerning the changing structure of
forests due to (1) possible human -induced distur-
bances on fire occurrence, such as grazing, fire
suppression, and land use (Cooper 1960; Coving-
ton and Moore 1994), and (2) natural factors that
operate over both local and regional scales, such
as climate change (Johnson and Miyanishi 1991;
Swetnam 1993; Grissino -Mayer 1995). Many
studies have used dendrochronologically -dated fire
scars found within the growth -ring record to es-
tablish temporal and spatial patterns of past fires
(e.g. Weaver 1951; Zackrisson 1977; Kilgore and
Taylor 1979; Baisan and Swetnam 1990; Swetnam
1993; Grissino -Mayer 1995; Veblen et al. 2000).
The escalating number of studies that use fire -scar

data underscored a need for software to system-
atically process and analyze the large volumes of
data generated. The FHX2 system was developed
to meet this need.

FHX2 is DOS -based software that facilitates the
analysis of past fire history from fire scars and
other fire -related injuries found in the annual
growth rings of trees. Four modules comprise the
FHX2 system (Figure 1). The Data Entry Module
allows one to enter, edit, and archive fire history
information. The Graphics Module creates and
prints graphs that display the temporal and spatial
patterning of past fire within a site. The Statistics
Module provides a wide array of statistical anal-
yses, including the modeling of fire interval data
using the Weibull distribution, tests for analyzing
fire seasonality, and tests for detecting changes or
differences in fire regimes over time and space.
Finally, the Superposed Epoch Analysis Module
assesses the preconditioning of fire occurrence due
to climate. The maximum number of samples
FHX2 can analyze is 255 up to 800 years in
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Figure 1. The FHX2 system contains four primary modules: (1) Data Entry, (2) Graphics, (3) Statistics, and (4) Superposed
Epoch Analysis (SEA). The FHX2 data files are used directly in the Graphics and Statistics modules, while the SEA module
uses a list of fire years generated from the composite information for an individual site, along with a climate proxy (e.g. a tree -
ring chronology) or tree -ring based climate reconstruction.

length, or 99 up to 2,500 years in length. The soft-
ware is menu driven using dialog boxes, and
guides users through intuitively- designed pop -up
windows that enhance ease of use. A 110 page
User's Manual is supplied with the software.

The FHX2 system has been used primarily to
analyze fire regimes in the American Southwest
dominated by ponderosa pine (Pinus ponderosa
Dougl. ex. Laws.) forests (e.g. Grissino -Mayer
1995; Ortloff et al. 1995; Morino 1996; Swetnam
and Baisan 1996; Fulé et al. 1997; Baisan and
Swetnam 1997; Grissino -Mayer and Swetnam
2000). However, the software has been used to an-
alyze a variety of fire regimes where tree rings can
provide annually resolved dates for past wildfires.
Such fire regimes include the ponderosa pine for-
ests of the central Rocky Mountains (Veblen et al.
2000; Brown et al. 2000) and Black Hills region
(Brown and Sieg 1999), the mixed -oak forests of
the central United States (Sutherland 1997), the

boreal forests of Fennoscandia (Lehtonen et al.
1996; Lehtonen and Huttunen 1997), the conifer
forests of southern Canada (Guyette and Dey
1995; Dey and Guyette 2000), the mixed- conifer
forests of the American Southwest (Grissino -May-
er et al. 1995; Wolf and Mast 1998) and the
mixed -conifer forests of the Pacific Northwest
(Wright 1996; Everett et al. 2000). Although de-
signed to analyze fire history, the software can be
used to study any event recorded in the tree -ring
record, such as flood scars (McCord 1996) and
stand dynamics effects (e.g. growth releases or
suppressions).

THE FHX2 FORMAT

The FHX2 system uses a character -based data
format designed to (1) speed data entry, (2) pro-
vide an intuitive format for fire history data, (3)
create a standard for tree -ring based fire history
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Table 1. Symbols used in the FHX2 data format and their
explanations.

