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Fire plays a number of crucial roles
in many forests (Johnson 1992, Agee
1993, Whelan 1995, Parminter 1998).
Thus, a good understanding of his-
torical fire regimes is an essential
precondition for understanding fire–
ecosystem interactions (Heinselman
1973, Madany and West 1983,
Romme and Despain 1989, Johnson
et al. 1990, Swetnam 1993), and for
developing successful ecosystem-
based management strategies (Agee
and Johnson 1988, Baker 1989b,
Hunter 1993, Swanson et al. 1993,
Arno 1995, British Columbia Minis-
try of Forests 1995, Bunnell 1995,
Johnson et al. 1995, DeLong and
Tanner 1996, Fule et al. 1997,
Lertzman et al. 1997). Fire frequency

is an important parameter for charac-
terizing fire regimes, but because
the quantity and quality of evidence
of historical fires is usually very lim-
ited, estimating the historical fre-
quency of fire often requires fairly
sophisticated data modeling and
statistical analysis. In addition, the
types of fire evidence available to a
researcher differ between ecosys-
tems, so  various methods have been
proposed and applied to this problem
(Heinselman 1973, Arno and Sneck
1977, Van Wagner 1978, Dietrich
1980, Hemstrom and Franklin 1982,
Arno and Petersen 1983, Baker
1989a, Clark 1989, Johnson and
Gutsell 1994, Finney 1995, Grissino-
Mayer 1995, Heyerdahl 1997, Reed
et al. 1998). The variety and com-
plexity of approaches taken in differ-
ent studies can make it difficult to
learn to correctly apply and interpret
fire frequency analyses. Furthermore,
the methods that are applied often
make subtle or implicit assumptions
that can easily lead to misunderstand-
ing. It is important to address these
problems because the historical fre-
quency of fire is being used to guide
forest management policies on the
amount and pattern of forest harvest,
and seral stage distributions required
to meet biodiversity objectives (e.g.,
British Columbia Ministry of Forests
1995). In such cases, it is critical that
nonspecialists be able to assess and
interpret the models and methods
used in reconstructions of historical
fire frequency.

In this note, we describe an inter-
active tutorial on fire frequency analy-
sis, composed of a set of hyperlinked
spreadsheet documents, programmed in
Excel for Windows. This format allows
us to present complete working ex-
amples of how each method is applied,
using a sample data set. The reader is
given opportunities to interact with
each example, and can directly access
all the formulae that are used in each
calculation. This presentation makes
the application of the method to a
data set more transparent. Many of
the example spreadsheets may also be
suitable as templates for analysis of
other fire history data sets. These fea-
tures help one to gain a more thorough
understanding of the subject material
than is possible from reading papers
alone. The tutorial is available  at
<www.rem.sfu.ca/forestry/download/
download.htm> (or contact the authors).
Version 1.3 is still available; it runs
under earlier versions of Excel (5.0 or
later). However, the latest release,
version 3.0, is recommended because
it is substantially improved and has
several additional modules. Version 3.0
requires Excel 97 or later.

Motivation and scope
We have three primary objectives

for this tutorial:
•  to review the published fire his-

tory literature and determine the meth-
ods, underlying models, and calcula-
tions commonly used to estimate his-
torical fire frequency from tree-ring
evidence;
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•  to identify the statistical and
ecological assumptions and interpre-
tations being made in these fire fre-
quency reconstructions; and

•  to synthesize and convey this
material in a format that will help
nonspecialists to understand what has
been done, how it was done, and why
it was done that way.

The scope of this tutorial is lim-
ited to the statistical analysis of fire
occurrence data. Thus, the tutorial is
not intended to equip people with all
the tools they would require to under-
take a fire frequency analysis. It is
also important to note that this tuto-
rial does not advocate any particular
method, nor does it propose novel
approaches to fire frequency recon-
struction. It is a review of published
material intended to aid comprehen-
sion of that material.

Overview of the interactive fire
frequency tutorial

The tutorial begins with some ba-
sic definitions and an introduction
to the concept of fire frequency.
This portion of the tutorial is in-
tended to give the reader a basic un-
derstanding of how the occurrence of
fire over time translates into fire
frequency. It covers the types of evi-
dence typically employed in analy-
ses of fire frequency, along with a
description of how these data are
used to build models of fire fre-
quency. The introduction also includes
a glossary of commonly used termi-
nology and a bibliography, which
serves as an introduction to the lit-
erature on fire frequency reconstruc-
tion. In addition, a complete “map” of
the tutorial allows the reader to jump
directly to any page (Fig. 1). The pri-

mary subject material is structured
as a set of modules, each focusing on
a particular model or method used in
fire frequency analyses (e.g., Fig. 2).

