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ABSTRACT

Chaparral is an intermediate fire-return interval (FRI) system, which typically burns with high-intensity crown fires. Although it covers
only perhaps 10% of the state of California, and smaller areas in neighboring states, its importance in terms of fire management is
disproportidnately large, primarily because it occurs in the wildland-urban interface through much of its range. Historic fire regimes
for chaparral are not well-documented, partly due to lack of dendrochronological information, but it appears that infrequent large fires
with FRI of 50—-100+ years dominated. While there are concerns over effects of fire suppression on chaparral fire regimes, there is
little evidence of changes in area burned per year or size of large fires over this century. There have been increases in ignitions and
in the number of smaller fires, but these fires represent a very small proportion of the burned area. Fires in chaparral seem to have
always burned the largest areas under severe fire weather conditions (major heat waves or high winds). Patterns of fuel development
and evidence on the effectiveness of age-class boundaries at stopping fires suggest that, while fire in young stands is more amenable
to control than that in older stands, chaparral of all ages will burn under severe conditions. We recommend a two-part strategy of: 1)
establishment of strategically placed dynamic fuel management zones in wildland areas to provide access and opportunities for fire

control, and; 2) intensive fire risk management zones (managed and developed cooperatively with local agencies and landowners) to
protect values in the wildland-urban interface.

Citation: Conard, Susan G., and David R. Weise. 1998. Management of fire regime, fuels, and fire effects in southern California
chaparral: lessons from the past and thoughts for the future. Pages 342-350 in Teresa L. Pruden and Leonard A. Brennan (eds.). Fire

in ecosystem management: shifting the paradigm from suppression to prescription. Tall Timbers Fire Ecology Conference Proceedings,
No. 20. Tall Timbers Research Station, Tallahassee, FL.

INTRODUCTION of conducting prescribed burning in chaparral vegeta-
tion, where the natural fire regime is one of high-in-
Appropriate management of fire and fuels in tensity stand-replacement fire. This paper reviews the
southern California is a complex problem that crosses state of our knowledge of chaparral fire regimes and
traditional disciplinary boundaries and requires inte- discusses the 1mphcat10n§ of possible Strategies for
gration of social and biological issues. The relationship fuel and fire management in southern California chap-
between past and present fire regimes and how they arral. o
are impacted by changing ignition and suppression Chaparral is a complex of shrubby vegetation
patterns is not well understood. The impacts of fire types, characterized by evergreen sclerophyll shrubs in
regimes on ecosystem processes and environmental genera such as Ad{enostoma, Ce_anothus, and A_" cto-
quality (vegetation development, erosion and hydrol- staphylos, that dominates many sites at low to middle
ogy, air and water quality, endangered species popu- eleva_ltlons throughout California, and into Arizona and
lations and habitats) are not well-documented. Our Mexico as well (Barbour and Major 1990, Rundel and
knowledge of fuel characteristics and their importance Vankat 1989). Notable for its intense fire behavior,
to fire behavior is incomplete. We must be realistic chapan.‘al has been classified as an intermediate fire-
about the benefits and difficulties of wide-scale pre- return interval system (FRI Pf 20-100 years) that typ-
scribed burning. And we must address the special con- ically burns in stand-replacing crown fires. Much of
cerns of managing chaparral fire regimes in areas with the chaparral occurs on steep topography, with slopes
large wildland-urban interfaces. The impacts of man- exceeding 100% not uncommon. Concern over fire
agement objectives on ecosystems and society need to management in these ecosystems is often driven by the
be clearly identified. It is critical to evaluate alternative proximity of many chaparral areas to major population
strategies for achieving those objectives, especially in centers and the tendency of chaparral fires to cause
light of air quality and other environmental concerns tremendous property damage and impacts on air qual-
surrounding prescribed fire, and the practical hazards ity, water quality, recreational opportunities, animal
habitat, erosion, and sedimentation (Spittler 1995).
! Present address: Vegetation Management and Protection Re- It is primarily the desire to lessen the societal im-
search, U.S. Department of Agriculture, Forest Service, PO. Box pacts of chaparral fires that is the driving force behind
96090, Washington, DC 20090-6090 fire suppression and fire management in many chap-
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arral ecosystems. There is considerable controversy
over the effects of fire suppression in chaparral eco-
systems and about the most appropriate ways of min-
imizing the negative impacts of fires, such as flooding,
mudslides, and residential home destruction, while
preserving healthy ecosystems. We will examine many
assumptions and conclusions concerning fire in chap-
arral in light of existing and new data and propose
alternative management schemes.

HISTORICAL FIRE REGIMES IN
CHAPARRAL

Dendrological data on historical fire regimes in
chaparral before this century are sparse or nonexistent
because above-ground stems are generally burned or
killed in fires. However, we believe that sufficient in-
formation exists to draw some inferences about past
fire regimes and how they might have been affected
by changing ignition and suppression patterns. Byrne
et al. (1977) and Byrne (1978) examined charcoal de-
posits in cores of varved sediments from the Santa
Barbara Channel to try to reconstruct historical large-
scale fire patterns on the Los Padres National Forest.
In a calibration core covering the years 1931 to 1970,
for which good fire records exist, they found good cor-
relations between years of high charcoal inputs and
large fires in the front range of the Santa Lucia Moun-
tains, and weaker correlations (delayed by a year) with
occurrence of large fires in drainages farther from the
coast. They used these relationships to analyze a core
that covered about 150 years in the 16th and 17th cen-
turies, and concluded that, over the period of the cores,
there had been a large fire about every 20 to 40 years.
As the entire area would not have burned in each of
these fires, this might translate into a fire-return inter-
val of somewhere around 50 to 150 years. Minnich’s
(1989) estimate of a current 70-year fire-return inter-
val, which is based on mapped fire perimeters from
1920 to 1971 for chaparral sites in San Diego County,
does not seem inconsistent with this.