Symbols Explanation

left square bracket: pith date, the very inside date
possible on the tree

right square bracket: bark date, the very outside
date possible on the tree

left curly bracket: the innermost date possible on
the tree -pith is not present

right curly bracket: the outermost date possible on
the tree -bark is not present

a period: a "null" year -a dated tree ring for
which no information on fire history is avail-
able, e.g. the ring formed prior to the initial
scarring event

a vertical line (or "pipe" symbol): a "recorder"
year -a dated tree ring that formed after the
initial scarring event, but contains no scar

D, d a fire scar (uppercase) or injury (lowercase) situat-
ed in the dormant position, between the previ-
ous year's latewood and the current year's ear -
lywood

E, e a fire scar (uppercase) or injury (lowercase) situat-
ed in the early (one -third) portion of the early -
wood

M, m a fire scar (uppercase) or injury (lowercase) situat-
ed in the middle (one- third) portion of the ear -
lywood

L, 1 a fire scar (uppercase) or injury (lowercase) situat-
ed in the latter (one -third) portion of the early -
wood

A, a a fire scar (uppercase) or injury (lowercase) situat-
ed in the latewood

U, u a fire scar or injury for which the position could
not be determined

data, and (4) provide flexibility for new data types
in the future. In this format, characters indicate a
particular property (Table 1), such as a scar in the
early portion of the earlywood ( "E ") or a scar in
the dormant season portion of the ring ( "D "). Fire
scars are always denoted by capital letters based
on the position of the scar within the annual ring,
while any other injury, whether or not related to
fire, is denoted by a lowercase letter. Table 2 lists
a file in FHX2 format.

The format considers whether a tree was a po-
tential "recorder" of fire during any particular
year or series of years (Romme 1980) because this
information is crucial for more accurate statistical
analyses (e.g. calculating the percentage of trees
scarred in any given fire year). "Recorder" rings

are those tree rings that formed after the tree had
been initially scarred by fire, as this initial wound
increases the tree's chances of recording subse-
quent fires. "Null" rings are the exact opposite.
These tree rings provide no information on fire
history because they (1) formed prior to the initial
scarring event, (2) formed after the tree has com-
pletely healed over the initial fire wounds and is
no longer a recorder of fire events, or (3) were
damaged due to decay or burning by subsequent
fires, thus masking whether the tree was a recorder
of fire or not. Researchers should maintain metic-
ulous notes that record which portions of the fire -
scarred samples were "recorder" years and which
were "null" years.

DATA ENTRY

Data entry is menu -driven using steps to guide
the user through the process. In Step 1, the user
can either (1) set up a new data file (called a ma-
trix), (2) import an old data file for further data
entry, or (3) change the settings of a current data
file already loaded. In Steps 2, 3, and 4, the user
specifies a file name for the matrix, the ID for the
sample being entered, and the beginning year of
that sample. In Step 5, the actual data are entered.
In Step 6, the user documents the data file by en-
tering all site information, which is saved in the
same file as the fire -scar data. Comments can be
added to the data file. The Data Entry module also
provides utilities to (1) merge one or more data
files, (2) move or rename individual series, (3) de-
lete individual or entire sets of series, and (4) sort
the data file using nine different sort options (e.g.
sorting by the first year of each series, or by the
first year that recorded a fire scar). Sorting is a
valuable tool because temporal and spatial patterns
of past fires may be indistinguishable if samples
are simply analyzed in the order in which they
were originally collected in the field.

GRAPHICS

The production of high -quality graphics show-
ing the temporal and spatial characteristics of a
site's fire history is an important function of the
FHX2 system (Figure 2). Dieterich (1980) first de-
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Table 2. A simulated data file in FHX2 format. The second
line contains the beginning year, number of samples (columns),
and the length of characters in the sample ID. Each sample is
represented by a column, while each row contains the fire his-
tory information for the year.

scribed the use of graphical "composite fire inter-
vals." These graphs consist of horizontal lines rep-
resenting individual sampled trees on which sym-
bols are overlain that denote the years that contain
the dendrochronologically -dated fire scars. The
sample ID of each tree is displayed to the right of
each line, while the x -axis is the time line ranging
from the earliest year of information to the latest.
In FHX2, a "composite" axis is also drawn that
represents the composite fire information from all
individual series (or a subset) over the entire range
(or a subset) of years. The program also has op-
tions for adding a title, legend, custom lines (to
help delineate certain fire years), seasonal desig-
nations (if available), and tic marks and labels, and
the user can choose to graph a subset number of
years or a subset number of series. Several font
and symbol types are available.

