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COST-EFFECTIVE WILDERNESS FIRE MANAGEMENT:
A CASE STUDY IN SOUTHERN CALIFORNIA

Christian A. Childers and Douglas D. Piirto'

Abstract—Federal wilderness fire management policies have been scrutinizedsince the catastrophic fires in
the Greater Yellowstone Area in 1988. While wilderness fire management objectives are still aimed at
recreating natural fire regimes, all USDA Forest Service fire management programs must be cost-effective.
Since current Forest Service economic analyses do not fully represent the value of fire to wilderness, a
cost-effectivencss analysis was developed to compare wilderness fire management options. The analytical
procedure is briefly reviewed, illustrated through a southern California case study and casc study resuits are

discussed. These results suggest that containment of some fires may be more cost-effective than current

control-oriented practices.

Federal wilderness fire management policies have been
scrutinized since the catastrophic fires in the Greater
Yellowstone Area in 1988. Catastrophic,in this context, is a
fire of any size that results in excessive resource damage,
excessive suppression costs, excessive damage to private
inholdings, or loss of life (Savcland 1986). No lives were
lost in Yellowstonc and many have argued the benefits, rather
than damages, of these fires to the Yellowstone ecosystems,
but private lands were damaged and suppression costs werc
excessive (US Senate 1988). While wilderness firc
management objectives are still aimed at recreating natural
fire regimes, all Forest Service fire management programs
must be cost-effective. 1f these objectives were difficult to
implement in Yellowstone, they will be even more so in
southern California, where chaparral covered wilderness areas
are often surrounded by high valued private property and
improvements. The Forest Service’s range of options to meet
these objectives include the use of appropriate suppression
responses and prescribed fire.

Prescribed fires can take two forms: pfescribcd natural fires
and management ignited prescribed fires (USDA Forest
Service 1989). All prescribed fires are monitored and
managed through the use of detailed burn plans (USDA Forest
Service 1989). Theoretically, the only difference between the
two forms of prescribed fire is the source of the ignition, but
the timing of the fires is also often different. Prescribed
natural fires are naturally occurring unplanned ignitions
usually caused by infrequent summer or fall lightning storms.
Management ignited prescribed fires are ignited by Forest
Service personnel on their own time schedule when burning
conditions and resource availabilities are optimal (usually late
fall, winter, or spring in southern California).

IGraduate Research Assistant and Professor, respectively, Natursl
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Any fire not classified as a prescribed fire is a wildfire and
must receive an appropriate suppression response. These
responses range from intensive suppression efforts aimed at
kecping the fire as small as possible (a control response) to
containment or confinement responses. Containment means
surrounding a fire with minimal control lines and utilizing
natural barriers to stop its spread. Confinement means
limiting a fire’s spread to a predetermined area principally
using natural barriers, preconstructed barriers, or
environmental conditions (USDA Forest Service 1989).

A cost-effectiveness analysis has been developed to compare
these options for wilderness fire management programs
(Childers and Piirto 1989). In this analysis, approximating
the average annual burned area of the natural fire regime is
defined as the objective, fire gaming is used to develop
representative fire costs and sizes, and decision trees are used
to develop expected annual cost and burned area values for a
range of fire management alternatives. This paper briefly
reviews the analytical procedure, illustrates the procedure
through a southern California case study (two contiguous
wilderness areas on Los Padres National Forest, Santa
Barbara, CA.), and discusses the case study results.

THE STUDY AREA

Our case study area comprises 231,500 acres of the Dick
Smith and San Rafael Wilderness Areas on Los Padres
National Forest (fig. 1). The vegetation of this area is
predominantly chaparral brush species, including chamise
(Adenostoma fasciculatum), assorted ceanothus and manzanita
species (Ceanothus spp. and Arctostaphylos spp.), two types
of scrub oak (Quercus dumosa and Q. turbinella) and several
other pyrophytic shrubs. The chaparral intergrades

with coast live oak (Quercus agrifolia) in some riparian areas,
big cone Douglas fir (Psuedotsuga macrocarpa) and digger
pine (Pinus sabiniana) on some north slopes, and a variety of
other pines at higher elevations. Fire is a natural component
of all of these ecosystems.
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Figure 1--Los Padres National Forest, with the Dick Smith and San Rafael Wilderness Areas highlighted

COST-EFFECTIVENESS ANALYSIS

Most Forest Service economic analyses use cost-benefit
models. For example, economic analysis of forest level fire
management programs is based on the Cost Plus Net Value
Change (C + NVC) model (USDA Forest Service 1987). C
+ NVC computes the sum of program costs and the
quantifiable (in monetary terms) effects of fire on resource
values. To be efficient, these cost-benefit analyses must
include the effects of fire on all relevant resources. C +
NVC models currently include fire effect values for many
primary forest resources such as timber, minerals, and forage,
and many wilderness outputs such as water, fish and wildlife
(measured in numbers of visits by hunters and fishermen),
and recreational use (USDA Forest Service 1987). Fire’s
effects on these resources can be and usually is much different
than its effects on a wilderness ecosystem. Since the primary
economic value of wilderness remains undefined, fire’s effects
on wilderness also remain undefined. A cost-benefit analysis
which does not include all of the relevant costs and benefits
will be incomplete, and often misleading (Williams 1973).
Therefore, analyses based solely on C + NVC models are
inadequate for wilderness fire management planning.
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Saveland (1986) avoided this C + NVC problem in a
cost-effectiveness comparison of fire management options for
the Frank Church-River of No Return Wilderness Area. In
his Analysis, the costs of each alternative were the expected
annual suppression costs. "Effectiveness” was the
approximation of the average "natural” annual burned area
based on what fire history studies revealed. Saveland (1986)
justified this well: Plant communities require a certain amount
of fire, just as they require a certain amount of
precipitation... Altering the average annual burned area would
be like altering the average annual rainfall. Though
Saveland’s analysis involved a different fire regime and
setting, his definitions and much of his methodology are
appropriate for southern California’s chaparral.

Cost-effectiveness analysis (CEA), in its truest form,
compares the costs of different alternatives, where each
alternative will meet the desired objectives, or have the same
effects. A CEA has five key elements: the objective; the
alternatives; the costs; the model; and a criterion for ranking
the alternatives (Quade 1967).



The Objective

The most important, and often the most difficult, step in CEA
is a clear definition of the goals or the objectives. Public
policy usually includes several goals or objectives and these
are often conflicting (Quade 1982). Forest Service Policy is
no exception. The Forest Service Manual (USDA Forest
Service 1986) defines two objectives for wilderness fire
management:

1. (to) permit lightning caused fires to play, as nearly as
possible, their natural ecological role in wilderness;

2. (to) reduce to an acceptable level, the risks and
consequences of wildfire within wilderness or escaping from
wilderness.

The value of fire playing its natural ecological role is
currently unquantifiable in monetary terms; thus, it is not
included in Forest Service economic evaluations. The
consequences of fire are more straight forward. They include
resource and property damage and suppression costs. Risk,
while also difficult to quantify monetarily, is the probability
of a fire resulting in excessive resource damages or
suppression costs. Current Los Padres National Forest fire
management plans stress the second objective (reducing the
risks and consequences); proposed wildfire responses are
suppression intensive (control and contain strategies) and no
wilderness prescribed fires have been planned. The Forest's
current wilderness fire management objective might be to
respond to and suppress each ignition at minimal cost,
regardless of annual burned area. If we are interested in
allowing lightning fire to play its natural role, this must be
included in the analysis. Our redefined objective might then
be to recreate the natural fire regime at minimal cost.

To further define this objective, we need to look at the natural
fire return interval. By defining the maximum time interval
between fires, we can determine the minimal average annual
burned area required to recreate the natural fire regime.
Research suggests that the area’s chaparral historically burned
every 30 years (Byme 1979, Minnich 1983). Los Padres
National Forest fire records (1911-1987) suggest that the
chaparral burns every 45 years (USDA Forest Service 1988).
Forty-five years probably represents the maximum fire return
interval since these records were taken while all fires were
being actively suppressed. Using the 45-year return interval,
an average of over 5,000 acres of the 231,500-acre study area
would have to burn annually. It is important to note that this
5000-acre average is a long-term objective, not an annual
goal. In some years, 20,000-30,000 acres might burn while
in other years no prescribed fires will be implemented (just as
lightning strikes frequently in some years, while no lightning
activity occurs in other years).

The Alternatives
Four alternatives were chosen for the Los Padres CEA.

1. Alternative 1 is the Forest Service’s past policy: Control
all wildfires regardless of cause, and attempt to meet annual
burned area objectives through prescribed burning.

2. Alternative 2 is the fire management strategy proposed in
the Los Padres’ Land Management Plan: Contain all fires
which occur under low intensity and control all moderate to
high intensity fires, while pursuing an active prescribed
burning program.

3. Alternative 3 (the Confinement Alternative): Confine all
low intensity starts, contain moderate to high intensity starts,
and control only the starts which occur under extreme fire
weather conditions (augmented by prescribed buming as
necded).

4. Alternative 4 (the Prescribed Natural Fire Altci’native):
The same as Alternative 3, with the addition of an approved
plan for prescribed natural fire management.

The Costs
Only the relevant variable costs should be included in a CEA

(Quade 1982).

Fixed costs--those that remain the same for each
alternative--should not be included. For this analysis, fixed
costs include fire suppression equipment, suppression manning
levels, and fire management personnel, because these
forestwide resource level requirements are based on over 100
fires a year and an average of less than two ignitions oceur
annually in the ease study area. The variable costs that must
be considered are annual suppression costs, prescribed ﬁrv
costs, and NVCs for fires originating in the study arca.

The Model

A model is a simplified representation of the real world which
includes all of the relevant features (Quade 1967). Decision
trees can be used to evaluate alternative fire management
programs in the face of uncertainties about future fire
occurrences, weather, behavior, and sizes (Hirsch and others
1981). Decision trees are used to develop expected values.
Expected values are probability weighted averages of all
possible outcomes. Expected values are not predictions of
actual future costs due to the many variables involved in
wildland fires; they provide relative values for comparison.
For our analysis, decision tree probabilities were derived
from fire history records. The range of cost and burned area
values were developed through fire gaming since no Ahistoric
or comparable fire history records were available for '
containment, confinement, or prescribed natural fire responses
(Childers and Piirto 1989).
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A decision tree must be completed for each alternative, using
the same probabilities but with different suppression responses
and thus different cost and burned area values. The
probabilities for each branch of the trees were calculated from
the 25-year (1963-87) fire history of the San Rafael and Dick
Smith Wilderness Areas (Childers and Piirto 1989). The
decision tree for Alternative 4 of the Los Padres study (fig. 2)
illustrates the values and probabilities which were developed
for our CEA. Alternative 4's decision tree is presented since
it is the most complex decision tree (this is the only
alternative in which strategy is not solely based on weather

pattern).

Fire gaming is the prediction of representative fire sizes by
fire management professionals. Predictions are based on the
interactions of estimated fire behavior conditions and given
suppression force responses (Harrod and Smith 1983). Our
gamers included the fire management personnel from the
Forest Supervisor's Office and from each of the three ranger
districts responsible for the case study area. The “games”
consisted of first mapping an overlay of the frec-burning fire
spread (without any suppression efforts) for a series of time
periods. Four weather patterns were mapped at each location
and these "fires” were then controlled, contained, confined
and managed as prescribed natural fires to develop the cost
and burned area values needed to fill in each decision tree.
Net Resource Value Changes (NVCs) were calculated using
the Forest’s 1988 NVC values based on acreage burncd by
intensity level in each watershed (Childers 1991).