Some have postulated that fire suppression has
drastically altered chaparral fire regimes (Minnich
1983, 1987, 1989, Minnich and Dezzani 1991). It is
postulated that effective initial attack has eliminated
the fuel-reducing influence of long-term, small fires
resulting in brief, large conflagrations that burn more
area than occurred historically. We do not find sup-
porting evidence for this hypothesis in chaparral. Since
fire suppression was not widely effective until proba-
bly the 1930’s or later, resulting increases in fire-return
intervals (decreases in area burned), or changes in fire
size or seasonality, should produce visible trends over
the course of this century. Radke et al. (1982) reported
on areas burned by decade for the Santa Monica
Mountains from 1919-1980. They show a pattern of
alternating decades of high and low areas burned (lows
of 4,000 to 10,000 hectares for the decades ending in
1930, 1950, and 1970; highs of 20,000 to 26,000 hec-
tares for the decades ending in 1940, 1960, and 1980),
but no long-term trend in area burned is visible.
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Fig. 1. Fires between 1911 and 1980 in the chaparral zone of
the San Bernardino Mountains portion of the San Bernardino
National Forest. Areas that burned once during the time period
are shown in dots. Areas that burned more than once are cross-
hatched. The heavy black line denotes the upper boundary of
the chaparral zone.

The San Bernardino National Forest shows a sim-
ilar pattern. From 1911 to 1980, about 85% of the
chaparral area in the San Bernardino Mountains was
burned (Figure 1), some of it as many as three times
(data on file at San Bernardino National Forest). At
this rate, it will take about 80 years for all of the chap-
arral in the San Bernardino Mountains to burn at least
once; again, an average fire-return interval of about
50-70 years does not seem unreasonable. If we look
at maps of fire areas by decade for the entire San Ber-
nardino National Forest, where the fire data are dom-
inated by chaparral fires (Figure 2), no clear patterns
emerge of areas burned or of fire size. While these
maps do not show individual fire boundaries, by and
large, in a decadal time frame, individual fires show
up as discrete patches. Furthermore, it appears quite
clear that large fires were common in the 1910’s
through 1930’s, just as they are today. The major ev-
idence of changing fire regimes in the San Bernardino
Mountains is the relatively high fire frequency in a
zone that corresponds to the railway line and freeway
across Cajon Pass (Figure 1). We attribute this to in-
creased ignition frequency, primarily associated with
the railroad and highways that cross the pass in this
area. Minnich (1983) also documented extremely high
ignition rates and acreages burned at Camp Pendleton
Marine Base, largely as a result of military munitions
exercises. Between 1972 and 1980, 46.8% of Camp
Pendleton burned (Minnich 1983). This is over six
times the percentage of area burned for other chaparral
and coastal sage sites in southern California during the
same period and would translate into a local fire-return
interval of 19 years for that period. Data from the San
Bernardino National Forest illustrate that little change
in number of mapped fires has occurred since the
1930’s (Figure 3a). During the same period, regional
population and access to remote areas have increased.
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Fig. 2. Areas burned by decade for the San Bernardino Moun-
tains and San Jacinto Mountains portions of the San Bernardino
National Forest. Dark areas are actual fire perimeters.

Parallelling the changing ignition load has been a
huge growth in fire suppression activities, beginning
with mobilization of large numbers of ground crews
in the 1930’s and expanded to include use of aerial fire
suppression in the 1950°s (Cermak 1996). In the bal-
ance between these opposing changes, there is no ev-
idence of trend in the annual area burned (Figure 3b)
between 1910 and the present, as we would expect if
fire suppression had been successful in altering aver-
age fire-return intervals. The major obvious change ap-
pears to be a decrease in average fire size (Figure 3
c,d) in the later half of this century. This would be
expected as a result of the success of fire suppression
at controlling most fires at very small sizes, and pro-
vides little insight into the patterns of the large fires
that burn the majority of the area. Fire size class dis-
tribution by decade, reported by Minnich (1983), for
the southern California region shows no evident trends
in fire size or in numbers of fires for fires greater than
40 hectares over the period 1911-1980 (Figure 4a, b),
supporting the hypothesis that the decrease in fire size
is driven primarily by larger numbers of very small
fires.

Most of the area burned in southern California
chaparral is in the fall months (e.g., Radke et al. 1982).
This coincides with periods of high offshore winds
(Schroeder et al. 1964), known as either Santa Anas
or Sundowners, depending on the location. While

Santa Ana winds can occur in essentially any month
but August, the greatest frequency and duration is in
the fall months, from September to December, with a
peak in October through December (Schroeder et al.
1964, Weide 1968). The frequency and intensity of
Santa Ana winds decreases from north to south in
southern California (B. Meisner, personal communi-
cation). If Santa Ana winds are the primary cause of
large chaparral fires, we would expect the occurrence
of large fires to decrease southward through southern
California and into Baja California.