The composite information is important for as-
sessing changes in fire frequency over time and
space within and between sites. The user has great
flexibility in the information that can be displayed
on this composite axis by using any one or a com-
bination of three filters: (1) minimum percentage
of samples scarred during any year (calculated us-
ing only recorder trees), (2) minimum number of
samples scarred, and (3) minimum number of sam-
ples. These filters are designed to help identify fire
years that may have been particularly widespread
across the study site, and assumes that higher per-
centages indicate progressively greater areas
burned within an individual site (Swetnam 1990;
Grissino -Mayer and Swetnam 1995; Touchan et al.
1996). For example, a year in which fire scarred
75% of the samples may have had a more signif-
icant impact on the environment than a year in
which fire scarred only 5% of the samples. Filter-
ing of fire data can also provide information con-
cerning the spatial distribution of fire across the
study site. For example, a higher percentage of
trees may have been scarred in one portion of the

FHX2 FORMAT
1812 7 5
CCCCCCC
EEEEEEE
RRRRRRR
0000001
3457890

{

.E.M..

. M . . . U

.I. .

. E[JLEU

.M MM

D LM

U U

EEMMEEE

U MU

m

LaLAAA

1812
:1813
: 1814
: 1815
:1816
; 1817
'1818
:1819
:1821
:1822
: 1823
:1824
: 1825
:1826
:1827
'1828
'1829
:1830
:1831
:1832
:1833
: 1834
1835
1836

:1837
1838

:1839
:18401841
:1842
'1843
-1844
'1845
'1846
:1847
:1848
11849
-' 1850
; 1851
; 1852
:1853
:1854
'1855
11856
1858

:1859
-1860
:1861
:1862
: 1863
: 1864
'1865
; 1866
: 1867
'1868
0.869
1870



LEGEND

t Fire Scar

I Other Injury
H Pith Dote

Inner Date
Outer Dote

-t Bork Dote
- Recorder Years
- Null Years

FHX2 Software

EMI MItMt11iuuuuMIll'úiúüu MUM EMI u
1ttlI11itl>11tMILLE 1uulil asalMut! I tt! II Min t!

Mat1tl -Wlt!
uuuuua_1 tt1mt! t t al>>1> t
MAW. LIIMIMuIauuuuM=I 11t! 1tlEtttalt!M. IMAM =JIM uMuIElit! tMt111l MIN M1l ALM tl ILE tltMIltltllMINIM III af!LI u11 u u tit ttal M tatlt> Mll l =MI

=11111mt1t1LatJl MI

iii i IMAM t>7
ttt ELM ttt!

'HIE II III III HE VIII fllllll Hi (1 Ill Ill VIII I( 11 II lII II III II 111111 IIII IIIIIIIII

119

PET38
PET30
PET33
PET34
PEr40
PET3]
PET39
PETIB
PET21

PET31

PET20
PET13

T36

PET35
PET06
PET24

PET12
PET23
PET25

PETaB
PET32
PET,'

ET26
PET15
PET19
PET04
PET22
PET16
PUN
PET 10
PET12
PET27
PET28
PET03

PET29
PET11

PET02
PET05
PET02

PET01

COMPOSITE
ALL SERIES
MIN SCARS = 1

MIN SAMP = 1

1400 1450 1 500 1 550 1 600 1 650 1 700 1 750 1800 1 850 1900 1950 2000
Figure 2. A master fire history graph created for Peter's Flat, a mixed- conifer site in the Pinaleño Mountains of southeastern
Arizona (Grissino -Mayer et al. 1995), sorted by the first year of each series. This type of sorting more clearly demonstrates the
spatial patterning of past fires, and can also be used to evaluate dates for stand origins after possible high- intensity fires. Note
the living trees in the upper portion of the graph that show few fire scars during the 20th century.

study site, indicating possible effects due to local
topography, local microclimatology, or human -re-
lated disturbances. Such spatial differences in fire
regimes are important when designing fire man-
agement guidelines.