Table 1--Final size and cost figures for gamed fires.

Management ignited prescribed fire costs were subjectively
estimated at $50 per acre by the gamers and by the Santa
Barbara Ranger District’s Fuels Management Staff. This is
more expensive than most recent prescribed fires adjacent to
the case study wilderness areas, but initial wilderness
prescribed fires will probably be expensive due to the age and
continuity of the fuelbeds, remoteness of the fires, and
limitations on control lines and the use of mechanized
cquipment in wilderness.

A Criterion

The criterion for ranking alternatives depends on the agency’s
goals and objectives. Many different rankings are possible.
For this analysis, we defined our objective as the recreation
of the natural fire regime at minimal cost. Given current
budgetary constraints, minimizing costs regardless of burned
area might be the agency’s actual objective. The sources of
proposed expenditures (i.¢., forest fire fighting funds vs.
program or budgeted dollars) might be important
considerations. Risk is also a concern. Finally, the ignition
source and timing of the fires might be important to
prescribed fire planners. Therefore, all of this information
must be provided.

RESULTS

Four weather patterns were gamed at each of four fire
locations: the first set at representative fire location (RL) 1,
the second at RL 2, the third at RL 3, and the fourth set
under double ignition conditions (two fires occurring
simultaneously) using RLs 2 and 4 (Childers 1991). The
results of these games are presented in table 1. These values

CONTROL CONTAIN CONFINE Rx Natural Fire
Size Cost Size Cost Size Cost Size Cost
(acres) (3$) (acres) %) (acres) () (acres) ($)

Representative Fire Game 1

Weather Pattern A 0.5 7,693 0.5 5,113 4.0 3,095 4.0 3,689

Weather Pattern B 2.0 7,900 2.0 4,722 450.0 6,530 450.0 6,941

Weather Pattern C 120.0 84,592 265.0 51,730 (not gamed) (not gamed)

weather Pattern D 40.0 36,989 390.0 41,403 (not gamed) (not gamed)
Representative Fire Game 2

Weather Pattern A 0.3 3,129 0.3 2,756 3.0 2,887 740.0 47,814

Weather Pattern B 70.0 40,498 780.0 47,792  1,950.0 163,384 1,965.0 182,254

Weather Pattern C 145.0 86,604 780.0 93,335 (not gamed) (not gamed)

Weather Pattern D 1,090.0 366,894 4,200.0 527,336 (not gamed) (not gamed)
Representative Fire Game 3

Weather Pattern A 0.1 8,415 0.1 4,427 0.1 2,525 0.1 4,821

Weather Pattern B 0.1 7,541 0.1 4,896 0.1 401 833.0 110,546

Weather Pattern C 5.0 18,249 10.0 9,029 40.0 17,807 835.0 88,639

Weather Pattern D 500.0 370,193 2,600.0 910,362 (not gamed) (not gamed)
Representative Fire Game 4

Weather Pattern A 0.5 3,275 0.5 2,903 5.0 3,475 740.0 48,227

Weather Pattern B 75.0 44,518 785.0 61,549 1,955.0 167,088 1,970.0 183,371

Weather Pattern C 310.0 136,861 800.0 98,496 (not gamed) (not gamed)

Weather Pattern D 2,260.0 851,674 2,800.0 973,519 (not_gamed) (not_gamed)
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were then run through the appropriate alternatives’ decision
trees (as per Childers and Piirto 1989) and expected values
for average annual suppression costs, burned area, and NVCs
were calculated for each decision tree. These results are
presented in table 2.

Table 3 includes a breakdown of annual suppression costs and
acreage into prescribed fire and forest fire fighting (FFF)
costs. - Table 3 also illustrates the prescribed burn acreage and
costs that would be required to meet our 5,000-acre average
annual burned area objective under each alternative. All cost
values are presented in 1988 dollars.

DISCUSSION

One of the most obvious observations from the decision tree
results (table 2) and the total cost of implementing each
alternative (table 3) is that alternatives 1 and 2 are very

similar, as are alternatives 3 and 4. This can be attributed to
the similarity of the containment and contro}l responses and
the confinement and prescribed natural fire responses as they
were used on many of the gamed fires. One gamer concluded
that they were still "fighting" the fires, even under the
prescribed natural fire responses. For example, the actual
dispatch cards of initial attack resources were used to
determine who would respond to each fire under both
containment and control; thus, many of the same resources
were used on both of these strategies. The run cards were
heavily modified for confinement and prescribed natural fire
responses, but the objectives of these two were often similar.
Once these strategies have been implemented, familiarity with
appropriate suppression responses and pre-approved
prescribed fire burn plans should lead to greater differences in
their results. Despite the similarities, these results do provide
some valuable information for the decisionmaker.

Table 2--Average annual wildfire and prescribed natural fire cost, cost and
San Rafael Wilderness Areas highlighted per acre managed, average annual
burned area, and average annual cost per area burned for four alternative

fire management programs for the Dick Figure 2--The decision tree for
Alternative 4 Smith and San Rafael Wilderness Areas

Average Average
annual annual
Average Cost per burned cost per
annual acre area burned
cost managed (acres) acre

Historical 5000+
Alternative 1 $197,611 $0.85 394.8 $500.53
Alternative 2 $195,474 $0.84 447.2 $437.11
Alternative 3 $334,773 $1.45 1,580.0 $211.88
Alternative 4 $341,586 $1.48 1,658.8 $205.92

Table 3--Breakdown of total average annual suppression/management costs

and burned areas by source

A L T E R N A T I V E

1 2 3 4
Wildfire Acreage: 394.8 447.2 1,580.0 1,543.2
Rx Natural Fire Acreage: 0.0 0.0 0.0 115 .6
Mgt lgn Rx Fire Acreage: 4,605.2 4,552.8 3,420.0 3,341.2
F.F.F. Costs: $197,611 $195,474 $334,773 $331,140
Rx Natural Fire Costs: 0 0 0 $10,446
Mgt Ign Rx Fire Costs: $230,260 $227,640 $171,000 $167,060
Total Annual Costs: $427,871 $423,114 $505,773 $508,646
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If the agency's goal was simply to respond to and suppress or
manage each ignition at minimal cost, regardless of annual
burned area, alternative 2 would be the most cost-effective.
This result is due to the cost-saving advantages of containment
over control on most lower intensity fires and the expensive
outcomes that can result from trying to confine or manage
fires in the decadent fuelbeds.

If, however, the goal is to recreate the natural fire regime
(i.e., to meet the 5,000-acre average annual burned area), the
decision might be a little more involved. Alternative 2 would
still be the least expensive, but alternatives 3 and 4 would
require much less program or budgeted dollars to accomplish
the objective and result in much more of the acreage burning
under natural conditions (natural ignition sources and during
the natural fire season).

Containment or confinement strategies can only be used when
they are less expensive than controlling a given fire (USDA
Forest Service 1989). Table 1 shows that containment cost
Jess than control 56 percent of the times it was used and that
confinement cost less or about the same as control 78 percent
of the times it was used. This suggests that containment and
confinement are both feasible and cost-effective for our case

study area.

Risk is incorporated into the analysis through the probability
of a fire resulting in excessive resource damages or
suppression costs (e.g., fire 4D, which cost over $850,000 to
suppress regardless of the strategy used). However, none of
the confinement or prescribed natural fire responses resulted
in a catastrophic fire, and it could be argued that $953,000
(the most expensive gamed fire) is not really catastrophic
when compared to historic fires like the 1966 Wellman Fire.
The Wellman Fire burned 93,600 acres of the case study area
and cost over $6.2 million (in 1988 dollars) to suppress. But,
since the Wellman Fire occurred under extreme site-specific
weather conditions, it would receive a control response under
any alternative; and, since it became catastrophic despite
control efforts (the only possible response in 1966) it could
happen again under any alternative. The risk of another
catastrophic fire might seem greater under alternatives 3 and
4, since fires are allowed to get larger, but this is only the
short term risk factor. These alternatives would allow more
acres to burn under natural conditions, resulting in cleaner
burns than management ignited off-season fires and larger
breaks in the decadent fuelbeds, which should help to limit
the size of future fires.

SUMMARY

Developing cost-effective wilderness fire management
programs is a dilemma faced by many Forest Service land
managers. Wilderness fire management is a requirement, but
the value of fire in wilderness remains undefinable in
monetary terms so it is excluded from most Forest Service
economic analyses. Therefore, cost-effectiveness analysis,
using the recreation of the natural fire regime as the
objective, can provide important economic information.
Decision trees help us predict future fire occurrence
potentials, and intensive gaming efforts help us estimate fire
sizes and costs associated with the implementation of
appropriate suppression responses and prescribed natural
fires. Case study results suggest that appropriate suppression
responses could provide cost-effective alternatives to current
control-oriented practices. Through this extensive and
thorough cost-effectiveness analysis we can, hopefully, avoid
some of the costly mistakes of past experiences in wildemess
fire management.
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ADAPTIVE FIRE POLICY

James M. Saveland*

Abstract— Adaptive resource management is a continuous learning process in which current knowledge
always leads to further experimentation and discovery. Adaptive management evolves by learning from
mistakes. Designing adaptive management strategies involves four tasks. First, the problem must be
defined and bounded. There is growing recognition of the need to define and bound problems at the
landscape level. Second, existing knowledge must be readily accessible so that errors can be detected and
used as a basis for further learning. The current information structure supporting fire management was
designed to support the 10 a.m. policy and is inadequate to support current policy. Expert systems and
other recent developments in artificial intelligence can provide the necessary means to develop an accessible
repository of current knowledge. Third, the inherent uncertainty and risk surrounding possible future
outcomes must be displayed.- Bayesian decision analysis can be used 1o deal with uncertainty and risk.
Founth, balanced policies must be designed. These must provide for resource production and protection
while creating opportunities to develop better understanding. Signal detection theory and receiver operating
characteristic curve analysis provide tools to help design balanced policy. These concepts are illustrated by
applying them to the problems surrounding wilderness fire management and the need for long-range fire

danger information.

INTRODUCTION - SEEKING A BALANCE
The need to balance compeling and often conflicting
objectives is a problem whencver policy is being made. In
resource management, there is ofien the nced to balance
utilization with preservation. The disputes about wilderness
designation and forestry activities in spotted owl and red-
cockaded woodpecker habitats are controversies in scarch of a
balance point. Several aspects of fire management require a
balance. In wilderness firc management, the role of fire in
perpetuating disturbance rcgimes in near-natural landscapes
must be balanced with the necessity of protecting resources
that would be damaged by fire. In smoke management the
use of prescribed fire must be balanced with minimizing the
nuisance of smoke. During periods of high fire danger,
shutting down the woods to protect them must be balanced
with the need to keep the woods open for people who earn
their livelihood there. At the interface between wildland and
urban areas, it is necessary to balance the threat of wildfire
and the costs of risk-reduction measures. How should
government regulatory agencies go about determining the
balance point? And how can they describe their search for
balance and its results to affected parties?

ADAPTIVE RESOURCE MANAGEMENT
Adaptive resource management (Clark 1989, Holling 1978,
Saveland 1989, Thomas and others 1990, Walters 1986)
recognizes the fact that the knowledge we base our decisions
on is forever incomplete and almost always shrouded in
uncertainty. Management is a continual learning process that
evolves by leaming from mistakes. Several authors have
expressed the importance of learning from failure. "You have

‘Research Forester, Southeastern Forest Experiment Station, Forest
Service, U.S. Department of Agriculture, Dry Branch, GA.

to accelerate the failure rate to accelerate the success rate”
(Peters 1987). "Intelligent error needs to be tolerated.