Under natural conditions, lightning would have
been the primary ignition source for chaparral fires.
Minnich (1988) summarized lightning ignition data for
the San Bernardino Mountains over a 15-year period,
and found the greatest frequency of ignitions in July
(average of 19/year) and August (27/year). However,

it was not uncommon for significant numbers of ig-

nitions to also occur in September (5/year) and Octo-
ber (2/year), and occasional ignitions were reported
even in November and December. While lightning
fires in July and August are generally kept to fairly
small sizes by fire suppression, under natural condi-
tions some of these fires would likely have held over
in canyons, tree stumps, etc. for several weeks or
months and provided ignition sources for wind-driven
fires in the fall months (Minnich 1987). Minnich
(1987) documented a pattern such as this for three fires
in the Mount Wilson area during the late 1800’s (1896,
1898, 1900). These fires ignited in late July and late
August and burned for several months, with periods
of smoldering or slow progression alternating with ag-
gressive runs when weather became hot or windy.

While most fires in chaparral are currently caused
by human ignitions (an average of 72% of all fires on
the San Bernardino National Forest are human-
caused), a significant percent are caused by lightning.
Keeley (1982), for example, reported that 19% of the
lightning-caused fires in California were in chaparral
during the 1970’s. It appears likely that human igni-
tions in the fall may simply have replaced held over
unsuppressed lightning ignitions in summer as the pri-
mary mechanism for generating ignition sources dur-
ing periods of high fire hazard. Even though most of
the acreage in southern California chaparral is now
burned in human-caused fires, it is unlikely that there
has been a large shift in the seasonality of the large
fires that burn most of the acreage. Based on Strauss
et al. (1989), the largest 10% of the fires in southern
California burn over 90% of the acreage. These large
fires typically are associated with severe fire weather
conditions that prevent effective suppression. Minnich
(1983) estimated that, between 1972 and 1980, over
70% of the area burned in southern California chap-
arral was burned after September 1. Large burned ar-
eas were almost always associated with high winds.
Even mature chaparral (especially the broad-leaved
mixed chaparral types) is relatively nonflammable ex-
cept under conditions of very low fuel moisture or
high winds (Philpot 1977).

At this point we find no evidence that fire sup-
pression has significantly altered landscape-level fire
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Fig. 3. Annual number of fires (3a), acres burned (3b), mean fire size (3c); and number of fires and mean fire size by decade (3d)

for the San Bernardino National Forest from 1910-1990.

regimes in southern California chaparral. Suppression
appears, in fact, to have been an essential factor in
maintaining something approximating historical fire
regimes in the face of increased ignition loads. This
conclusion runs counter to the hypothesis of Minnich
(1995) that fire regimes in southern California chap-
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Fig. 4. Median fire size (4a) and average annual number of
fires (4b) by decade for the four southern California national
forests. Only fires greater than 40 hectares are included. Data
based on Minnich (1983). Median and mean fire size were es-
timated by recreating an empirical distribution from Minnich’s
(1983) data which were separated into fire size classes.

arral are largely fuel-driven, rather than ignition-driv-
en. In areas of very high ignition loads (e.g., Cajon
Pass, Camp Pendleton), fire frequency seems to be
substantially higher than in other areas, supports the
idea that fire-return interval would be to a large extent
ignition-driven in the absence of active fire suppres-
sion. Fires at Camp Pendleton and Cajon Pass are ac-
tively suppressed. Therefore, we do not expect that
there have been negative ecosystem impacts from fire
suppression in chaparral. On the contrary, it is more
likely that there would have been negative impacts in
the absence of active fire suppression as a result of
greatly decreased fire-return intervals.

FUEL DEVELOPMENT IN CHAPARRAL

Patterns of fuel accumulation and flammability in
chaparral must also be considered in the context of fire
management. General trends are for fuels to increase
after fire (Figure 5) and perhaps for the rate of increase
in biomass to begin to level out after 20 to 40 years.
However, it is important to note the great variability
in biomass of mature stands and in rates of fuel ac-
cumulation. As chaparral stands mature, it has gener-
ally been held that there is a gradual increase in dead
fuels (about 1% per year) that is a major cause of
increasing flammability (Green 1981, Rothermel and
Philpot 1973). This assumption has been incorporated
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Fig. 5. Biomass accumulation in southern California chaparral
as related to stand age. Sources for data: a. Rundel and Par-
sons (1979); b. Riggan et al. (1988); c. Specht (1969); d. Stohl-
gren et al. (1984); e. Schlesinger and Gill (1980); f. Gray (1982);
g, h. Rothermel and Philpot (1973), fuel models for mixed chap-
arral and chamise chaparral, respectively.

