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Reexamining Fire Suppression 
Impacts on Brushland Fire 
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California shrubland wildfires are increasingly destructive, and it is widely held 
that the problem has been intensified by fire suppression, leading to larger, 
more intense wildfires. However, analysis of the California Statewide Fire 
History Database shows that, since 1910, fire frequency and area burned have 
not declined, and fire size has not increased. Fire rotation intervals have de- 
clined, and fire season has not changed, implying that fire intensity has not 
increased. Fire frequency and population density were correlated, and i t  is 
suggested that fire suppression plays a critical role in offsetting potential 
impacts of increased ignitions. Large fires were not dependent on old age classes 
of fuels, and i t  is thus unlikely that age class manipulation of fuels can prevent 
large fires. Expansion of the urban-wildland interface is a key factor in wildland 
fire destruction. 

Califoinia shmblands frequently fuel massive 
high-intensity wildfires that are of increasing 
concern to resource nlanagers and the public. 
Despite increased expenditures on fire sup- 
pression, each new decade experiences in- 
creased loss of property and lives from brush- 
land wildfires (1). By the middle of this 
century, it was suggested that the problem 
stemmed in large pait from the burgeoning 
population and poor zoning regulations atten- 
dant with urban sprawl into the foothills (2). 

leads to fewer, but larger and more illtense 
fires (4). 

A 9-year Landsat imagery record that 
showed that fires between 5000 and 10,000 
ha were slightly more abundant in southein 
California than in adjacent Baja Califoinia 
(5) has been widely cited as support for a link 
between fire suppression and fire size. On the 
basis of this study, it has been hypothesized 
that large wildfires in California shi-ublands 
are a modern artifact, due to fire suppression, 

Accepting expanded urbailizatioil as the and that they can be prevented by creation of 
source of the wildfire problein has profound a inosaic landscape of patches of different 
economic and political implications. An al- ages ( 6 ) .  The model is predicated on asser- 
ternative view to emerge in the early 1970s tions that, because of fire suppression, (i) the 
was that the primary problem was tied to the nuinber of fires has declined over time, (ii) 
overly successful state and federal fire sup- fires are substantially larger today than in the 
pression programs. As a consequence of past, (iii) contemporary fires burn with great- 
eliminating fires froin the wildland ecosys- er intensity than in the past, (iv) large fires 
tein, it has been widely held that we have result from extensive stands of very old age 
exacerbated the situation by allowing unnat- classes, and (v) there has been a decline in 
ural fuel accuinulation (3). Thus, when the area burned, as suggested by soine (3), but 
inevitable fire does come, it is larger and not all (j), studies. None of these assertions 
more destructive. A computer inodel relating have been documented. 
fire size to chapalgal fuel loading predicted To investigate historical changes in fire 
that the prevailing nlanagement strategy of 
fire suppression in California brushlands 
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regimes, we used the recently available Cal- 
ifornia Statewide Fire History Database, 
which includes all records fi.0111 the Califor- 
nia Department of Forestry and U.S. Forest 
Service and other county records (7).  We 
limited our analysis to counties dominated by 
shn~blands with a stand-replacing fire re- 
gime: from north to south, Monterey, San 
Luis Obispo, Santa Barbara, Ventura, Los 
Angeles, San Bernardino, Riverside, Orange, 
and San Diego. Records date from the late 
19th century for some counties and from at 
least 1910 for others (8). 

Collectively, since 19 10, there has been a 
highly significant increase (I.' = 0.61, P < 
0.01, il = 9) in the number of fires per 
decade. This increase is due largely to south- 
ein California counties, which also had sig- 

nificant increases in area burned (Fig. 1) (9). 
In no county was there a significant decline in 
number of fires or area burned. All counties 
exhibited significant interdecadal differences 
in area burned [P < 0.01, one-way analysis 
of variance (ANOVA)]. For most counties, 
the 1920s and 1970s were high and the 1930s 
and 1960s low. Collectively, area burned was 
significantly correlated (i.' = 0.71, P < 0.01, 
n = 9) with number of fires, which was also 
correlated (i.' = 0.51, P < 0.05, rr. = 9) with 
population density (10). 