Multitudes of bad ideas need to be floated and freely
discussed, in order to harvest a single good one” (Toffler
1990). "The willingness to risk failure is an essential
component of most successful initiatives. The unwillingness
to face the risks of failure--or an excessive zeal to avoid all
risks--is, in the end, an acceptance of mediocrity and an
abdication of leadership” (Shapiro 1990).

Designing adaptive policy involves four tasks. First, the
management problems must be defined and bounded, often in
terms of objectives and constraints. There is an increasing
awareness of the need to define resource problems from a
landscape perspective (Forman and Godron 1986, Naveh and
Lieberman 1984). With the proliferation of geographic
information systems, the importance of defining and bounding
problems at the landscape level will become even more
apparent.

Sccond, existing knowledge must be readily accessible so that
errors can be detected and used as a basis for further
learning. Walters (1986) used models to represent existing
knowledge. The field of artificial intelligence, especially
knowledge-based systems, provide additional capability to
capture knowledge (Saveland 1990).

Current fire information systems are inadequate. Most, if not
all, fire information systems were designed to support the 10
a.m. policy and do not adequately deal with the complexities
of modern fire management. Fire occurrence reports track
the efficiency of the suppression effort. When policy was
changed to allow prescribed natural fires, only half of the fire
occurrence report form for the Forest Service had to be filled
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out for these fires. These reports provide almost no useful
historical information for managing wilderness and park fire
management programs. In addition, adequate cost data is
severely lacking, preventing useful economic analysis.
Structure and site characteristics in the wildland urban
interface are not recorded, preventing analysis of structure
losses. The national weather data library is known for its
missing and questionable data. Currently, there are no links
between national fire occurrence databases and fire weather
databases. Entrepreneurial fire managers have been able to
download the data into relational databases to conduct
analysis. In addition, there are plans to convert the national
databases into a relational form. Forest Service fire
occurrence data resides in Fort Collins while Park Service
data resides in Boise in different formats, further complicating
the sharing of data and historical analysis. Prescribed burn
plans exist in paper copy or as a word processing document
on a computer, the vast historical information largely
inaccessible, tucked away in personal file cabinets. The
collapse of wildemess and park fire management during the
summer of 1988 was not so much a failure of policy as a
reflection of an outdated information system’s inadequacy to
support fire management decisions in today’s complex world.
Information needs analysis have been conducted recently and
the situation is rapidly changing for the better. In addition
the coming explosion of GIS technology, with the shortage of
spatial data, will improve the situation dramatically.

Third, uncertainty and its propagation through time in relation
to management actions must be addressed. Fire managers all
too often live in a fairytale world of deterministic models that
ignore uncertainty. Bayesian decision analysis offers one
means of coming to terms with the inherent uncertainty and
risk.

Fourth, balanced policies must be designed. These must
provide for continuing resource production and protection
while simultaneously probing for more knowledge and
untested opportunity. Signal detection theory provides one
mechanism to help design balanced policies.

WILDERNESS FIRE MANAGEMENT - AN

EXAMPLE

Signal detection theory (Egan 1975, Saveland and
Neuenschwander 1990, Swets and Pickett 1982, Wilson 1987)
divides a decision problem into three parts: state of nature,
response, and outcome (fig. 1). State of nature refers to
presence or absence of a signal at the time a person makes a
response. The signal is either present or absent. Responses
are alternative actions decision makers must choose between.
Decision makers can control their response, but have no
control over the state of nature. They can respond by saying
that they detect signals or that they do not. The point where
a person switches between responding yes and responding no
is the threshold of evidence. If the signal strength is greater
than the threshold of evidence, the response is yes. If signal
strength does not reach the threshold of evidence, decision
makers will not detect the signal and the response will be no.
The threshold of evidence can be varied. As the threshold of
evidence is increased, a person is more likely to say no, thus
reducing the number of false alarms, but increasing the
number of misses. As the threshold of evidence is decreased,
a person is more likely to say yes, thus reducing the number
of misses and increasing the number of false alarms. This
inherent trade-off between misses and false alarms provides
the opportunity to find a balance point. A response combined
with a state of nature results in an outcome for which the
decision maker has some level of utility. One of the strengths
of decision theory is that it separates the decision from the
outcome.

Response

Yes

No

State of Nature

Signal Present Noise
s n
HIT FALSE ALARM
P(Y|s) P(Y|n)
MISS CORRECT REJECTION
P(N|s) P(N|n)

Figure 1.—-The signal detection paradigm.
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State of Nature

Response
Undesirable Desirable
Fire Fire
Initial HIT FALSE ALARM
Do not MISS
Initial (Yellowstone '88) | CORRECT REJECTION
Attack

Figure 2.--Signal detection for wilderness fire.

The wilderness fire decision can be divided into two responses
that combine with two states of nature to produce four
possible outcomes (fig. 2). The decision maker could choose
to suppress a fire that, had it been allowed to burn, would
have eventually exceeded acceptable conditions (i.e. become a
wildfire). This hit is a desirable outcome because money has
been saved by putting the fire out when it was small.

Second, the decision maker could choose to let such a fire
burn, in which case it would have to be put out later. This
miss is an undesirable outcome because the costs of putting
out a fire increase exponentially as the fire's size increases.

Third, the decision maker could choose to put out a fire that,
had it been allowed to burn, would not have exceeded
acceplable conditions (i.e. would have stayed within
prescription). This false alarm is an undesirable outcome
because an opportunity to allow fire to play its natural role
has been missed. Fuel management benefits are not realized,
firefighters are exposed to unnecessary risk of injury, and
unnecessary costs associated with the suppression effort are
incurred. Perhaps most important, nothing is learned. There

is no increase in knowledge. Although this block and the hit
block can be discussed conceptually, they are counterfactuals,
and there is no way to determine these blocks in reality.

Finally, the decision maker might choose to let a fire bum,
and this fire would stay within prescription. This correct
rejection is another desirable outcome. Fire is allowed to
play its natural role in maintaining various ecosystems,
benefits associated with fuel management are realized, and the
costs of fire suppression are saved.

Thus, the strategy for wilderness fire management is to allow
as many non-problem-causing fires to burn as possible. For
fires that are expected to cause problems, quick suppression
while the fire is small is necessary to minimize costs and
damages.

Long-range assessments of fire danger are key factors when
managers have to decide whether to suppress specific
wilderness fires. The fire danger prediction task can also be
put into a signal detection framework (fig. 3). When

State of Nature

Response
High Low
Danger Danger
Predict HIT FALSE ALARM
High
Predict MISS CORRECT REJECTION
Low

Figure 3.--Signal detection for long-range forecasting.
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lightning ignites fires early in the season, there must be an
assessment of what fire danger conditions are likely to evolve
later in the season.

An analytical procedure called the receiver operating
characteristic (ROC) curve is an inherent part of signal
detection theory. The ROC curve is a plot of the percentage
of hits on the Y axis against the percentage of false alarms on
the X axis (fig. 4). An ROC curve summarizes the set of 2 x
2 matrices (fig. 3) that result when the threshold of evidence
is varied continuously, from its largest possible value down to
its smallest possible value. The upper left-hand corner, where
the percentage of hits equals one and the percentage of false
alarms equals zero, represents perfect performance. The
positive diagonal, where the percentage of hits equals the
percentage of false alarms, is what would be expected based
on pure chance.

HITS
]
08 - ////
‘.\ ///
o
// ..‘,
0.6 1 //
//
//I
I/I
0.4+
/
7
/
Il
1
/I
/ =~ ROC Curve 1
e
0.2 ,,’ """ ROC Curve 2
’l’ AAAAAAAA d
’I
1 - Chance Line
0 } i f f
0] 0.2 0.4 0.6 0.8

FALSE ALARMS

Figure 4.—-Receiver operating characteristic (ROC) curves.

Various strategies can be used to select an appropriate
threshold of evidence. One such strategy, minimax, attempts
to minimize false alarms while maximizing hits.

The ROC curve has four important properties which
correspond to the four tasks required to implement adaptive
resource management. First, ROC analysis requires that the
problem be defined explicitly. In this case, it is necessary to
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say just what constitutes high fire danger and what does not.
In the example to follow, fire danger is defined in terms of
the energy release component (ERC) of the national fire
danger rating system. If the ERC at a certain date early in
the fire season exceeds a threshold (predict high fire danger)
and the ERC exceeds a critical value later in the fire season
(late-season fire danger is high), the result is a hit. If the
ERC early in the fire season exceeds a threshold but the ERC
does not exceed the critical value later on, the result is a false
alarm. Miss and correct rejection can be defined in a similar
manner. The threshold varies to display the possible trade-
offs. The critical value is site specific. The manager can
select a critical value based on past experience. For example,
noting that fires start to spread rapidly on north slopes,
develop into crown fires, and become uncontrollable at a
certain value, would be a suitable critical value. An explicit
definition of fire danger and fire severity will enhance
communication between fire staff and line officer decision
makers, and between the line officer and the public. Second,
the ROC curve displays skill prediction, or how much
confidence to place in the prediction. A point near the chance
line does not warrant much confidence, while a point close to
the upper left-hand corner is reliable. The area under the
curve is a measure of skill prediction and can be compared to
chance. Skill prediction can also be considered a measure of
our current state of knowledge. As more knowledge is
obtained prediction systems should improve, and this
improvement should result in new ROC curves that get
progressively closer to the upper left-hand corner, which
represents perfect prediction. Third, the ROC curve
expresses the inherent uncertainty of the predictions in terms
of Bayesian probability. Each point on the curve corresponds
to percentages of hits, false alarms, misses, and correct
rejections on a scale of zero to one. Fourth, the ROC curve
displays the possible trade-offs between misses and false
alarms as the threshold of evidence varies. A high percentage
of hits is often possible only when there is a high percentage
of false alarms. To reduce the number of false alarms often
implies an increase in the number of misses. Selecting an
operating point on the ROC curve is selecting a balance point.

Figure 5 is an ROC curve developed for the Westfork Ranger
District weather station. The Westfork weather station
collects data used by those who make decisions about
prescribed natural fires in a portion of the Selway-Bitterroot
Wilderness. Fire danger prediction is explicitly defined by a
threshold ERC early in the fire season and a critical ERC
later on in the season. A critical ERC value of 52 was
chosen. During the period from 1973 to 1987, the ERC
reached 52 in four of the fifteen years (1973, 1977, 1978, and
1979). Thus in 73 percent of the years, the ERC does not
exceed 52 (low danger years), while 27 percent of the years,
the ERC exceeds 52 (high danger years). The ROC curve
displays percentages of hits and false alarms for threshold
ERC values from 20 to 43. The probability that the ERC
exceeds 29 on July 10 given that the ERC exceeds the critical
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Figure 5.--Long-range ERC forecast for Westfork R.D. on
July 10.

value of 52 later on in the fire season (hit) is 1.0. The
probability that the ERC exceeds 29 on July 10 given that the
ERC does not exceed the critical value of 52 later on in the
fire scason (false alarm) is 0.18. It follows that the
probability of a miss at that point on the ROC curve is 0 and
the probability of a correct rejection .82. Skill prediction is
high. The area under the ROC curve is 0.91. If it were
important to minimize the number of false alarms, the
threshold of evidence could be increased to 43. This would
reduce the number of false alarms by 18 percent, but would
increase the number of misses by 50 percent. Saveland (1989)
presents a similar analysis for Yellowstone National Park.