into the basic fuel models for chaparral used to predict
fire behavior, and has been a basis for chaparral man-
agement strategies (Philpot 1974, Cohen 1986). More
recent research, however, has cast doubt on this gen-
eral model. Paysen and Cohen (1990) found no general
age-dependent regional relationships for accumulation
of dead material in chamise chaparral. In fact, resam-
pling of one stand at 33 and 55 years showed no sig-
nificant changes either in percent dead or in fuel size
class distribution. Percent dead of stands 31 to 55
years old ranged from 25 to 30%. Evidence points to
a likely overprediction of percent dead in this model]
for many older stands. Studies throughout southern
California (Hardy et al. 1996, Riggan et al. 1988) have
occasionally found percent dead values up to about
45% but, at least for stands 21 to 35 years of age,
extremely high within and between site variability is
common, with typical values of 5 to 35% for both
. chamise and Ceanothus-dominated sites (e.g. Paysen
and Cohen 1990, Riggan et al. 1988). Montygierd-
Loyba and Keeley (1987) also report high vigor and
small amounts of dead material for old stands of mixed
chaparral in the Santa Monica Mountains.

While wind is recognized as an important factor
contributing to fire spread (Wilson 1962), the factors
that govern fire spread in chaparral and other live fuels
are not well understood (Cohen et al. 1995, Martin and
Sapsis 1987, Weise et al. 1991, Weise and Biging
1997). Clearly, as fuel accumulates, we expect an in-
crease in intensity and spread rate of chaparral fires
(Philpot 1977), however, it is important to note that
under conditions of high winds and low fuel moisture,
both fire spread model outputs and documentation
from individual fires show that chaparral stands of any
age can burn. Dunn (1989) investigated the fire records

for San Diego County from 1940-1984, and found that
in 11.6% of fires greater than 400 hectares, at least
400 hectares of chaparral that burned were less than
20 years old. In 59% of these 17 fires, over 30% of
the area burned was in young age classes (average of
14 years old). In 18% of these fires, over 70% of the
area was in young fuels (average age 15 years). The
age of young fuels burned ranged from 5 to 20 years.
These fires typically occurred under southwest flow or
Santa Ana conditions, and therefore would have been
associated with hot weather and/or high winds. Al-
though this is admittedly a biased sample, it illustrates
that young fuels will burn quite readily under high
hazard conditions. And most large fires are under con-
ditions of high wind that favor fire spread through all
age classes. Frontal attack on wind-driven fires in
chaparral is not particularly effective or safe. However,
moderate fire intensity associated with lower age class
fuels provides better access for crews and other
ground-based suppression actions. The most careful
analysis we have found in the literature is an analysis
of the factors that determined the fire boundary in dif-
ferent areas of the perimeter of the 1985 Wheeler fire
(Dunn and Piirto 1987). They concluded that 47% of
the boundary was established by burnout operations
(most of which were either from roads or existing fuel-
breaks), 14% was due to fuel type changes, 9% to
obstructions, 11% to weather changes (areas affected
by marine air), and 10% to direct attack. They also
observed that the fire burned around an earlier (1984)
burn, but that neighboring burns that had occurred 10
years previously appeared to have no effect on fire
perimeter. This analysis points up the value of a fuel-
break system (including roads) in providing access for
burnout operations and other defensive actions in
chaparral wildfires. Dunn and Piirto (1987) speculate
that if there had been a fuel break system in the central
area of the fire, it might have been kept to a consid-
erably smaller size.

While large fire size and occurrence in chaparral
do not appear to have changed in this century of fire
suppression, property damage, costs of sediment man-
agement, impacts on water quality and other negative
societal impacts from chaparral fires are still unac-
ceptably high. There is still the issue of how to best
manage fire size and intensity to minimize negative
social and economic impacts (including the costs of
fire suppression!). Furthermore, it is important to rec-
ognize that even if large fires are natural they may not
necessarily be desirable from a societal point of view.
Some management of fire size and distribution across
the landscape, within the natural range of variability
for chaparral, is desirable to minimize negative soci-
etal impacts while maintaining healthy ecosystems.

STRATEGIES FOR FIRE MANAGEMENT
IN CHAPARRAL

Current forest plans for the four southern Califor-
nia national forests (Los Padres, Angeles, San Bernar-
dino, Cleveland) emphasize the use of extensive pre-
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Fig. 6. Areas treated with prescribed fire for the four southern California national forests and the California Department of Forestry
Vegetation Management Program (VMP) 1981-1994. Data unavailable for Cleveland NF prior to 1990 and for Angeles NF prior to
1984. Data compiled from National Forest and California Department of Forestry sources.

scribed fire to divide the fuel matrix into a mosaic of
age classes in an attempt to manage the size of fires
in chaparral (USDA Forest Service undated a, 1987,
1988, undated b). These plans typically call for rota-
tional burning of chaparral on a 20- to 50-year fire-
return interval. The current forest plans call for a target
of burning an average of about 53,000 acres (20,000
hectares) per year on the four southern California na-
tional forests. This strategy has two inherent assump-
tions: 1) that a small-scale mosaic will control the size
of large fires by fuel reduction in local areas, and 2)
that rotational burning on a 20- to 50-year return in-
terval can be accomplished. It is also assumed that a
small-scale mosaic may minimize soil damage and re-
duce resource impacts by keeping large percentages of
a watershed vegetated.