To suppress the display of those years when
only one tree was scarred, the user can set the
minimum number of trees scarred to two samples
or higher. The body of the graph can also be fil-
tered using these same composite filters to create
a graph that highlights major fire years. All fire
history information from the composite axis (i.e.
the site composite) can be exported to a separate
data file, which can automatically be merged with
composite information from other sites to create a
regional data set for display and further analyses.
The data from the composite information can also
be exported and used in the superposed epoch
analysis.

Printer and plotter drivers are supplied with the
FHX2 system for immediate printing. A useful op-
tion is the ability to create files using the Hewlett-

Packard Graphics Language (HPGL), a standard
format that can be imported into many graphics
packages.

STATISTICAL ANALYSES

FHX2 provides basic summary information for
each sample and performs a number of statistical
tests and functions to help evaluate the fire history
for any given site. The Statistics Module can out-
put summaries for individual series and create a
table showing the (l) changing sample depth over
time, and (2) the changes in fire frequency and /or
percentage of trees scarred during running 10, 25,
or 50 year periods. Analyzing changes in fire fre-
quency over time is important when assessing the
effects of local or regional factors (such as human
disturbance and climate change) on fire regimes.
This table can be imported into standard spread-
sheet programs for graphing. It is good practice to
print out and archive all summary information for
a given site.
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Table 3. Descriptive statistics output by the FHX2 Statistics Module for analyzing fire intervals.

Statistic Description

Total Intervals
Mean Fire Interval
Median Fire Interval
Weibull Modal Interval
Weibull Median Interval
Fire Frequency
Standard Deviation
Coefficient of Variation
Skewness
Kurtosis
Location parameter
Scale parameter
Shape parameter
Minimum Fire Interval
Maximum Fire Interval
Lower Exceedance Interval
Upper Exceedance Interval
Maximum Hazard Interval

(number of fire years) - 1
(sum of all fire intervals) /n, n = number of intervals
midpoint interval in array of ordered interval data
the mode of the Weibull distribution
the median (50th percentile) of the Weibull distribution
(1 /MFI), in FHX2 calculated as (1/Weibull Median Interval)
square root of variance, measures dispersion about the mean
a measure of variability, defined as (standard deviation /mean)
measures distribution imbalance left and right of the mean
measures peakedness of the distribution
locates Weibull distribution on the interval class axis
locates Weibull distribution across the interval class axis
characterizes the unique shape of the Weibull distribution
shortest fire interval
longest fire interval
delimits unusually short intervals
delimits unusually long intervals
fire interval associated with the maximum hazard rate

The seasonality of fire is an important property
of fire regimes, and can be estimated in the tree -
ring record by observing the intra- annual position
of the fire scar within the annual tree ring (Baisan
and Swetnam 1990). By analyzing the frequency
of the various scar positions, the dominant season
of fire occurrence can be determined, if one exists.
FHX2 can analyze these (if seasonal designations
were recorded and entered) to determine the dis-
tribution of the seasonal timing of past fires, and
help note whether any changes in fire seasonality
have occurred. Assigning actual calendrical sea-
sons to a past fire event, however, will depend on
the phenology of the tree species being analyzed,
which itself is influenced by elevation, topography,
soil conditions and composition, climatic influenc-
es, and forest composition and structure.

The analysis of fire intervals is an important tool
for analyzing fire regimes. FHX2 uses the Weibull
distribution to model fire interval data (Johnson
and Van Wagner 1985; Grissino -Mayer 1995,
1999), a flexible distribution that can be fit using
a variety of shapes (representing different models)
to fire interval data. The Weibull distribution helps
define fire regimes by providing statistical descrip-
tors (Table 3) that bracket the historical range of
variability. These descriptors include two impor-
tant measures of central tendency. The Weibull

Median Interval (MEI) is the fire interval associ-
ated with the 50th percentile of the fitted distri-
bution, while the Weibull Modal Interval (MOI) is
the fire interval that contributes the greatest
amount of area under the probability density func-
tion. In a recent study, the MOI was found to be
a superior overall measure of central tendency, and
appeared to identify a common underlying struc-
ture in Southwestern fire regimes independent of
habitat type and environmental gradients (Grissi-
no -Mayer 1999). The interval data can be filtered
by percentage scarred classes, and results from fit-
ting of the Weibull distribution can be output to
tables and imported into spreadsheet programs.