CONCLUSIONS

Most resource management controversies require seeking a
balance between competing, conflicting objectives. Finding a
balance is an integral part of adaptive resource management.
Implementing adaptive policy involves four steps: defining
and bounding the problem, representing current knowledge,
representing the uncertainty surrounding our predictions of the
future, and designing balanced policies that provide for
resource production and protection while permitting
experimentation aimed at increasing knowledge. Receiver
operating characteristic curve analysis can assist adaptive
resource management. ROC forces explicit definitions,
represents current knowledge through skill prediction and
readily displays uncertainty and possible tradeoffs.

Adaptive resource management points out the limits of our
current knowledge and the importance of increasing our
knowledge of the structure and function of natural resources.
In fact, knowledge can be considered a resource. Surely our
policies should promote the acquisition of new knowledge.
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PRESCRIBED FIRE AND VISUAL RESOURCES
IN SEQUOIA NATIONAL PARK

Kerry J. Dawson and Steven E. Greco'

Abstract—The management goals at Sequoia National Park are to restore the fire climax ecosystems of the
giant sequoia-mixed conifer forests to more natural conditions through the reintroduction of fire afler many
years of fire suppression. Objectives of prescribed fire must address the need for mitigation in "special
management areas” (SMAs) that are under heavy impact from human use. The sensitive treatment of scenic
resources in these SMAs can augment natural diversity if the structure of "naturalness” is given priority
over uniformity of fuel load reduction. Management actions should seek to: (1) mimic natural fire patierns
whenever possible; (2) avoid artificial infrastructure as burn unit determinants; and (3) conserve and
enhance scenic resources in areas threatened by intensive human use. Visual resources were inventoried

and management objectives recommended.

INTRODUCTION

Prescription fire began in the Giant Forest of Sequoia
National Park in 1979. Since then several burns have been
conducted. The management objectives of these burns have
been primarily to reduce hazardous fuel accumulations and to
restore the forest to a more natural ecosystem while sustaining
populations of giant sequoias (Sequoiadendron giganteum)
(NPS 1987a). The overall burn pattern on the forested
landscape was originally designed to prevent or minimize the
potential risk of a catastrophic fire sweeping over the Giant
Forest plateau. In an effort to accomplish these objectives,
park resource managers were charged with a variety of
sometimes conflicting objectives An independent review was
commissioned by then Director of the National Parks Service
Western Region, Mr. Chapman in 1986.

The independent review of the giant sequoia-mixed conifer
prescribed burning program of Sequoia and Kings Canyon
National Parks by the Christensen Panel resulted in a report
(Christensen and others 1987). Among many
recommendations were instructions to explicitly address
aesthetic concerns within the park’s "Showcase" areas. The
Sequoia Natural Resources Management Division has since
changed the term "Showcase” to Special Management Areas.
The Panel Report specifically recommended consultation with
landscape architects in the development of burn plans with
special emphasis on the SMAs.

Special Management Areas are Jocated in the most heavily
visited portions of the park. The three primary sources of
visual impact within these areas that must be mitigated are the
reintroduction of fire, visitor overuse, and overgrown thickets
of non-fire climax species. The Sequoia and Kings Canyon
Vegetation Management Plan (NPS 1987b) notes that SMAs

'Kerry J. Dawson is a Professor in the Graduate Group in Ecology
and Head of the Landscape Architecture Program at the University of
California, Davis. Steven E. Greco is a Postgraduate Researcher in
the Landscape Architecture Program and a graduate student in the
Graduate Group in Ecology at the University of California, Davis.
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are designated "where maintenance of natural processes is
guided more by scenic concerns.”

High visitation via roads and trails are a significant
anthropogenic impact within an ecosystem that has
management goals for ‘naturalness’. The challenge of
maintaining a natural aesthetic for this type of visitation is
made compelling by the fact that roads and trails concentrate
human impacts and have human facilities associated with them
(food vendors, parking lots, restroomns, etc.). Current
management goals of ‘naturalness’ are further complicated by
historic cultural values that have developed over the past one
hundred years since the establishment of the park. The
named trees and logs have become ‘cultural objects’ along
trails and roads, such as the General Sherman Tree and other
named trees, groves, logs, and stumps in the Giant Forest.
These areas of heavy visitation and subsequent substantial
human impact must be managed more intensively and thus are
termed SMAs.

As stated in the Panel Report (Christensen and others 1987),
SMAs should not be seen as "static museums,"” created
through "scene" management, but rather as a part of dynamic
ecosystems, sensitively managed to preserve scenic and
ecological resources. The Prescribed Fire Management
Program (1987a) notes that the intention of management in
these areas is not to apply a method of "greenscreening”,
whereby dramatically different appearing landscapes exist
behind SMAs. Instead, these areas should be burned as more
sensitive units with special attention given to specific goals
and objectives for visual quality, environmental enhancement,
and interpretation, as complemented by associated resource
objectives.

The National Park Service Act of 1916 declared that "the
fundamental purpose of [a National Park] is to conserve the
scenery and, the natural and historic objects and the wildlife
therein and to provide for enjoyment of the same in such a
manner and by such a means as will leave them unimpaired
for the enjoyment of future generations.” Interpretation of
this mandate has clearly demanded a sophisticated level of



management since the release of the Leopold Panel Report
(Leopold and others 1963). The relationship between
aesthetics, scenery, and natural process is a complex natural
and cultural issue that continues to evolve and will do so
through ongoing multidisciplinary research. Visual resources
are a prime asset in our National Parks and they must be
conserved and managed sensitively.

Preservation and restoration of natural ecosystems and their
processes is important to maintain the dynamic character
which ultimately formed the giant sequoia-mixed conifer
forests prior to intensive human occupaion (Parsons and
Nichols 1985). In the Giant Forest, aesthetic and ecological
goals need not conflict, but should seek to complement each
other as much as possible. It can be achieved by utilizing the
recommendations from recent aesthetic research in Sequoia
National Park (Dawson and Greco 1987). Most importantly,
management should seek to mitigate the effects of past fire
suppression and mimic natural fire patterns while educating
park visitors about fire ecology.

Historically, the giant sequoia-mixed conifer ecosystem
experienced frequent, low intensity fires (Kilgore 1987)
which structured the forest prior to human interference. The
effects of past management actions in suppressing all natural
lightning fires, for some seventy-five years (possibly
representing many natural cycles), has resulted in an altered
forest structure and high ground fuel accumulation in many
areas. The forest structure has been changed to favor shade
tolerant fir and incense cedar (Harvey 1985; Kilgore 1985;
Bonnicksen and Stone 1982; Bonnicksen 1975) while
unnaturally high fuel accumulation risks increased mortality of
giant sequoias and understory species during a fire. Past
prescribed fires have resulted in what many environmental
groups see as unnatural due to inadequate mitigative measures
and procedures. Prescription fires are now designed to
mitigate these effects through “cool burns™ meant to restore
natural conditions. The overall concern in SMAs is to have
the forest "look" like a low intensity natural burn has moved
through the forest even though the fuel load may have the
potential for a high intensity fire; and environmental
degredation through intensive use may not have the potential
for recovery without active mitigation.

RESEARCH PROCEDURES AND
METHODOLOGY

The procedures applied in this research were determined by
the specific needs of management and recommendations from
the Panel Report (Christensen and others 1987). They are (1)
to delineate the viewshed boundaries of the SMAs, (2) to
inventory and conduct an analysis on the visual resources
within the SMAs, (3) to recommend ecologically acceptable
visual resource management goals and objectives, and (4) to
recommend management treatments to fulfill the visual quality

goals and objectives.

The research consisted of an inventory of visual resource
elements, formulation of goals and objectives, and
development of a set of guidelines for the treatment of fire
effects on the character of the landscape and on the character
of individual giant sequoia features. The methodology
developed for assessing the visual resources at Sequoia
National Park can be applied to all roadways and trails within
the park. The process model (fig. 1) graphically depicts the
recommended methodology for SMA visual resource
planning.

RESEARCH METHODOLOGY PROCESS MODEL
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Figure 1.--Visual resource research methodology and planning
approach. "
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SMA BOUNDARY DELINEATION

The study areas within the SMAs are defined in terms of their
respective viewshed boundaries. A viewshed, or visual
corridor, is a routed (by road or trail), physically bounded
area of landscape that is visible to an observer (Litton 1979).
A viewshed delineates the dimensions of the "seen”
environment in terms of visual penetration. The viewshed
boundary is formed from the dynamic composition of viewing
points on a continuum (i.e. a road or trail). The viewing
points are representative of a number of observer positions
accounting for several viewing orientations (Litton 1973,
1968).

VISUAL RESOURCES INVENTORY AND
ANALYSIS

An inventory of visual resources is a descriptive field survey
that identifies the seen areas, and physically locates visual and
perceptual elements within the selected SMA study areas. It
consists of several parts including viewshed delineation, areas
of viewshed overlap, visual unit delineation, identification of
special features and visual element subunits, determination of
giant sequoia visibility through a visual prominence rating,
and the location of impacted views due to fire suppression.
An inventory was surveyed and compiled for each study area
SMA.

The goal of the feature analysis is to provide park managers
with a tool to assess the relative difficulty of achieving the
visual quality objectives. The Management Scale provides an
indexed classification for each visual unit to indicate pre-burn
planning intensity and (burn) labor requirements that will be
necessary for any given burn unit. For example, in an area
with many visual features (i.c., giant sequoias, logs, etc.) the
Management Scale value could be rated as class "1" and an
area with few visual features could rate as a class "4" value.
Hence, if a burn unit contains several class "1” values, then
more labor will be required to mitigate excessive fire effects.
Formulation of the Visual Unit Management Scale consisted
of five steps: a tabulation of features per visual unit; a
feature aggregation index calculation; determination of visual
unit acreage; a feature density value calculation; and an
indexed classification of those values into the Visual Unit
Management Scale values.

SMA VISUAL MANAGEMENT GOALS AND
VISUAL QUALITY OBJECTIVES

Fire management planning in SMAs requires the development
of clear goals and specific objectives as a critical step in the
prescribed fire planning process (Fischer 1985; Bancroft and
others 1983). Clear exposition of goals and objectives is
necessary to evaluate the effectiveness of management actions.
Management goals should be broad in scope and attainable
through specific objectives that address issues within each
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goal. The three central issues for visual quality goals and
objectives are (1) fire effects on the character of the
landscape, (2) fire effects on individual giant sequoias, and
(3) enhancement of currently affected visual resources.

Fire Effects on Landscape Character

The giant sequoia-mixed conifer forests have evolved in
context of frequent fire return intervals and low fire
intensities (Kilgore 1987; Van Wagtendonk 1985). Less
frequent, more extensive and intense events, though, have
also played an important role in this ecosystem. Kilgore and
Taylor (1979) found through tree ring analysis that historical
fires near the Giant Forest area were frequently small in size
and generally confined to a single slope or drainage. They
also report that fires ranged in size between 0.001 ha to 16
ha. In the same study area, Harvey and others (1980)
confirm the small nature of these burns, suggesting they were
about 10 ha.

In the Redwood Mountain area, the Kilgore and Taylor study
(1979) also found fire return intervals on west-facing slopes to
be about every 9 years, and on east-facing slopes to be about
every 16 years. They also report mean fire-free intervals of 5
years on dry ridges of ponderosa pine and 15-18 years in
moist sites of white fir. The average maximum fire-free
interval was found to be 14-28 years. Their data also reveals
that some clusters of giant sequoias have escaped fire for up
to 39 years. Some areas may have escaped fire for a hundred
or more years.