While an age-class mosaic could be effective at
moderating fire intensity in young stands, and for mak-
ing fires more amenable to control, especially under
moderate burning conditions and on the flanks of a
fire, it is important to recognize that a high-intensity
fire will typically burn through any age class of veg-
etation. And, as discussed earlier, these are the fires
that burn most of the acreage. Control is often asso-
ciated with changes in weather, in conjunction with
changes in fuel type or successful burnouts. However,
such fires can burn easily through stands even 5-10
years old (Dunn 1989, Dunn and Piirto 1987) and most
anecdotal accounts of effectiveness of age-class
boundaries in stopping or diverting wind-driven chap-

arral fires relate to stands less than 5 years old. If we
wish to maintain the diversity of natural chaparral eco-
systems and wildlife habitats, and minimize long-term
erosion, it is obviously not practical or desirable to
maintain everything in these very young age classes.
There is ample evidence that increases in fire frequen-
cy of this magnitude can have potentially major effects
on vegetation composition and structure, and may tend
to seriously degrade vegetation toward more flamma-
ble types (Zedler et al. 1983).

Even if mosaic burning could accomplish the de-
sired fire management objectives without causing neg-
ative ecological impacts, there is considerable doubt
about the feasibility of implementing use of prescribed
fire on such a large scale. To accomplish these types
of goals, current forest plans have proposed annual
treatment areas of 25,000 acres (12,000 hectares) on
the Los Padres, 18,000 acres (9,000 hectares) on the
Angeles, 5,500 acres (2,500 hectares) on the San Ber-
nardino, and 7,500 acres on the Cleveland (USDA For-
est Service undated a, 1987, 1988, undated b). Figure
6 shows the available data on prescribed burning for
these forests from 1981 to 1994.

While prescribed fire programs on the Angeles,
Los Padres, and San Bernardino National Forests av-
eraged 13,300 acres per year from 1984-1988 (29%
of the acreage proposed in forest plans), since 1989
these acreages have dropped off dramatically to an av-
erage of 4,000 acres per year (1989-1994; 9% of pro-
posed acreage). Even with increased funding for fuel
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management activities, there is little reason to believe
that prescribed fire activity levels could ever be suffi-
cient to achieve a landscape-level mosaic of the type
envisioned when the current forest plans were drafted.
Based on the estimated average cost of $250/acre for
prescribed burning on California national forests (Bell
et al. 1995), the cost of burning 50,000 acres/year in
southern California alone might be as high as 12.5
million dollars!

Many things make it difficult to realize these goals
(Bakken 1995, Pierpont 1995, Nehoda 1995, Williams
1995), and several of these constraints are expected to
get worse over time:

* Smoke management/air quality/water quality and
other environmental concerns;

» Concerns over the risks of burning (e.g., loss of
structures) in the wildland-urban interface;

* Equipment and manpower resource conflicts with
fire suppression (prescribed fire activities are low
priority if wildfires are burning);

» Lack of adequate trained personnel;

* Risk-aversion on the part of fire-management per-
sonnel and organizations, due to perceived lack of
institutional support, fear of lawsuits, inexperience,
and other factors;

* Budget constraints;

» Public opposition (especially to burning during the
active fire season, to risks of wildland-urban inter-
face fires, to potential adverse effects on wildlife,
and to smoke intrusions).

The net result of these constraints is that there is no-
where near enough area burned to accomplish the ob-
jectives of establishing a landscape mosaic. Further-
more, recent internal reports have emphasized the need
for adopting new strategies for fire and fuel manage-
ment in the wildland-urban interface (Federal Wildland
Fire Management Policy and Program Review 1995,
USDA Forest Service 1995).

RECOMMENDATIONS

In light of the above information, we propose a
strategic approach to fuel and fire management in
chaparral, with three major objectives:

1. To contain wildland fires strategically within easily
defended boundaries;

2. To maintain a chaparral fire regime that fosters
healthy, sustainable ecosystems in wildland areas;

3. To separate urban interface areas from natural fuel
complexes, both to protect urban interface areas
from wildland fires and to protect wildlands from
fire starts in the urban interface.

For these purposes, landscape mosaics are impractical,
unnecessary, and probably not particularly effective.
We basically recommend shifting the management fo-
cus away from pure mosaic burning toward develop-
ment (and rejuvenation) of strategically placed fuel
management zones. We envision a program with two
major components: 1) strategically placed dynamic
fuel management zones in wildland areas to provide

access for attacking fires (burning out, retardant drops,
etc.) by providing areas of reduced fuel load and fire
intensity, and 2) intensive fire risk management zones
(developed in cooperation and with shared responsi-
bility with local agencies and landowners) around high
value areas, such as in the wildland-urban interface or
areas of particular fire sensitivity in the wildlands.
With this modified approach, the approach shifts from
burning every hectare of chaparral on a rotational basis
to strategically burning portions of the chaparral area.