The natural fire rotation
The first method module covers

the Natural Fire Rotation (NFR)
method, as presented by Heinselman
(1973). Heinselman’s data for the
Boundary Waters Canoe Area are pre-
sented and used to demonstrate how
the NFR is computed. The reader can
manipulate the model parameters to
compute the NFR over different time
periods.

The Poisson model
The next module introduces a

Poisson model of fire occurrence. It
describes the underlying assumptions
of the Poisson process and explains

Fig. 1. The tutorial map. From this page, the reader can jump directly to any other page in the tutorial.
(Although the figures are in gray-scale, the actual tutorial uses color to aid navigation.)
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why this model is so important for
fire frequency analysis. Two interac-
tive pages allow the reader to manipu-
late a random Poisson process, which
represents the occurrence of fire over
space or time. These data are then
transformed into a measure of fre-
quency to demonstrate the relation-
ship between the Poisson process as a
model of fire occurrence, and the
computation of fire frequency.

Fire frequency models
This module is a special tutorial

on fire frequency models. It thor-
oughly investigates the negative ex-
ponential and Weibull models, in-
cluding a general overview of these
models, in addition to detailed sec-
tions that allow the reader to interact
with the model equations and graphs

to see the effect of changing the
model parameters.

The mean fire interval
This module examines methods

for computing fire frequency from
fire interval data. We present and ana-
lyze a data set from Dugout Creek, Or-
egon (Heyerdahl 1997). A simple com-
putation of the Mean Fire Return In-
terval is followed by a more sophisti-
cated analysis of the fire interval dis-
tribution (Fig. 2). This module shows
how two legitimate estimates of fire
frequency can be derived from the
same data set using different methods.
This module includes a submodule
that demonstrates the scale-dependent
properties of fire interval data, and
gives some advice on avoiding bias in
analyses based on fire interval data.

The fire cycle
Two methods modules present

fire cycle analyses using the negative
exponential model on the same time-
since-fire data set. The first of these
covers the method developed by Van
Wagner (1978) and refined by
Johnson and Gutsell (1994). It fits a
negative exponential model to the
empirical cumulative time-since-fire
distribution to estimate fire frequency.
This module is presented to develop
the underlying concept behind the
analysis of time-since-fire data. How-
ever, the techniques used by this first
method have been superseded by the
more statistically rigorous method of
Reed et al. (1998). This method is
covered by the second fire cycle mod-
ule, which presents all the calcula-
tions required to obtain maximum like-

Fig. 2. The "model" page from the Fire Interval method module. This figure shows an example of the layout used to present a
concept in the tutorial, in this case, fitting a fire frequency model to a fire interval distribution.
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lihood estimates and confidence inter-
vals for fire frequency, along with a
test to assess the statistical significance
of temporal changes in fire frequency.
This particular module is designed to
be very flexible, and provides ample
opportunity for users to interact with
the data set, define different epochs,
and change the data set to analyze
other time-since-fire data sets. All
methods modules contain a discussion
of their assumptions and limitations.

A simulation modeling toolkit
Finally, a newly developed set of

fire frequency simulation tools has
been added to the tutorial. This pack-
age is included with version 3.0, and
is also available separately. Two tools
are provided for specifying and run-
ning a variety of simple, aspatial
simulation models of fire frequency.
These are very useful for extending
the reader’s understanding of statisti-
cal fire frequency models and explor-
ing the consequences of various as-
sumptions made by these models. The

“Statistical Simulations” tool (Fig. 3)
runs simulations of the type of statis-
tical models of fire frequency re-
viewed by Johnson and Gutsell (1994).
The Weibull model on this page is
similar to the “fire cycle game” origi-
nally proposed by Van Wagner (1978).
The “REFR Simulations” tool pro-
duces stochastic simulation models
by using probability density functions
to represent the distribution of fire
sizes, and the timing between fire
events. This tool can be used to pro-
duce aspatial versions of models
similar to those employed by Baker
(1989a), Lertzman et al. (1998), and
Fall (1998). It includes a set of pre-
packaged model scenarios represent-
ing the ideas presented in these pub-
lished studies, in addition to a flexible
set of parameters that allow the user
to create a customized simulation
model for their own fire history data.
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