Restorative SMA prescription fires should be planned within
an appropriate temporal and spatial framework. The
juxtaposition of prescribed burns can greatly enhance or
detract from the visual and ecological diversity of the forest.
The goal should not be to create burns that result in large
scale areas of an early successional stage. Rather,
management burns should concentrate on maintaining, or
creating, successional diversity throughout the forest (Harvey
and others 1980). Fire should be introduced on a gradual
spatial and temporal basis to restore the forest to a more
natural state. Although reducing fuel accumulations is
important, it is not necessary that this be the immediate
objective of an SMA burn. Small-scale burns should be
designed to maintain ecological and visual diversity over
appropriate time scales. Planning should incorporate
available site-specific fire history research.

To preserve successional and visual diversity, management
plans should include small-scale burns, random juxtaposition
of burns (a variety of burn contrasts), selected retention of
understory vegetation, and limiting the number of burn units
treated each year. Planned variation in future burn unit
boundaries will also help maintain an ecologically and visually
diverse park environment. To increase visual diversity and
maintain a sense of ecological continuity along travel



corridors, burn unit boundaries should cross roads and trails
in some areas and remain adjacent to them in others. If roads
and trails are always used as boundaries, one side will always
appear different than the other. Human infrastructure should
be avoided or limited as burn unit determinants. Because it
could lead 1o a confused perception of the forest to some
visitors and contribute to a less naturalistic aesthetic.
Extended long-range plans, or areas in need of a second
prescribed burn, should include variation in the boundaries of
the first prescribed burn, or possibly the relocation of trails
during this planning process. It is not recommended that the
same boundaries be used for fulure burns. The return of fire
should also be variable, both spatially and temporally.
Variation is another very important aspect of visual and
ecological diversity, as pointed out in the Christensen Report
(1987).

Treatments of designated SMA burn units should be "cooler”
prescriptions as noted in the Grant Tree SMA plan (NPS
1980a). Taylor and Daniel (1985) confirm that fire intensity
correlates with scenic quality and recreational acceptability in
ponderosa pine forests. They found that in comparison to
unburned areas, low intensity fires produced improved scenic
quality ratings after 3-5 years, but that high intensity fires
"seriously declined” in scenic quality ralings after the same

time period.

Efforts to provide a high value interpretive program are
essential 1o educate the public about fire ecology and the
aesthetic implications of fire ecology in the Giant Forest
SMAs. The program is important because visitors are
barraged with fire danger signs as they approach the park.
McCool and Stankey (1986) found that visitors who were
confused and uncertain about the effects of prescribed fire
were afraid that it could be “detrimental” and negatively
impact the park, but that visitor center exhibits and guided
tours help engender an understanding and appreciation of the
dynamic processes of forest succession and fire ecology.
Roadside and trailside interpretive displays in appropriate
Jocations, with descriptive graphics facilitate this objective.
The Hazelwood Nature Trail is an excellent example.
Hammit (1979) indicated that the value of interpretive
displays located in visually preferred areas can be more
rewarding and more likely remembered. Proper placement of
displays in the environment appears to aid in the memory
process of park visitors.

Fire Effects on Individual Giant Sequoia Trees, Logs
and Stumps

Visual features in the Giant Forest are highlighted by the
grandeur and presence of a high density of giant sequoias. As
a result of this density and the park’s design, visitor
appreciation of the giant sequoias has rendered many of them
as unique natural/cultural objects in the landscape. Hammit
(1979) reports that the most remembered scenes by visitors
are characterized by visually distinct features. It appears

there is a strong correlation between familiarity and
preference of scenery. Familiarity is highest in both most
preferred and least preferred scenes, indicating that visitors
are affected by both positive and negative features observed
in landscape experiences.

Since the giant sequoias are a primary visual resource in the
Giant Forest, the most visually prominent trees should receive
the greatest scenic mitigative measures to retain a natural
visual character following restoration burns. Maintaining
high scenic and recreational values in the Giant Forest
requires sensitive visual resource planning of fire effects and
a strong interpretive program to effectively communicate fire
ecology lo the public. It was recommended that a
management goal for the visual quality of distinct foreground
features receive judicious burning around the bases of the
SMA giant sequoias. The foreground trees have the dual
distinction of being most impacted by intense human use and
are also visually vulnerable.

Protecting all visible trees from intensive fire effects is not
desirable. For visilors to gain a sense of appreciation for a
wide range of fire effects, some of the less visibly prominent
trees could provide an opportunity for such diversity. It is
not intended that foreground trees should be protected at the
expense of background giant sequoias. Rather, foreground
sequoias should receive more sensitive treatment due to their
proximity to high human use pressures and park
infrastructure. Intense human use proximate to these trees
has resulted in decreased duff cover, soil compaction,
increased erosion, and lack of understory regeneration. Many
of these trees are under unnatural stress. Background trees
receive wilderness standards for giant sequoia management.

To gain better insight and understanding of visitor sensitivity
to singeing and charring on highly visible giant sequoias, a
special study would have to be conducted. A study has been
completed (Quinn 1989) of visitor perceptions of recent
prescribed fire management in Sequoia National Park and
generally, visitors were not adverse toward fire scars.
However, no research was conducted on reaction to singeing
versus charring in recent burn units within the park.

The last issue regarding protection of individual giant
sequoias is the maintenance of ecological and visual/cultural
values associated with horizontal features in the forest
landscape experience. The preservation of a select number of
highly visible sequoia logs (in addition to named logs) along
trails and roadways has been strongly recommended by some
groups (Fontaine 1985). The interpretive value of these logs
stems from the direct "involvement” the public has with these
elements. The tactile experience of touching and passing
under these logs can engender a strong appreciation for the
grandeur of the giant sequoias. They also demonstrate the
dynamic nature of succession in the giant sequoia-mixed
conifer ecosystem. Hammit (1979) suggests that prolonged
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contact with such features increases familiarity. It was
recommended that a balanced number of strategically located
logs be protected from intense prescribed burns.

Currently Affected Visual Resources

Scenic resources are currently impacted by (1) intensive
recreational use, and (2) the structural changes of vegetation
in the giant sequoia-mixed conifer forest. The first is due to
the effects of visitor overuse and the lack of facilities to
accommodate the use volume. The second impact results
from fire suppression which promotes the growth of shade
tolerant conifer thickets (non-fire climax species) that limit the
visibility of numerous giant sequoias within the viewshed.
Management goals to alleviate both of these impacts would
enhance the overall experience of the park.

Many high visitation areas such as the Congress Trail,
General Sherman Tree, and Hazelwood Nature Trail suffer
from severe overuse. Strategic signage in these areas is
essential to better guide foot traffic (trampling) in these areas
which has caused the disintegration of duff and subsequent
erosion of surface soil. As a result, dusty or muddy visitor
environments have inadvertently created biological and visual
resource problems. Problems include erosion around the
bases of sequoias exposing fibrous roots, erosion and decay of
asphalted edges in parking areas and on trails, and a lack of
understory vegetative cover due to trampling and soil
compaction. Means to reduce these effects focus primarily on
redirecting foot traffic in and around facilities and reducing
trampling around the trees.

The second issue concerning enhancement of affected visual
resources is the extensive growth of shade tolerant conifer
thickets (non-fire climax species) resulting from fire
suppression and disturbances due to road, trail, and facility
construction (NPS 1980b; Bonnicksen 1985). In the absence
of regular fire disturbance cycles, these thickets have grown
unchecked by natural process, thus hindering the ability of the
giant sequoia to reproduce successfully and also blocking both
historic views and potentially valuable views of the giant
sequoias in the Giant Forest SMAs. In addition to these
problems, the thickets also represent future fuel load and fuel
ladder problems. The visual resource goal should be to
conserve scenery which enhances visitor experience within the
SMAs through active management of the thickets. The means
to achieve this goal is the limited strategic removal of these
“overrepresented aggregation types” (Bonnicksen 1985;
Cotton and McBride 1987).

VISUAL RESOURCE TREATMENTS

The recommended treatments consists of a Landscape
Management Plan and a set of guidelines for visual resource
management in the SMAs. Visual resource treatments are
management actions designed to fulfill management goals and
visual quality objectives. A photographic monitoring
program is also recommended.
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Landscape Management Plan

The SMA Landscape Management Plan identifies proposed
burn units, planning units, past prescribed burns, burn
exclusion areas and thicket problem areas. The burn units
have been designed in accordance with the visual quality
objectives to maintain a diverse visual character within the
SMA study areas. Sections requiring additional research
studies are classified as "planning wunits" and "SMA planning
units” on the plan. Small areas of cultural value that are
recommended for exclusion from prescribed fire are also
indicated on the plan. Additionally, thickets that block views
of giant sequoias, and thickets that present future visual
resource problems are identified for treatment. Finally,
measures to protect visually prominent giant sequoias are
based upon the visual prominence ratings are shown on the
Visual Resource Inventory maps.

Protection of visual elements is also meant to preserve
pockets of mature understory vegetation in addition to giant
sequoia protection. These pockets are ecologically important
because intensive human use interferes with regeneration and
colonization sources which are needed to avoid further
damage and are needed as vegetative use buffers. These, too,
are identified on the Visual Resource Inventory Maps. The
analysis of visual features within the visual units provides a
guide for resource managers to evaluate planning for labor
requirements when planning burn units. A feature "density”
value was generated for each visual unit and broken down
into management intensity classes.

Burn Unit Design and Schedule

Burn units were designed based on the Fire Effects Guidelines
for SMA Landscape Character. Natural boundaries for the
SMA burn units are preferred to man-made boundaries in the
design. It is recognized that it is essential to use roads and
hiking trails in many cases due to economic constraints.
However, alternatives to their use should be used where
possible, such as streams, drainages, ridges, old fire lines,
meadows, rock outcrops, and new fire lines.

The burn units in a maintenance fire regime should be varied
from previous prescribed burns. It is not recommended that
the same burn unit boundaries be used more than once if they
are unnatural boundaries (trails or roads). Using the same
boundaries runs an ecological and visual risk of creating an
unnatural mosaic of forest succession. The maintenance burn
regime units should concentrate on natural fire breaks that
travel across trails instead of being bound by them.

Timing of the burn units is a very important aspect of
planning. The burn units have been designed to restore the
Congress Trail and the SMA section of the Generals Highway
to more natural conditions. Following the restoration burn
regime, a long-term maintenance fire regime should be
formulated for the Giant Forest. It is recommended that this
regime be based on area-specific fire history research.
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A computer geographic information system (GIS) would
greatly enhance the analysis and planning of the burn units in
the Giant Forest because it is a very useful tool for evaluating
large spatial data sets and many variables.

Guidelines for Thicket Problem Areas

The visual quality objectives regarding enhancement are
designed to increase the visibility of giant sequoias affected by
extensive thicket growth throughout SMA viewsheds. These
thickets are blocking numerous potentially valuable views of
giant sequoias (fig. 2). Management for a natural aesthetic
and increased visual penetration into the forest within the
SMAs warrants judicious mechanical thinning of some of
these thickets (Bonnicksen and Stone 1982; Christensen 1987,
Cotton and McBride 1987).

[
.
!
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Figure 2.—-Thickets of mixed conifers are encroaching on the
views of giant sequoias due to the disturbance of road
construction.