The fuel management zones are envisioned as fair-
ly broad areas that take advantage of natural features
and human-constructed barriers such as roads, that
would be managed using rotational burning, site con-
version, and other fuel modification techniques, to
maintain temporally and spatially dynamic areas of re-
duced fuel within the fuel management zone. One can
envision these reduced fuel areas as fuel breaks that
are moved around the landscape over time rather than
fixed on ridge tops. These reduced fuel areas would
provide areas of access for ground and aerial fire sup-
pression forces as well as burnout or other fireline con-
struction when fires occurred. Within the watershed
areas defined by these dynamic fuel break belts, nat-
ural and accidental human ignitions would be the ma-
jor mechanism for fire starts, although prescribed fires
might also be used in these areas under certain circum-
stances (e.g., if fire hazard was increased by episodes
of dieback, if ignitions were not occurring under ap-
propriate conditions and at appropriate intervals, or if
there were specific wildlife or sediment management
needs). Fire suppression would remain active to ensure
that fire-return intervals were not shortened excessive-
ly in areas of high ignition loads and to ensure that
most of the area was still burned during the normal
fire season. Each watershed zone would have a pre-
scription defining clearly the conditions under which
fires would be allowed to burn, and under which con-
ditions, and with what strategies (e.g., confine, contain,
use of burning out), they would be suppressed. In rec-
ognition that mosaic prescribed burning is an unreal-
istic approach, southern California national forests
have already begun moving in this direction. An ex-
cellent example is the fire and landscape planning ap-
proach that is being developed and implemented on
the San Jacinto District of the San Bernardino National
Forest. This approach is similar to that proposed by
Hanes (1971).

In the immediate wildland-urban interface, we be-
lieve that a different and often more intensive ap-
proach is often necessary. Management in this zone
must have two objectives: both to prevent ignitions
from populated areas from adversely impacting natural
resources of the wildlands and to prevent fires that start
on wildlands from causing property destruction and
loss of life. In this zone, any approach to management
will necessarily involve a diversity of stakeholders.
Many aspects of the solution will be the responsibility
of local landowners and of local governments, rather
than of land management agencies. Through exercise
of this joint responsibility, the goal should be to use a
combination of intensive fuel management zones (on
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both public and private land as appropriate) with zon-
ing codes and various community actions and policies
to minimize potential fire intensity around structures.
Additional goals include fire safe homes, adequately
designed and staffed community fire protection sys-
tems, appropriate agreements for interagency cooper-
ation and initial attack responsibilities, public and
agency personnel knowledgeable of interface fire haz-
ards, prevention, and mitigation. An effort to develop
a mode] urban-wildland interface fire code is currently
underway (International Fire Code Institute 1995).
These steps are prerequisites to the ability to structure
planning and response systems so that agencies such
as the Forest Service can maintain their focus on re-
source protection and management in balance with the
need to protect life and property.

LITERATURE CITED

Bakken, S. 1995. Conflicts between natural resources and struc-
tural protection. Pages 105-107 in D.R. Weise and R.E.
Martin (technical coordinators).The Biswell Symposium:
fire issues and solutions in urban interface and wildland
ecosystems. General Technical Report PSW-GTR-158, U.S.
Department of Agriculture, Forest Service, Pacific South-
west Research Station, Albany, CA.

Barbour, M.G., and J. Major. 1990. Introduction. Pages 3-10 in
M.G. Barbour and J. Major (eds.). Terrestrial vegetation of
California. Special Publication Number 6, California Native
Plant Society, Sacramento.

Bell, E., D.A. Cleaves, H. Croft, S. Husari, E. Schuster, and D.
Truesdale. 1995. Fire economics assessment report. Unpub-
lished manuscript. U.S. Department of Agriculture, Forest
Service, Washington, DC.

Byrne, R., J. Michaelson, and A. Soutar. 1977. Fossil charcoal
as a measure of wildfire frequency in southern California:
a preliminary analysis. Pages 361-367 in H.A. Mooney and
C.E. Conrad (eds.). Symposium on the environmental con-
sequences of fire and fuel management in Mediterranean
ecosystems. General Technical Report WO-3, U.S. Depart-
ment of Agriculture, Forest Service, Washington, DC.

Bymne, R. 1978. Fossil record discloses wildfire history. Cali-
fornia Agriculture 10:13-14. '

Cermak, R. 1996. The history of wildfire. Pages 152-161 in R.
Slaughter (ed.). California’s I- ZONE: urban/wildland fire
prevention and mitigation. State of California, Sacramento.

Cohen, J.D. 1986. Estimating fire behavior with FIRECAST:
user’s manual. General Technical Report PSW-90, U.S. De-
partment of Agriculture, Forest Service, Pacific Southwest
Forest and Range Experiment Station, Berkeley, CA.

Cohen, J.D., C. Grant, R. Hartford, R. Inman, L. Mahaffey, M.
Miller, S. Petersburg, J. Saveland, D. Weise, and G. Zschae-
chner. 1995. Live fuel moisture: a report on the collection,
distribution, and utility of live fuel moisture information for
the Interagency Management Review Team, South Canyon
Fire. Unpublished manuscript on file with authors.

Dunn, A.T. 1989. The effects of prescribed burning on fire haz-
ard in the chaparral: toward a new conceptual synthesis.
Pages 23-24 in N.H. Berg (technical coordinator). Proceed-
ings of the symposium on fire and watershed management.
General Technical Report PSW-109, U.S. Department of
Agriculture, Forest Service, Pacific Southwest Forest and
Range Experiment Station, Berkeley, CA.