Finally, the Statistics Module provides paramet-
ric and nonparametric tests for evaluating whether
changes have occurred (1) temporally between two
or more independent periods, and (2) spatially be-
tween two or more sites or subsites. Often, chang-
es or differences may be observed in (1) the fire
frequency at an individual site or between two
sites, (2) the percentage of trees scarred by fires
within and between individual sites, or (3) the syn-
chrony of fires between periods and between sites.
Three basic tests are used to determine whether
differences in the mean fire intervals or percentage
of trees scarred are statistically significant between
two independent periods. FHX2 uses a Student's
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Figure 3. Results from the superposed epoch analysis are tabulated and can be imported into a spreadsheet program to generate
simple bar graphs that show the months when climate may have significantly influenced tire occurrence. (A) Fires primarily occurred
during severe drought years preceded by generally wet years, but the latter were not significant. (B) Drought during the year of lire
was not a significant factor, but rainfall preceding the fire years was significant. This suggests a preconditioning of fire occurrence
by the amounts of fine fuels produced in response to generally wetter antecedent conditions, a pattern found in a number of fire
history studies in semiarid Southwestern forests ( Swetnam and Betancourt 1998; Grissino -Mayer and Swetnam 2000).

t -test to test whether a difference in mean fire in-
tervals or percentage of trees scarred exists, cal-
culated for both equal and unequal variances,
whichever is appropriate. An F -test is used for
evaluating differences in the variance of fire inter-
val or percentage -scarred data sets between two
independent periods. FHX2 then uses a two -sam-
ple Kolmogorov- Smirnov (K -S) test for analyzing
differences in the distributions of fire interval or
percentage -scarred data between two periods.

FHX2 can also analyze whether differences ex-
ist spatially between two independent data sets
containing fire history information. The samples in
the fire history data set are first grouped based on
site information. For example, one group may con-
tain all samples collected on the lower half of a
hill slope, while the second group may contain all
samples collected on the upper half. To test wheth-
er differences exist between these two independent
data sets, FHX2 again uses the same t -test, F -test,
and K -S test. FHX2 can also test for synchrony of
fires between these two independent data sets us-
ing an array of diagnostic tests. First, two types of
chi -squared tests are used, the first using a 2 X 2
contingency table (with cells containing presence -
absence totals for 1 -1, 0 -1, 1 -0, 0 -0, where "1"
denotes the presence of a fire for that year, and
"0" denotes absence of a fire in that year) and the

second using a 2 X 1 table (a 1 -1 cell containing
synchronous fire years versus a combined cell con-
taining 0-1 and 1 -0 non -synchronous years). Gris-
sino -Mayer (1995) suggested that the 2 X 2 is ap-
propriate for sites distant from each other, while
the 2 x 1 is more appropriate for sites that are
essentially contiguous.

FHX2 also computes an array of similarity in-
dices commonly used in ecological analyses for
testing association (Hubalek 1982; Ludwig and
Reynolds 1988), including the Ochiai Index, Jac -
card Index, Dice Index, Kulczynski Index, Yule
Index, and the Baroni - Urbani and Buser Index. Fi-
nally, a Wald- Wolfowitz Runs Test (Downie and
Heath 1959) is performed to determine whether
the number and length of runs of synchronous and
asynchronous fire years in the two data sets were
generated by a random process.

SUPERPOSED EPOCH ANALYSIS

Superposed epoch analysis (SEA) is a powerful
tool used to analyze the influence a particular var-
iable has prior to and during a certain event (Fig-
ure 3) (Swetnam 1993; Swetnam and Baisan 1996;
Veblen et al. 2000). In fire history studies, SEA is
used to analyze the influence of climate on fire
occurrence in years preceding, during, and follow-
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ing fire years. Although climate in years t + 1, t
+ 2, etc. does not exert any influence on a fire in
year t, analyses that include these years may help
detect important patterns of climate prior to and
following a fire year. Two variables are required:
(1) the list of fire years to be analyzed (created
using the Composite Axis export function in the
Graphics Module), and (2) either a tree -ring chro-
nology that spans the length of the desired period
to serve as a proxy of climate, or an actual recon-
struction of a particular climate variable based on
tree -ring data. Climate conditions in years prior to
and during fire years are averaged after all fire
event years have been "superposed" (i.e. stacked
one on top of another and set to year zero). Sec-
ond, bootstrapping methods are employed (Moo-
ney and Duvall 1993) on simulated events (win-
dows picked at random) to provide robust levels
of confidence.