All counties reported veiy large fires froin 
the beginning of record keeping; indeed, one 
of the largest fires in Los Angeles County 
was a 24,076-ha fire in 1878 (Fig. 2). During 
the 20th centuiy, there has been no increase 
In mean fire size for any county, but four 
exhibited significant declines (Fig. 2). One 
contributor to this decline could be a pumoit- . . 
ed inclination by agencies early in the centuiy 
to not record veiy s~nall fires (8). However, if 
fires less than 100 ha in size are removed 
from the data set, there is still a slight down- 
ward trend in fire size this century (all coun- 
ties combined, I.' = 0.02, P < 0.001, n = 

2766). Another factor that could explain a 
trend toward smaller mean fire size is the 
increase in human-caused (11) ignitions (Fig. 
I), coupled with the fact that many are ignited 
under moderate weather conditions and along 
roadways, factors contributing to their sup- 
pression at a small size (12). If we focus just 
on large fires, greater than 1000 ha, the trend 
toward smaller fires disappears, but still no 
couilty had a significant increase in fire size 
(ranges: 1.' = 0.00 to 0.02, P > 0.10 to 0.99, 
17 = 82 to 159). The assertion that large 
wildfires are an artifact of inodeln fire sup- 
pression is not supported. 

Contrasting fires after 1950, when fire 
suppression impacts would be greatest (13), 
with those in and before 1950, we see no 
significant change in pattern of burning (Fig. 
3A); a small percentage of fires account for 
the bulk of area burned, now and in the past 
[lo% of the fires accounted for 75% (in and 
before 1950) to 79% (after 1950) of the area 
burned]. The primary change has been in the 
proliferation of fires between 10 and 100 ha 
(Fig. 3B), reflecting both increased ignitions 
under moderate conditions-that favor sup- 
pression-and increased reporting of small 
fires. In these bmshland ecosystems, the fre- 
quency of sinall to inediuin size fires cannot 
be used to quantify the risk of large fires (14). 

Contrasting fire regimes between the first 
and second halves of this century, we found 
that fire frequency increased in all but one 
county (Table 1). The majority of counties 
exhibited no significant change in mean or 
median fire size; however, three southern 
Califoinia couilties had highly significant de- 
clines in mean fire size. Fire rotation inter- 
vals, the time required to buin the equivalent 
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Fig. 1 (left). Area burned (bars) and fire frequency (circles) by decade (1910-1990) for brush-dominated counties in  central-coastal and southern 
California. r 2  is included only when significant: *, P < 0.05; **, P < 0.01; ***, P < 0.001. Fig. 2 (right). Magnitude o f  individual fire size for al l  
records for brush-dominated counties. 

Table 1. Brush-covered area as of 1985 and fire statistics for 1910-1950 and 1951-1997 with estimated fire rotation interval (area of brush (22)laverage area 
burned) for California counties. Trends with medians are the same for each county. 

County 

Monterey 
San Luis Obispo 
Santa Barbara 
Ventura 
Los Angeles 
San Bernardino 
Riverside 
Orange 
San Diego 

Brush 
( lo3  ha) 

358 
250 
250 
189 
320 
209 
290 

42 
365 

Number of fires Mean fire size (ha) Fire rotation interval (years) 

Before 1951 After 1950 Before 1951 

1220 
1760 
1622 
1568 
827 
609 
871 

1721 
939 

After 1950 

1998 
2068 
2341 
1508 
360 
480 
565 

1317 
544 

Before 1951 After 1950 

11 5 64 
60 48 
47 81 

121 34 
44 30 
46 3 7 

225 38 
36 29 
3 5 41 

of the total blush area in the county (Table l) ,  
declined in all but two counties (15). 

These fire rotation intervals do not support 
the assertion that large fires derive from ancient 
stands of brush. To investigate the hue fire 
return interval, n e used digitized fire maps for 
the Santa Monica Mountains in Los Angeles 
and Ventura counties (16). Fires in this bmsh- 
dominated range have included numerous large 
catashophic and costly fires, such as the 1961 
Be1 Aire Fire or the recent 1993 Green Meadow 
Fire. Age classes of fuels consumed by all fires 
exceeding 5000 ha in the past 30 years deinon- 
stsate that large fires are not dependent on old 

classes (Fig. 4). Collectively, there was a sig- 
nificant (P < 0.05 with one-way ANOVA, iz = 

8) difference across age classes, with filels 11 to 
20 years old representing 38%. which was inore 
than double the consumption of older age class 
fuels. Because of the proximity of this range to 
urban centers, the age classes consumed may 
not be representative of more remote sites: 
however, these data demonstrate that large cat- 
astrophic wildfires are not dependent on ailcieilt 
stands of brush and contradict the assertion that 
young stands less than 20 years of age prevent 
fire spread (5. 6). 

Inferences that fires today are of greater 

intensity are based 01-1 the assertions that fire 
rotation intervals have increased and there 
has been a seasonal shift toward autumn 
burning (6). However, rotation intervals have 
generally declined (Table 1) and September 
has remained the peak month of burning 
throughout this centui-y (Fig. 5 ) .  