Dunn, A.T, and D. Piirto. 1987. The Wheeler Fire in retrospect:
factors affecting fire spread and perimeter formation. Report
on file at: U.S. Department of Agriculture, Forest Service,
Forest Fire Laboratory, Riverside, CA.

Federal Wildland Fire Management Policy and Program Review.

1995. U.S. Department of Agriculture and U.S. Department
of Interior, Washington, DC. Available from Bureau of
Land Management, National Interagency Fire Center, Boise,
ID.

Gray, J.T. 1982. Community structure and productivity in Cea-
nothus chaparral and coastal sage scrub of southern Cali-
fornia. Ecological Monographs 52:415-435.

Green, L.R. 1981. Burning by prescription in chaparral. General
Technical Report PSW-51, U.S. Department of Agriculture,
Forest Service, Pacific Southwest Forest and Range Exper-
iment Station, Berkeley, CA.

Hanes, T.L. 1971. Succession after fire in the chaparral of south-
ern California. Ecological Monographs 41:27-52.

Hardy, C.C., S.G. Conard, J.C. Regelbrugge, and D.R. Teesdale.
1996. Smoke emissions from prescribed burning of south-
ern California chaparral. Research Paper PNW-RP-486,
U.S. Department of Agriculture, Forest Service, Pacific
Northwest Forest and Range Experiment Station, Portland,
OR.

International Fire Code Institute. 1995. IFCI Urban-Wildland In-
terface Code (first draft). International Fire Code Institute,
‘Whittier, CA.

Keeley, J.E. 1982. Distribution of lightning and man-caused
wildfires in California. Pages 431-437 in Proceedings Sym-
posium on dynamics and management of Mediterranean-
type ecosystems. General Technical Report PSW-58, U.S.
Department of Agriculture, Forest Service, Pacific South-
west Forest and Range Experiment Station, Berkeley, CA.

Martin, R.E., and D.B. Sapsis. 1987. A method for measuring
flame sustainability of live fuels. Pages 71-74 in Proceed-
ings 9" conference on fire and forest meteorology. Ameri-
can Meteorology Society, Washington, DC.

Minnich, R.A. 1983. Fire mosaics in southern California and
northern Baja California. Science 219:1287-1294.

Minnich, R.A. 1987. Fire behavior in southern California chap-
arral before fire control: the Mount Wilson burns at the turn
of the century. Annals of the Association of American Ge-
ographers 77:559-618.

Minnich, R.A. 1988. The biogeography of fire in the San Ber-
nardino Mountains, California. University of California
Publications in Geography Vol. 28, University of California
Press, Berkeley.

Minnich, R.A. 1989. Chaparral fire history in San Diego County
and adjacent northern Baja California: an evaluation of nat-
ural fire regimes and the effects of suppression manage-
ment. Pages 37-47 in S.C. Keeley (ed.). The California
chaparral: paradigms reexamined. Science Series No. 34.
Natural History Museum of Los Angeles County, CA.

Minnich, R.A. 1995. Fuel-driven fire regimes of the California
chaparral. Pages 21-27 in J.E. Keeley and T. Scott (eds.).
Brushfires in California wildlands: ecology and resource
management. International Association of Wildland Fire,
Fairfield, WA.

Minnich, R.A., and R.J. Dezzani. 1991. Suppression, fire behav-
ior and fire magnitudes in Californian chaparral at the ur-
ban/wildland interface. Pages 67-83 in J.J. DeVries and
S.G. Conard (eds.). California watersheds at the urban in-
terface: proceedings of the third biennial watershed confer-
ence. California Water Resources Center Report No. 75.
California Water Resources Center, Riverside.

Montygierd-Loyba, TM., and J.E. Keeley. 1987. Demographic
structure of Ceanothus megacarpus chaparral in the long
absence of fire. Ecology 68:211-213.

Nehoda, K. 1995. Prescribed fire: why aren’t we doing more?—
A state perspective. Pages 29-30 in D.R. Weise and R.E.
Martin (technical coordinators). The Biswell Symposium:
fire issues and solutions in urban interface and wildland
ecosystems. General Technical Report PSW-GTR-158, U.S.
Department of Agriculture, Forest Service, Pacific South-
west Research Station, Albany, CA.

Paysen, T.E., and J.D. Cohen. 1990. Chamise chaparral dead fuel



350 CONARD AND WEISE

fraction is not reliably predicted by age. Western Journal of
Applied Forestry 5:127-131.

Philpot, C.W. 1974. The changing role of fire on chaparral lands.
Pages 131-150 in M. Rosenthal (ed.). Symposium on living
with the chaparral: proceedings. Sierra Club Special Pub-
lication, San Francisco, CA.

Philpot, C.W. 1977. Vegetative features and determinants of fire
frequency and intensity. Pages 12-16 in H.A. Mooney and
C.E. Conrad (eds.). Symposium on the environmental con-
sequences of fire and fuel management in Mediterranean
ecosystems. General Technical Report WO-3, U.S. Depart-
ment of Agriculture, Forest Service, Washington, DC.

Pierpont, D.A. 1995. Prescribed fire: why aren’t we doing
more?—A local perspective. Page 27 in D.R. Weise and
R.E. Martin (technical coordinators). The Biswell Sympo-
sium: fire issues and solutions in urban interface and wild-
land ecosystems. General Technical Report PSW-GTR-158,
U.S. Department of Agriculture, Forest Service, Pacific
Southwest Research .Station, Albany, CA.