The first portion of the output provides statistics
on the climate or tree -ring variable being used.
The second portion provides information and sum-
mary statistics on climate (whether based on an
actual reconstruction or on a tree -ring chronology
serving as a proxy for climate) for years prior to,
during, and following the fire years. This portion
of the output is critical because the user can quick-
ly scan the mean values to determine the charac-
teristics of climate during the event window. Con-
fidence limits are also provided in this portion of
the output. The third part of the output provides
similar information and statistics for the number
of simulations conducted. Windows of similar
length are randomly selected and mean values cal-
culated for all years, regardless whether a fire year
occurred or not. This provides the "control" in-
formation with which to test the information in the
previous section. The fourth portion of the output
provides a graphical display of the results. The
range of values for each year of the window is
displayed as a vertical line on which symbols des-
ignate the 95 %, 99 %, and 99.9% confidence in-
tervals. All tables can be imported into a spread-
sheet or graphics program.

SUMMARY

Many agencies currently wish to reintroduce fire
back into areas where fire has long been excluded

due to effective fire suppression. This restoration
is designed primarily to prevent the catastrophic,
high intensity fires that have become more com-
mon now than the low- intensity surface fires that
occurred prior to widespread Euro- American set-
tlement (Swetnam 1990). Restoration of fire, how-
ever, is challenging because the historical range of
variation in fire frequency for many areas is not
well known. In addition, fire management is fur-
ther complicated by sites with complex geology,
diverse habitat types and ecotonal boundaries, and
various human -related factors (e.g. grazing, log-
ging, road construction, and fire suppression) that
influence the landscape.

Temporal and spatial aspects of past history can
be documented by analyses of fire scars embedded
within the annual rings of trees, but these analyses
generate large volumes of data. FHX2 provides an
efficient means for entering, analyzing, and ar-
chiving of fire history information derived from
tree -ring data. The program combines graphical
techniques and statistical analyses that together
help clarify properties of fire regimes as they ex-
isted prior to human interference. The documen-
tation of these properties provides critical infor-
mation on the range of natural variation in fire
regimes, information that is useful when designing
and implementing fire management plans and pol-
icies. The use of FHX2 can help document and
model the frequency of past wildfires, delimit crit-
ical threshold fire intervals that indicate severe fire
hazard, and analyze the spatial properties of past
fires.

ACKNOWLEDGMENTS

The SEA Module in FHX2 was written and con-
tributed by Richard L. Holmes of the Laboratory
of Tree -Ring Research (LTRR), The University of
Arizona, based on routines developed by Thomas
W. Swetnam of the LTRR. The FHX2 system uses
Weibull fitting algorithms kindly supplied by Ber-
nie Parresol of the Southern Research Station,
USDA Forest Service, in New Orleans, Louisiana.
Sofia Vasina of the LTRR helped incorporate these
routines for use in the FHX2 system. Development
of the FHX2 system benefited from the many sug-
gestions provided by Craig Allen, Chris Baisan,



FHX2 Software 123

Tony Caprio, Linda Mutch, Tom Swetnam, Ramzi
Touchan, and especially Kiyomi Morino.

REFERENCES CITED

Baisan, C. H., and T. W. Swetnam
1990 Fire history on a desert mountain range: Rincon

Mountain Wilderness, Arizona, U.S.A. Canadian
Journal of Forest Research 20:1559 -1569.

1997 Interactions of Fire Regimes and Land Use in the
Central Rio Grande Valley. USDA Forest Service
Research Paper RM -RP-330; 20 pp.

Brown, P. M., and C. H. Sieg
1999 Historical variability in fire at the ponderosa pine -

Northern Great Plains prairie ecotone. southeastern
Black Hills, South Dakota. Ecoscience 6(4):539 -547.

Brown, R M., M. G. Ryan, and T. G. Andrews
2000 Historical surface fire frequency in ponderosa pine

stands in research natural areas, central Rocky Moun-
tains and Black Hills, USA. Natural Areas Journal
20:133 -139.