The thickets were mapped on the SMA Landscape
Management Plan in two ways. Existing “blocked” views
were mapped, and visually “encroaching” thickets are also
shown. The encroaching thickets did not present a visual
problem at the time the field work was conducted, but will
cause visual penetration problems in the near future. They
should be monitored photographically and evaluated for
mechanical thinning. It was recommended that this be
incorporated into the park’s Vegetation Management Plan for
the development zone (NPS 1987b).

Guidelines for Giant Sequoia Fire Effects Mitigation
As discussed in the visual quality objectives, it is the visually
prominent trees which are impacted most by human use
pressures. Park infrastructure, such as trails, roads, signs,
restrooms, etc., are proximate to the visually prominent trees.
The most valuable scenic resources are also the most visually
prominent trees. Mitigative measures to protect these trees
are critical in terms of ecological, scenic, and park
infrastructure resources . The objective is not to leave these
trees unburned, but to mitigate fire effects, Trees impacted
by intensive human use are under stress and unsuppressed fire
risks unnatural mortality. The four categories of giant
sequoia protection (mitigation measures) are illustrated in
figure 3 and include: (1) scorch exclusion, (2) minimal
scorch, (3) limited scorch, and (4) unsuppressed scorch
(within standard management tree protection guidelines).
These relate directly to visual proximity as well as distance
from human impact (Dawson and Greco 1987).

Fire Etfects Guidelines for Individual Giant Sequoias

1. Scorch Exclusion

Figure 3.--SMA mitigation measures for giant sequoias.
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4. Unsuppressed Scorch



To understand properly the descriptions of the four categories
of giant sequoia protection, definitions of scorching, singeing
and charring are necessary. In this study, "scorching" is the
singeing or charring of sequoia bark. "Singeing” is bark
ignition to a depth under one half an inch (<1/2").
"Charring” is defined as bark ignition to a depth over one half
an inch (> 1/2"). The question of singeing is not an intense
aesthetic issue because park visitors seem to accept some fire
damage to sequoias (Quinn 1989). However, reaction to
varying levels of charring is undetermined and can impair the
scenic quality of giant sequoias for longer time periods if the
trees are under stress. Therefore, it was recommended that
scorch and char guidelines be established in addition to
current tree preparation standards (pre-fire) and firing
techniques. It should be remembered that the guidelines
apply only during the restoration prescribed fire phase.

Guidelines for Understory Protection

Planned retention of understory vegetation pockets is
recommended in the SMA burn units. They offer
opportunities to maintain visual and ecological diversity while
increasing the probability of regeneration by providing
colonization sources. Often, these pockets grow among rock
outcrops and probably have escaped fire for longer periods
under more natural ecosystem conditions. Historically,
natural burns have undoubtedly missed many areas creating a
mosaic of vegetation characteristic of the sequoia-mixed
conifer ecosystem. The most obvious pockets for retention
would be growing among rocks that could be supplemented
with fire lines to lengthen their presence.

For aesthetics, these groups of plants provide a visual focus,
diversity of elements, and demonstrate the scale between
visitors and the large-scale giant sequoias and older conifers.
Some good examples in Giant Forest are the native dogwoods
(Cornus nunallii)y and Sierra chinquapin (Castanopsis
sempervirens), and greenleaf manzanita (Arctostaphylos
patula). Although some are adapted to fire and resprout after
a fire, their rate of growth is slow. Their visual qualities and
interpretive qualities could be diminished for many years.

DISCUSSION

There has been concern on the part of National Park Service
scientists about some of the research recommendations on
visual resources (Dawson and Greco 1987). An
interdisciplinary group of staff from Sequoia National Park
representing science, administrative management, visitor
interpretation, fire management, and resource management
met and forwarded comments. The following discussion
presents these views as well as further discussion on the
visual resource research.
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NPS and Understory Issues

The NPS group does not favor “the deliberate retention of
mature groups of understory plants, since prescribed fire
tends to leave mosaics of burned and unburned areas, and the
recovery of the understory plants in post-fire succession is an
important part of the story of the forest” (NPS 1988).

At several prescribed burns in the Giant Forest, the visual
resource research team observed that fire was applied
homogeneously within the burn units. Fire management staff
frequently burn areas completely and uniformly, and if fire
bypassed any fuel loads, the fire technicians returned
moments later to fire that area. This does not mimic natural
fire patterns and as a result, pockets of understory plants
rarely survive. The practice of multiple-spot firing afier the
fire has moved through should be modified to rely on this
technique only in situations where absolutely necessary
(greater than 1000-hour class fuels). Kilgore (1985)
supported this concept by pointing out that increased
uniformity and lessened mosaic pattern is unnatural.

Litton (1988) has written to Sequoia National Park that “In
addition to modifying fuel concentrations, both down material
and standing live trees, related to dominant specimens, |
further urge protective measure for certain visually significant
understory - ground floor components. Several obvious
examples of these subordinate features are snags, fallen big
trees and mature, tree-form dogwoods; these and others
contribute significantly to experiencing a rich landscape, are
signs of time and succession, and represent considerably more
than fuel needing to be burned.”

Litton further added, “Brewer, King, and Muir confirm and
give emphasis to other contemporary accounts that the Sierra
Nevada forest were [sic] impressive for their [sic] openness
and for the large scale of mature trees. At the same time,
these three early observers note the diversity of what they saw
in the various forest and woodland species, their associations,
regeneration and some of the ground plane and understory
characteristics. Brewer notes species or type distribution in
space and elevation, the combinations of the mixed conifers -
some with Big Trees, the array of ages and sizes in Big
Trees, [and] the significance of fallen Big Trees in
appreciating their size and age. King emphasizes the impact
of contrasts found in the association of Big Trees and Sugar
Pine and White Fir as well as the experience of the spatial
quality found in the open forest. Muir comments on
openness, on spatial distribution, on the smooth floor, but also
points to the contrast of underbrush with Big Tree bark and
speaks in considerable detail about Big Tree regeneration.
Diversity, then, appears to be an historic clue about the
historic forest in addition to the frequently stated perception
of openness.”
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NPS and Visibility Issues

The NPS group “was unanimously opposed to allowing
changes in appearance due to fire only in the medium and low
visibility trees, while retaining foreground trees in their
present unburned state. .. in general, all trees regardless of
[visibility] rating will be prepared and burned according to
current standards...” (NPS 1988).

In the visual resource recommendations, scorch exclusion
does not mean “unburned”. More importantly, it will be very
difficult to treat focal point trees, such as the General
Sherman Tree, with prescribed fire. These trees are
surrounded by trails, fences, facilities, and/or roads and are
also subject to intensive visitor use and abuse. Most
foreground trees in special management areas are stressed by
pavement, soil compaction and altered topography. As one
moves farther from view corridors, this type of impact (direct
human disturbance) is lessened. It is evident that there is an
ecological relationship between aesthetics and the built
environment and treating giant sequoias in the foreground
more sensitively than those further away actually rccognizes
the impact of these conditions.

NPS and Downed Log Issues

The NPS Group agreed “that logs identified by interpretation
as having cultural or interpretive value will be protected from
fire. However, no effort should be made to preserve logs as
horizontal elements, since these logs are important sources for
seedbeds, which are an important part of the forest story. In
addition, the SMA burn units are small, and it is not likely
the loss of logs will produce an impact on the visual resources
of the area as a whole™ (NPS 1988).

The Yellowstone fires document that horizontal elements
(logs) are increased by fire, not decreased, regardless of fire
intensity (Ekey 1989; Guth 1989; Simpson 1989). Although
it is difficult to compare Yellowstone and Sequoia, logs are
universally important ecologically and visually for the
maintenance of habitat diversity. It is important to avoid the
homogeneous burn coverage typical of hot fires in unnatural
fuel accumulations. While totally burnt logs can play a role
in sequoia regeneration, firing techniques which attempt to
burn all logs does not recognize that some logs also play an
important role in the nutrient cycling of the forest by acting as
nutrient reservoirs and reducing soil erosion following a fire.
If the fire burns a log as it moves through, this seems
acceptable. The problem is when fire crews return to
spot-burn a log that the fire has by-passed.

NPS and Thinning Issues

The NPS group “agreed that existing vistas of the Sherman,
Grant, and McKinley trees should be preserved. The group
was opposed to pre-burn thinning of trees which obstruct
sequoias as well as to the suggestion that trees killed by the
fire should be cut out” (NPS 1988).

In discussing visual resources, the thickets are diminishing the
scenic value of the park from roads and trails. Many of these
thickets are less than fifly years old and exist as a result of
managed fire exclusion and site disturbance, such as road
construction. This abundant growth impacts scenic resources
and ecological processes. Kilgore (1987) states that
“removing fuel from the intermediate layer between between
surface and crown fuels greatly reduces the potential for high
intensity surface fires that could lead to crown fires.” Under
a more natural fire cycle, crown fires are a relatively rare
event in the giant sequoia-mixed conifer ecosystem and would
be an unnatural and unfortunate consequence of the fuel load
build-up due to past fire suppression.

The Christensen Report (1987) indicates approval of
‘judicious pre-burn cutting of understory trees...where
ignition of such trees might have a negative effect on stand
appearance and/or when their removal would enhance the
visual effect of adjacent specimen trees.”

CONCLUSION

Past human interference with the ecosystem of the giant
sequoia-mixed conifer forests has impacted the visual and
ecological resources in Sequoia National Park. These impacts
have been augmented by concentrated visitor pressure in the
areas of the park with roads, trails, and built facilities.
Special management areas have been established to address
these complex management problems of balancing cultural
and natural ecosystem interests.

The detailed visual resource database and mitigation
guidelines developed for the Prescribed Fire Management
Program were designed to provide park resource managers
with new tools to achieve more natural fire effects for the
landscape and giant sequoia visual resources. There were
forty-four separate treatments recommended with roughly half
of the recommendations known to be implemented (Dawson
and Greco 1987). It is pleasing and appreciated that support
was so forthcoming from the National Park Service for over
half of the treatments. This paper has attempted to explore
the complexities of the remainder. However, creating
favorable conditions for the perpetuation of the giant sequoia
is supported and current management policies using
prescribed fire management are improving continuously. The
visual resource research has strived to present ecologically
acceptable solutions to problems of culture in the context of a
natural environment and the role of fire in the giant
sequoia-mixed conifer ecosystem which support this continued
improvement.
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GIS APPLICATIONS TO THE INDIRECT EFFECTS OF
FOREST FIRES IN MOUNTAINOUS TERRAIN

David R. Butler, Stephen J. Walsh, and George P. Malanson'

Abstract—Snow-avalanche paths and landslides are common geomorphic features in Glacier National Park
(GNP), Montana, and represent hazards to human occupancy and utilization of the park. Forest fires have
been spatially extensive there, and it is well documented that areas subjected to forest fires become

increasingly susceptible to avalanching and landsliding.

The locations of all snow avalanche paths and landslides in east- central GNP have been mapped on
topographic maps and verified. The avalanche paths have been digitized and entered into a geographic
information system (GIS) using ARC/INFO. Digital elevation models and Landsat Thematic Mapper digital
data were processed to create elevation, slope angle and aspect, and landcover GIS overlays. Merging of
overlays illustrates areas of maximum erosion potential by snow avalanching and by landsliding in the event
of a forest fire. Post-fire vegetational succession can be accommodated into the GIS to illustrate areas of
high, medium, and low hazard from avalanching and landsliding.