Radke, K. W-H., AM. Arndt, and R.H. Wakimoto. 1982. Fire
history of the Santa Monica Mountains. Pages 438-443 in
Proceedings Symposium on dynamics and management of
Mediterranean-type ecosystems. General Technical Report
PSW-58, U.S. Department of Agriculture, Forest Service,
Pacific Southwest Forest and Range Experiment Station,
Berkeley, CA.

Riggan, PJ., S. Goode, PM. Jacks, and R.N. Lockwood. 1988.
Interaction of fire and community development in chaparral
of southern California. Ecological Monographs 58:155—
176.

Rothermel, R.C., and C.W. Philpot. 1973. Fire in wildland man-
agement: predicting changes in chaparral flammability.
Journal of Forestry 71:640-643.

Rundel, PW., and D.J. Parsons. 1979. Structural changes in
chamise (Adenostoma fasciculatum) along a fire-induced
age gradient. Journal of Range Management 32:462-466.

Rundel, PW., and J.L. Vankat. 1989. Chaparral communities and
ecosystems. Pages 127-139 in S.C. Keeley (ed.). The Cal-
ifornia chaparral: paradigms reexamined. Science Series
No. 34. Natural History Museum of Los Angeles County,
CA.

Schlesinger, W.H., and D.S. Gill. 1980. Biomass, production, and
changes in the availability of light, water, and nutrients dur-
ing the development of pure stands of the chaparral shrub,
Ceanothus megacarpus, after fire. Ecology 61:781-789.

Schroeder, M.J., M. Glovinsky, and V. Hendricks. 1964. Syn-
optic weather patterns associated with critical fire weather.
Contract OCD-05-62-143, U.S. Department of Agriculture,
Forest Service, Pacific Southwest Forest and Range Exper-
iment Station, Berkeley, CA.

Specht, R.L. 1969. A comparison of sclerophyllous vegetation
characteristic of Mediterranean-type climates in France,
California, and southern Australia. II. Dry matter, energy

and nutrient accumulation. Australian Journal of Botany 48:
293-308.

Spittler, TE. 1995. Fire and the debris flow potential of winter
storms. Pages 113-120 in J.E. Keeley and T. Scott (eds.).
Brushfires in California wildlands: ecology and resource
management. International Association of Wildland Fire,
Fairfield, WA.

Stohlgren, T.J., D.J. Parsons, and P.W. Rundel. 1984. Population
structure of Adenostoma fasciculatum in mature stands of
chamise chaparral in the southern Sierra Nevada, California.
Oecologia 64:87-91.

Strauss, D., L. Bednar, and R. Mees. 1989. Do one percent of
the fires cause ninety-nine percent of the damage? Forest
Science 35:319-328.

USDA Forest Service. undated. a. Land and Resource Manage-
ment Plan—Los Padres National Forest. U.S. Department
of Agriculture, Forest Service, Southwest Region, San Fran-
cisco, CA.

USDA Forest Service. undated. b. Land and Resource Manage-
ment Plan—Cleveland National Forest. U.S. Department of
Agriculture, Forest Service, Southwest Region, San Fran-
cisco, CA.

USDA Forest Service. 1987. Angeles National Forest Land and
Resources Management Plan. U.S. Department of Agricul-
ture, Forest Service, Southwest Region, San Francisco, CA.

USDA Forest Service. 1988. San Bernardino National Forest
Land and Resource Management Plan—Final Management
Plan. U.S. Department of Agriculture, Forest Service,
Southwest Region, San Francisco, CA.

USDA Forest Service. 1995. Strategic Assessment of Fire Man-
agement in the USDA Forest Service. U.S. Department of
Agriculture, Forest Service, Fire and Aviation Management,
San Francisco, CA.

Weide, D.L. 1968. The geography of fire in the Santa Monica
Mountains. Thesis. California State College, Los Angeles.

Weise, D.R., D.E. Ward, TE. Paysen, and A.L. Koonce. 1991.
Burning California chaparral—an exploratory study of
some common shrubs and their combustion characteristics.
International Journal of Wildland Fire 1:153-158.

Weise, D.R., and G.S. Biging. 1997. A qualitative comparison
of fire spread models that contain wind and slope. Forest
Science 43:170-180.

Williams, J.'T. 1995. Prescribed fire: why aren’t we doing
more?—A national perspective. Pages 31-32 in D.R. Weise
and R.E. Martin (technical coordinators). The Biswell Sym-
posium: fire issues and solutions in urban interface and
wildland ecosystems. General Technical Report PSW-GTR-
158, U.S. Department of Agriculture, Forest Service, Pacific
Southwest Research Station, Albany, CA.

Wilson, R. 1962. The Los Angeles conflagration of 1961—the
Devil Wind and wood shingles. National Fire Protection
Association Quarterly 55-9:242-288.

Zedler, PH., C.R. Gautier, and G.S. McMaster. 1983. Vegetation
change in response to extreme events: the effect of short
interval between fires in California chaparral and coastal
sage scrub. Ecology 64:809-818.