Cooper, C. F.
1961 Changes in vegetation, structure, and growth of

Southwestern pine forests since white settlement.
Ecological Monographs 30:129 -164.

Covington, W. W., and M. M. Moore
1994 Southwestern ponderosa forest structure: changes

since Euro- American settlement. Journal of Forestry
92:39 -47.

Dieterich, J. H.
1980 The composite fire interval -a tool for more accurate

interpretation of fire history. In Proceedings of the
Fire History Workshop, edited by M. A. Stokes and
J. H. Dieterich, pp. 8 -12. USDA Forest Service Gen-
eral Technical Report RM -81.

Dey, D. C., and R. E Guyette
2000 Anthropogenic fire history and red oak forests in

south -central Ontario. The Forestry Chronicle 76(2):
339 -347.

Downie. N. M., and R. W. Heath
1959 Basic Statistical Methods. Harper and Brothers Pub-

lishers, New York; 289 pp.
Everett, R. L., R. Schellhaas, D. Keenum, D, Spurbeck, and P.
Ohlson

2000 Fire history in the ponderosa pine /Douglas -fir forests
on the east slope of the Washington Cascades. Forest
Ecology and Management 129:207 -225.

Fuld, P. Z., W. W Covington, and M. M. Moore
1997 Determining reference conditions for ecosystem

management of Southwestern ponderosa pine forests.
Ecological Applications 7:895 -908.

Grissino- Mayer, H. D.
1995 Tree -Ring Reconstructions of Climate and Fire His -

tory at El Malpais National Monument, New Mexico.
Ph.D. dissertation, The University of Arizona, Tuc-
son, Arizona; 407 pp.

1999 Modeling fire interval data from the American South-

west with the Weibull distribution. International
Journal of Wildland Fire 9(1):37 -50.

Grissino- Mayer, H. D., C. H. Baisan, and T. W. Swetnam
1995 Fire history in the Pinalefio Mountains of southeast-

ern Arizona: Effects of human -related disturbances.
In Biodiversity and Management of the Madrean Ar-
chipelago: The Sky Islands of Southwestern United
States and Northwestern Mexico, edited by L. E De-
bano, G. J. Gottfried, R. H. Hamre, C. B. Edminster,
P. E Ffolliott, and A. Ortega- Rubio, pp. 399 -407.
USDA Forest Service, General Technical Report
RM- GTR -264.

Grissino- Mayer, H. D., and T. W. Swetnam
1995 Effects of habitat diversity on fire regimes in El Mal -

pais National Monument, New Mexico. In Proceed-
ings: Symposium on Fire in Wilderness and Park
Management, edited by J. K. Brown, R. W. Mutch,
C. W. Spoon, and R. H. Wakimoto, pp. 195 -200.
USDA Forest Service, General Technical Report
INT- GTR -320.

2000 Century -scale climate forcing of fire regimes in the
American Southwest. The Holocene 10(2):213 -220.

Guyette, R. P., and D. C. Dey
1995 A Presettlement Fire History in an Oak -Pine Forest

near Basin Lake, Algonquin Park, Ontario. Ontario
Forestry Research Institute Forest Research Report
132; 7 pp.

Hubalek, Z.
1982 Coefficients of association and similarity, based on

binary (presence- absence) data: an evaluation. Bio-
logical Review 57:669 -689.

Johnson, E. A., and K. Miyanishi
1991 Fire and population dynamics of lodgepole pine and

Engelmann spruce forests in the southern Canadian
Rockies. In Coniferous Forest Ecology from an In-
ternational Perspective, edited by N. Nakagoshi and
E B. Golley, SPB Academic Publishing, The Hague,
The Netherlands; pp. 77 -91.

Johnson, E. A., and C. E. Van Wagner
1985 The theory and use of two fire history models. Ca-

nadian Journal of Forest Research 15:214 -220.
Kilgore, B. M., and D. Taylor

1979 Fire history of a sequoia -mixed conifer forest. Ecol-
ogy, 60:129 -142.

Lehtonen, H., and P Huttunen
1997 History of forest fires in eastern Finland from the

fifteenth century AD -the possible effects of slash -
and -burn cultivation. The Holocene 7(2):223 -228.