INTRODUCTION

The western cordillera of North America experiences
hundreds of thousands of snow avalanches and numerous
landslides annually. Most snow avalanches follow well
defined topographic indentations on the mountainous slopes
(Butler, 1989). These snow-avalanche paths (fig. 1) are
easily mapped at a variety of scales, so that hazard zones
resulting from snow avalanching may be easily delineated
(Butler 1979, 1986b, 1989; Butler and Malanson 1985; Walsh
and others 1989). Mass movements of earth and rock
material, or landslides for the sake of convenience, are also
common in the cordillera. Steep terrain, seismic triggers, and
unusual precipitation and snowmelt events produce widespread
landsliding in the area (Butler and others 1986).

It has been well documented that forest fires geomorphically
destabilize a burned area, making it more susceptible to
erosion by both snow avalanching (Beals 1910; Munger 1911,
Winterbottom 1974; Harris 1986) and landsliding (Swanson
1981; Morris and Moses 1987; Parrett 1987). The removal
of forest cover particularly affects areas prone to snow
avalanching. Most starting zones for snow avalanches are on
fairly steep slopes of 30-45° (fig. 1). The forest cover in this
environment provides a significant stabilizing influence on the
snowpack, reducing the avalanche hazard. If a forest fire
removes this stabilizing influence (fig. 2). expansion of the
area of snow movement is likely to occur. This in turn can
provide more frequent and larger, and therefore more
dangerous, snow avalanches on the low- angle slopes near
valley bottoms where roads, railroads, tourist facilities, and
communities are likely to be concentrated (Munger 1911,
Winterbottom 1974).

! Associate Professor of Geography, University of Georgia, Athens,
GA; Associate Professor of Geography, University of North Carolina,
Chapel Hill, NC; and Associate Professor of Geography, University
of lowa, Iowa City, 1A.
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Figure 1. Typical snow avalanche path, southern Glacier
National Park, Montana. Arrow points to location of figure
2. Note how lateral boundary of avalanche path exceeds the
protective capacity of the snowshed, a result of destabilizing
forest fires during 1910-1919. Photo by D.R. Butler.



igure 2. Burnod—m)er starting zone of the Shed Seven avalanche path shown in figure 1. Dead snags are especially visible
along the skyline. Photo by D.R. Butler.

Areas already susceptible to landsliding are also likely, in the
event of forest fire, to experience reactivation of previously
stabilized landslide deposits (Swanson 1981), and accelerated
erosion on the surface of these deposits by running water will
also occur (Morris and Moses 1987). Burned areas will also
generate landslides whereas adjacent unburned areas do not
(Parrett 1987). It is, therefore, of paramount importance in
mountainous areas where tourism and multiple-use forestry
form the economic base, to know where expansion of snow-
avalanche paths, reactivation of landslides, and accelerated
erosion is likely to occur in a post-burn scenario.

This study describes how a Geographic Information System
(GIS) may be used to map and study snow-avalanche paths
and landslides, and in turn how information on areas and year
of burning by forest fires and the level of plant revegetation
can be incorporated into the GIS. This allows the delineation
of areas of potential expansion of snow avalanching and
landsliding, as well as areas affected by less hazardous but
geomorphically and environmentally significant accelerated
surface erosion. This information can be used by forest and
park management personnel who need to critically examine
areas of sensitive habitat, or who may be in charge of hazard
analysis in areas of heavy transportation and tourism. In
addition, such information can be used to evaluate sediment
movement and concentrations within hydrologic systems as a
consequence of forest fires and snow avalanching or
landsliding and their spatial/temporal distributions.

THE STUDY AREA

Snow avalanching and landsliding are common geomorphic
occurrences in the Rocky Mountains of northwestern
Montana. Forest fires of varying intensity and extent have
burned broad areas susceptible to both avalanches and
landslides. One area particularly susceptible to both
avalanching and landsliding, a result of a set of unique
topographic and geologic conditions, is Glacier National Park,
Montana (Butler 1979; Butler and others 1986). This park,
created by act of Congress in 1910, preserves approximately
one million acres of wilderness which has never been logged.

Glacier National Park contains a mosaic of vegetational types
dependent on such factors as elevation, slope aspect, position
west or east of the Continental Divide which bisects the park,
and fire history. Many historical fires have burned portions
of the park before and since 1910 (see, for example, Beals
1910; McLaughlin 1978; Holterman 1985; Finklin 1986;
Larson 1987). Until recently, it has been the policy of
Glacier Park management to vigorously suppress all forest
fires, whether natural or human- caused (Wakimoto 1984).
The 1980s saw a shift in policy, with movement toward a
management plan that would allow natural fire to play a role
in the park ecosystem in designated areas.

Along the southern boundary of Glacier Park, several
widespread forest fires occurred during the period 1910-1919
(Payne 1919). There, numerous snow-avalanche paths
impinge onto the tracks of the Burlington Northern Railroad,
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Figure 3. Specific study area for snow-avalanche terrain modeling. Dot pattern shows area
of 1936 Swiftcurrent Valley fire which came from across the Continental Divide; stipled pattern shows

the Napi Point fire of 1984 (fig. 5).

which form the park boundary. Snowsheds were built in
1910-1914 to protect the rail line from burial by avalanching;
however, the burning of large areas of forest in and near
avalanche starting zones (fig. 2) expanded the geographic
extent of unstable snow so that avalanches cover broader
swaths of railroad track than were originally covered with
protective sheds (Butler and Malanson 1985).

For this study, we chose to examine a section of Glacier
National Park east of the Continental Divide, which contains
over 100 snow- avalanche paths and dozens of landslide
deposits, and has been subjected to forest fires in 1936 and
1984 (fig. 3). The area chosen is one of the most heavily
visited portions of the park, and has several roads and
backcountry trails which allow access to field sites.

METHODS

Landslide locations (fig. 4), particularly with reference to
landslides occurring in burned parts of the study area (fig. Sa,
b), were mapped on the basis of aerial photointerpretation and
fieldwork (Oelfke and Butler 1985). Landslide type and slope
aspect have also been categorized for these deposits. No
other data have yet been calculated for the landslide deposits
in the study area. Preliminary examination of this mapping
and categorization reveals that generally north-facing, and
therefore moister, landslide deposits of the slump/earthflow
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variety would be most likely to be reactivated in case of
forest fire. However, because this portion of the research is
still continuing, we devote the remainder of the paper to the
analysis of snow- avalanche path location.

Because avalanches tend to occur in spatially-distinet
locations, we used a GIS to delineate path location and
analyze the spatial characteristics of sites subject to
avalanching. We wished to determine why snow-avalanche
paths are located where they are in the study area, so that we
could then develop a cartographic model which illustrates
areas of highest probability for areas of new snow
avalanching in the event of a forest fire removing the
vegetational cover. It was therefore necessary to map the
locations of all avalanche paths within the study area shown in
figure 3.

Aerial photointerpretation and field reconnaissance confirmed
the location of 121 snow-avalanche paths within the study
area. Field work in 1987 and 1988 revealed that little change
had occurred in the outer boundaries, or numbers, of
avalanche paths since 1966 when aerial photography was
acquired. Minor extension of the longitudinal boundaries of
some paths occurred as the result of a major high-magnitude
avalanche episode in February, 1979 (Butler and Malanson
1985; Butler 1986a).
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Figure 4. Landslide types and locations in eastern Glacier
National Park. Compare to inset map, figure 3, for location
of specific study area.

Figure 5. a. Napi Point (arrow), with rockfall avalanche and
landslide deposits draping its north-facing base. Photo by
D.R. Butler. b. Napi Point (arrow) fire of August, 1584,
where forest fire burned and destabilized a broad area of
landslide deposits. Photo by Brian Kennedy, Hungry Horse
News, Columbia Falls, MT.
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The location and areal extent of each snow-avalanche path
were plotted on 1:24,000-scale topographic maps.
Morphometric data were collected for each path from the
topographic maps, acrial photographs, and field observations.
The morphometric variables were entered into an INFO table
within the ARC/INFO GIS for defining the character of each
path from a geographic and geomorphic perspective. A GIS
thematic overlay of path location was produced and merged
with overlays developed for hydrography; geologic structure,
lithology, topographic orientation, and land- cover type.
Details of the development of these overlays may be found in
Walsh and others (1990).

Most of the GIS overlays were compiled by direct digitization
and transformation of mapped information for precise co-
registration with other thematic overlays. Land-cover type
and structural lineaments, however, were characterized

through the digital analysis of Landsat Thematic Mapper
(TM) data (fig. 6). Terrain orientation was characterized by
a U.S. Geological Survey digital elevation model of the study
area (fig. 7).

The land-cover GIS overlay was produced through an
unsupervised classification of a 6 August 1988 TM scene (see
Walsh and others, 1989, for details). Ground control
information for approximately one-half of the avalanche paths
was acquired during the summers of 1987 and 1988 to aid in
cluster-labeling of the land-cover classification. Field data
from other avalanche paths within the park (Malanson and
Butler 1984a, 1984b, 1986; Butler 1985) revealed broadly
similar vegetational types with similar spectral signatures.
Cover-type classes used for this study were water, snow and
ice, bare rock, lodgepole pine (Pinus contorta) forest,
spruce/fir forest (primarily Picea engelmannii and Abies
lasiocarpa), mixed herbaceous, and mixed shrubs.

el

are black, alpine tundra is grey, and light tones representing fire successional lodgepole pine in Swiftcurrent Valley, and
herbaceous plants and shrubs on avalanche paths and landslide deposits.
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Figure 7. Digital elevation model of the study arca.
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Spatial proximity to geologic structural elements and
hydrologic features (also controlled largely by structural
elements) on the landscape was an important influence on the
geographic distribution of snow-avalanche paths within the
study area (Butler and Walsh 1990). Measurement of the
distance of paths from sills, dikes, faults and lineaments, and
rivers and streams was carried out within the ARC/INFO
environment through the generation of buffers. Buffers are
spatial zones of user-defined diameter that indicate distance
from a specified target phenomenon. Distance measures of
each path to the selected landscape feature were calculated
and added to the path morphometric database. A separate
thematic overlay of buffers surrounding sills, dikes, faults and
lineaments, and rivers and streams was added to the GIS for
integration with the other coverages (fig. 8).

> Composite
Factor Weightings

Spatial
Probability Model
of Path Location

Composite
;Afer Weightings/

Figure 8. Schematic diagram of the units of the geographic
information system used to model the spatial probability of

snow avalanche paths in the study area.

Utilizing the morphometric measures of each path contained
within the INFO tables, frequency counts of avalanche paths
by factors of elevation, slope angle, slope aspect, lithology,
and land cover were determined. The frequency data for each
overlay were then normalized by weighted area measures
(details of the weighting procedure may be found in Walsh
and others 1990). Normalized frequency weightings also
were derived for the proximal measures associated with
spatial buffering. Buffers were weighted by the percent of all
snow-avalanche paths occurring within the various buffer
distances from the target feature.
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RESULTS AND DISCUSSION

The end result of the GIS analysis, shown in figure 8, was a
spatial probability map illustrating where, based on the factors
and buffers analyzed, snow avalanches are most likely to
develop in the event of removal of forest vegetation by a
forest fire (fig. 9). When a forest fire occurs within the
study area, the boundaries of the fire can be rapidly digitized
and entered into the GIS, and merged with the spatial
probability data displayed in figure 9. Forest fire extent and
plant regeneration can be assessed through high spatial,
spectral, and temporal resolution satellites, such as Landsat
and SPOT. Walsh and others (1981) reported on the role of
Landsat satellite data for delineating and assessing forest
disturbances and levels of forest regeneration. Remotely
sensed measures of plant productivity with time can be
assessed through use of vegetation indices and merged into
the GIS as distinct multi-temporal landcover coverages.

Assessment of the information in the GIS foliows. Did the
fire burn an area that is likely to become more prone to snow
avalanching? If the burned area coincides with terrain
categorized as high probability, the answer is yes. Park
managers can almost certainly expect currently-existing path
margins lo expand, as occurred in the southern portion of the
park during the 1910-1919 period described earlier, and new
paths will probably also develop in those areas marked on
figure 9 as high probability areas. If the burned area
coincides with the area of medium avalanche probability,
expansion of areas of pre-existing avalanching may be likely,
but it is questionable if new avalanche-prone areas will
become established. Little concern for expansion of
avalanching need be given if the fire occurred in the regions
of low avalanche probability.

Temporal data could also be added into the GIS in order to
examine the effects of time passed since a fire. For example,
the portion of the study area burned in 1936 currently
supports & successional lodgepole pine forest assemblage.
This provides stability and anchorage for snow on the slopes,
but during the first several years after the fire more unstable
snow would have existed. High, medium, and low hazard
likelihood categories could be added to the GIS based on time
since fire: high hazard/spatial probability during the first
year after fire; medium hazard/spatial probability during the
early successional stages prior to conifer establishment (5-10
years in Glacier Park); and low hazard/spatial probability
once the forest has reestablished itself and stabilizes the
snowpack. However, once some areas are opened to snow
avalanching, it is likely that avalanching will continue there
and that succession to coniferous forest will be indefinitely
retarded: the still-bare upper reaches of the burned and
expanded avalanche paths along the southern margins of the
park are mute testament to the disruptive longevity of fire in
avalanche-prone terrain.

SPATIAL PROBABILITY
OF PATH LOCATION
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Figure 9. Composite probability of where new avalanche
paths should develop in the event of removal of forest
vegetation by a forest fire.
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GIS APPLICATIONS IN FIRE MANAGEMENT AND RESEARCH

Jan W. van Wagtendonk’

Abstract—In 1985, Yosemite began using a geographic information system as a for tire Management and
research. The system has been used to compare historic fire incidence over a range of topography and
vegetation types. Parkwide fuel inventories and prescribed burn units have also been depicted to predict
fire behavior and effects. Research applications have included a lightning strike incidence analysis and a
fire regime analysis hascd on climate, vegetation, fucls, and topography. Current projects include
developing a 1-hour-timelag fuel moisture theme by coupling the GIS with the BEHAVE fire behavior

system to predict the behavior and spread of large fires.

When Yosemite National Park was established in 1890, the
enabling legislation specified that all "timber, mineral
deposits, natural curiositics or wonders in the area be
preserved from injury and retained in their natural condition.”
Since then, the natural resources of the park have changed.
Somc of this change has resulted from past fire suppression
policies which were intended lo preserve the timber from
injury, but which have significantly altered vegclalion
composition and have allowed fuels to accumulalc.

In 1970, a program of prescribed burning was initiated to
mitigate these conditions; and in 1972, lightning fircs were
allowed to burn in much of the park under a specific set of
prescriptions (van Wagtendonk 1978). These programs were
initiated based on the results of numerous research studies and
cxtensive analyses of ficld data. To aid in theses analyses, a
geographic information system (GIS) was installed in 1985
(van Wagtendonk and Graber 199 1).

In the past, resource information was scattered in files and
publications, and on maps of varying scale and accuracy.

The advent of relatively inexpensive microprocessors, high-
resolution graphics, and large mass-storage devices has made
lhe Usc of computers for entering, storing, rctricving, and
analyzing resource information a practical technology. Such a
system is being used to help Park Service personnel make
informed fire management decisions, monitor long-term fire
effects, and research complex fire relationships.

Data used to develop the various data themes were obtained
from several sources. Digital data for elevation, slope, and
aspect were obtained from the U.S.G.S. Mapped data from
the park were used for firc management zones, vegetation
type, fuel model, and past fire occurrence. Lightning strike
data were obtained from the Automated Lightning Detection
System operated by the Bureau of Land Management al the
Boise Interagency Fire Center. Digital satellite imagery was
used to reline the vegetation data.

The park’s vcgcetation and fuels data are being surveyed in the
field. The systematic surveys now being conducted mark the

'Rescarch Scientist, National Park Service, Yosemite National Park,
El Portal, CA.
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beginning of long-term monitoring of park resources. They
will provide baseline data that will be used to verify
classifications of remotely sensed imagery.

The software currently in use is the Geographical Resources
Analysis Support System (GRASS) developed and supported
by the U.S. Army Corps of Engincers (Westervelt 1988). 11
is a raster-based system with vector and image analysis
capability and employs the UNIX operating system. GRASS
was selected because it is in the public domain and runs on a
computer with an open architecture.

FIRE MANAGEMENT APPLICATIONS
The first use of the GIS was to evaluate the role fire has
played in Yosemite’s ecosystems (van Wagtendonk 1986).
Fire has been an important factor in these systems for
thousands of years and is of considerable scientific and
political interest.

Fire records dating back to 1930 were reviewed and the point
of ignition and areal extent of each lightning fire were
digitized. These were than compared to information from the
other themes. This analysis showed that fire occurrence and
size varied significantly with vegetation type, elevation zone,
topographic position, and drainage basin. Table | shows the
distribution of lightning fires by vegetation type. West-
facing slopes received 67 percent of the fires greater than 50
acres in size. In addition, fires were significantly smaller
during the 12-year period before the prescribed natural fire
management program was implemented in 1972 than during
the following 12 years.

The GIS was also used to develop a fuel model map for the
park. Fuel models are generalizations of actual fuel
parameters and are used to predict fire behavior (Albini
1976). The vegetation and slope themes were combined with
field suveys to assign a fuel model to each arca of burnable
vegetation.

The GIS depicts fire management zones which divide the park
into units where different fire strategies are employed. These
units include the routine suppression zone where gl] fires are
put out regardless of origin, the conditional zone where



Table I. Distribution of Lightning fires by vegetation type, Yosemite

National Park, 1930-1983.
is shown in the Last column.

The number of fires per million acres per year

Area of Park Lightening Fires

Vegetation _ Type Acres % Number % #/m/y
Chaparral Woodland 31,975 3.1 38 1.9 22.0
Lower Mixed Conifer 146, 935 7.6 563 27.7 70.5
Upper Mixed Conifer 108, 869 15.3 513 25.4 87.3
Red Fir 63, 951 24.3 327 16.2 94.7
Lodgepole Pine 232, 202 21.5 167 23.1 37.2
Subal pine 59, 383 8.6 36 1.8 11.2
Alpine 110, 391 9.5 38 3.6 12.2
Mi scell aneous 7,613 10.2 41 ] 14.6

Total 761,319 100.0 2,023 100. 0 49.1

lightning fires are allowed to bum before and afier the fire

season based under specific conditions, and the prescribed

natural fire zone where lightning fires are allowed to bum at
any time based on prescribed conditions. Thesc zomes were
revise following the Greater Ycllowstone Area fires in 1988:
buffers were established between adjacent lands managed for
different objectives. The GIS made this casy.

There are prescribed bum units within the suppression and
conditional zones. Park personnecl set fires in thesc units to
meet specific management objectives. Maps of these
prescribed bum units are also on the system and arc linked to
data bases that include information on previous burns and
bum schedules. Prior to burning, GIS maps of each unit arc
prepared to show  topography, fuel models, and rcsources of
special concem such as archwlogical sites or endangered
specics habitat. These maps are used to plan bums and to
predict fire behavior and effects.

FIRE RESEARCH APPLICATIONS

A fire regime analysis bascd on climate, vegetation, fuels,
and topography is underway. Climatic data have been
collected at a network of weather stations, and climate themes
arc being created by extrapolating these data to the rest of the
park by means of topographic variables, temperature lapse
rates, and solar radiation equations. These thcmcs, in
conjunction with fire incidence, are being used to develop
relationships  with fire regime parameters such as fire
frequency, intensity, and size.

Data on lightning strikes have Deen analyzed to detect spatial
patterns  and predict fire occurrence. Lightning strikes Wwere
significantly correlated with elevation but not by slopc and

aspect. Since vegetation is strongly related with elcvation,

vegetation also showed a significant effect on lightning strike
occurrence (table 2). Although the vegetation lypes in Table
2 arc slightly different than those in Table 1, a comparison

Table 2. Percent of area and mumber of Lightning strikes by
vegetation type, Yosemite National Park, 1985-1989.

Vegetation % 1985 1986 1987 1988 1989 Total
Chaparral 3.1 27 12 21 27 32 I1x
Ponderosa 7.6 73 25 49 67 77 291
White Fir 15.3 193 58 114 130 168 663
Red Fir 24.3 378 98 151 259 333 1219
Lodgepol e 21.5 301 135 130 292 380 1238
Whi tebark 8.6 123 59 71 115 183 551
Alpine 9.5 115 85 53 161 200 614
Barren 10.1 116 58 66 7 182 539
Total 100.0 1326 530 655 1168 1555 5234
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shows that the greater number of strikes in the lodgepole
pine, subalpine, and alpine types did not result in a
proportionaly larger number of fires. In those types burning
and fuel conditions are not condusive to fire ignition and
spread.

The locational accuracy of the strike detection system is
reported to be approximately one mile (Krider and others
1980). Additional analyses will be performed in which the
data will be adjusted to compensate for this error. The GIS
will draw a circle with a l-mile radius around each g{rike and
then select a random point within the circle.

The GIS’ most important application in fire management and
rescarch will be the prediction of growth of large fires.
Initial steps have been taken to develop @ map of {uel
moisture based on a given set of weather conditions along
with topographic, vegetation, and fuel variables (Andrews
1986). Elevation is used to adjust temperature, while slope
and aspect adjust for diffcrences in solar radiation. Fuel
model and vegetation type determine how much shading
occurs. The GIS combined thesc five themes into over
14,000 unique catcgorics. When these were linked to the
SITE module in BEHAVE (Andrews 1986), a fuel moisture
value for each category was calculated.

Once fuel moisture is determined, fire behavior predictions
can be made by linking the GIS directly to a large fire growth
simulator. Bevins and Andrcws (1989) are currently working
on such a simulator; it operates in GRASS and combines the
effects of moisture, wind, and topography on fire behavior.
Outputs from the simulator will be residence time, flame
length, and rate of spread. These could be displayed as
maps, as could the area burned by time increments.

Predictions of fire growth will be invaluable to the manager
who has to make a decision about a fire today based on the
fire’s expected location a month from now. These decisions
will be casier to make if information about predicted future
fire behavior and effects is available. For instance, a decision
to suppress a fire because of smoke problems could be
avoided if information about fire spread, fuel accumulation,
and smoke dispersal were available. This may bc available
when all of the various predictive models are fully developed
and linked with a GIS that contains current r¢SQUrce
information.

CONCLUSION

The GIS in Yosemite has already proven to be a useful tool in
fire management and research. Fire operations have become
more efficient, and the role fire plays in park ecosystems is
better understood. Future applications in rca-time situations
will increase the utility of this system. Such applications will
include fire planning, suppression operations, and post-fire
rehabilitation efforts. GIS technology promises to make
increasingly accurate information more accessible to decision
makers and rescarchers; thus make possible more effective
protection of our park’s valuable resources.
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