Lehtonen, H., P. Huttunen, and P. Zetterberg
1996 Influence of man on forest fire frequency in North

Karelia, Finland, as evidenced by fire scars on Scots
pine. Annales Botanici Fennici 33:257 -263.

Ludwig, J. A., and J. E Reynolds
1988 Statistical Ecology. John Wiley and Sons. New York;

337 pp.
McCord, V. A. S.

1996 Flood history reconstruction in Frijoles Canyon using
flood -scarred trees. In Fire Effects in Southwestern



124 GRISSINO -MAYER

Forests: Proceedings of the Second La Mesa Fire
Symposium, edited by C. D. Allen, pp. 33 -46. USDA
Forest Service General Technical Report RM -GTR-
286.

Mooney, C. Z., and R. D. Duval
1990 Bootstrapping: A Nonparametric Approach to Statis-

tical Inference. Sage University Paper Series on
Quantitative Applications in the Social Sciences 07-
095, Newbury Park, CA; 73 pp.

Morino, K. A.
1996 Reconstruction and Interpretation of Historical Pat-

terns of Fire Occurrence in the Organ Mountains,
New Mexico. M.S. thesis, The University of Arizona,
Tucson. 144 pp.

Ortloff, W., J. G. Goldammer, F. H. Schweingruber, and T. W.
Swetnam

1995 Jahrringanalytische Untersuchungen zur Feuerge-
schichte eines Bestandes von Pinus ponderosa
Dougl. ex Laws. in den Santa Rita Mountains, Ari-
zona, USA. Forstarchiv 66:206 -214.

Romme, W R.
1980 Fire history terminology- report of the ad hoc com-

mittee. In Proceedings of the Fire History Workshop,
edited by M. A. Stokes and J. H. Dieterich, pp. 135-
137. USDA Forest Service General Technical Report
RM -81.

Sutherland. E. K.
1997 History of fire in a southern Ohio second- growth

mixed -oak forest. In Proceedings, 11th Central
Hardwood Forest Conference, edited by S. G. Pal -
lardy, R. A. Cecich, H. E. Garrett, and P. S. Johnson,
pp. 172 -183. USDA Forest Service General Tech-
nical Report NC -I88.

Swetnam, T. W.
1990 Fire history and climate in the Southwestern United

States. ln Effects of Fire Management of Southwest-
ern Natural Resources, edited by J. S. Krammes, pp.
6-17. USDA Forest Service General Technical Re-
port RM -191.

1993 Fire history and climate change in giant sequoia
groves. Science 262:885 -889.

Swetnam, T. W., and C. H. Baisan
1996 Historical fire regime patterns in the Southwestern

United States since AD 1700. In Fire Effects in
Southwestern Forests: Proceedings of the Second La
Mesa Fire Symposium, edited by C. D. Allen, pp. 11-
32. USDA Forest Service General Technical Report
RM- GTR -286.

Swetnam, T. W, and J. L. Betancourt
1998 Mesoscale disturbance and ecological response to de-

cadal climatic variability in the American Southwest.
Journal of Climate 11:3128 -3147.

Touchan, R., C. D. Allen, and T. W Swetnam
1996 Fire history and climatic patterns in ponderosa pine

and mixed -conifer forests of the Jemez Mountains,
northern New Mexico. In Fire Effects in Southwest-
ern Forests: Proceedings of the Second La Mesa Fire
Symposium, pp. 33 -46. USDA Forest Service Gen-
eral Technical Report RM- GTR -286.

Veblen, T. T, T Kitzberger, and J. Donnegan
2000 Climatic and human influences on fire regimes in

ponderosa pine forests in the Colorado Front Range.
Ecological Applications 10(4):1178 -1195.

Weaver, H.
1951 Fire as an ecological factor in the southwestern pon-

derosa pine forests. Journal of Forestry 49:93 -98.
Wolf, J. J., and J. N. Mast

1998 Fire history of mixed -conifer forests on the North
Rim, Grand Canyon National Park, Arizona. Physical
Geography 19(1):1 -14.

Wright, C. S.
1996 Fire History of the Teanaway River Drainage, Wash-

ington. M.S. thesis, The University of Washington;
190 pp.

Zackrisson, O.
1977 Influence of forest fires on the north Swedish boreal

forest. Oikos 29:22 -32.

Received 9/13/98; accepted 1/2/01.