Humans directly affect fire regimes in two 
ways: They ignite fires and they suppress 
fires. I11 brush-covered landscapes of south- 
ern and central-coastal Califon~ia. there is no 
evidence that fire suppression has altered the 
natural stand-replacing fire regime in the 
manner suggested by others (3. 5) .  This is 
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Aae c'ass b ~ r ~ e c  Aoe class buried 
in striking contrast to co~liferous forests 
throuel~out much of the western United Fig. 4. Ace classes burned bv all fires over 5000 
state; where the stand-thinning fire regime h a  from-1967 to 1996 in2the Santa Monica 

has proveI1 alnenable to llear total fire ex- Mountains. Indicated on the abscissa are mid- 
points of age classes 1 to 10, 11 to 20, 21 to 30, clusio11, resulting in demollstrably hazard- 31 to 40, and over 40 years, 

ous fuel accu~nulation and increased poten- 
tial for catastrophic wildfires ( 1  7) .  The pri- 
mary hazard in brushland ecosyste~ns is the This may come as welcome news to re- 
marked increase in fire frequency during source managers because the colnbinatio~l of 
the latter half of this century that often legal restrictions and financial constraillts 
results in type collversioll to llo~lllative makes large-scale prescribed burning of brusll- 
exotic grasslands ( 18 ) ;  and fire suppression land landscapes unobtainable. Our results sup- 
plays a crucial role in offsetting this port the collclusion that the most effective strat- 
~mpac t .  egy (20) for reducing cataskophic losses fiom 

Large catastrophic wildfires in brush-cov- wildfires is to minimize the management effort 
ered regions of California are often driven by spent on the bulk of the chaparral la~ldscape and 
lngh wmds. and ulldel these c o ~ l d ~ t ~ o l l s  even focus on stlateg~c locat~ons The wolst files 
modem file supplessloll techmques ale ~ne f -  pledletably follow landscape featu~es, and these 
fective ( 1  9). Today, people ignite most of patterns can be used to select buffer zones at the 
these fires; however; in their absence, light- urban-wildla~ld interface for more intensive fuel 
ning stonns that typically occur just weeks management. However, the urban-wildland in- 
before the autumn fo211n winds ( 1  I )  would terface is so extensive now that even strategi- 
have provided a natural source of ignition. cally focused illte~lsive management could have 
Although fuel structure is an ilnportallt deter- ellollnous ecological impacts. Preference for a 
 nill ling factor in fire behavior, the role of rural life-style and the skyrocketing cost of 
structure diminishes markedly under foehn suburban housing in large n~etropolitan ar- 
winds that can blow at speeds exceeding 100 eas co~ l t i~ lue  to expand the urban-wildland 
km/hour and are responsible for the majority interface; and of particular concern is the 
of area burned in California brushlands ( 19 ) .  predictio~l that rural population will so011 
Under these conditions, fires readily bur11 exceed urban growth ( 21 ) .  
through all age classes of fuels (Fig. 4); and 
thus. rotatlo~lal bunling programs that at- 
te~nvt to mod~fv  vast stretches of chapanal References and Notes 
lalldscape tllrough age class lnodificatioll are 1. T. M. Bonnicksen and RR. G. Lee, j. Environ. Manag. 8, 

277 (1979). Since 1990, two  brushland fires have 
likely be effective s t o ~ ~ i l l g  each exceeded $1 billion in losses ( h t t ~ : / l f r a ~ . c d f .  \ ,  , 

catastrophic fires. ca goviprojectslfire-mgrnt/fm~ma~n.html) 
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Fig. 5. Area burned by month for 1910-1950 
and 1951-1997, for all counties except River- 
side and San Bernardino, which were excluded 
because of incomplete data. 
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The incidence and importance of fire in the Amazon have increased substantially 
during the past decade, but the effects of this disturbance force are sti l l  poorly 
understood. The forest fire dynamics in two regions of the eastern Amazon were 
studied. Accidental fires have affected nearly 50 percent of the remaining 
forests and have caused more deforestation than has intentional clearing in 
recent years. Forest fires create positive feedbacks in future fire susceptibility, 
fuel loading, and fire intensity. Unless current land use and fire use practices 
are changed, fire has the potential t o  transform large areas of tropical forest 
into scrub or savanna. 

Fire is recognized as a historic but infrequent 
element of the Amazonian disturbance rsgiine 
(1, 2). Currently, however, fires in Anlazoilian 
forests are frequent because of the accidental 
spread from nearby pastures and the increased 
susceptibility of partially logged or damaged 
forests (3-6). Here; positive feedbacks asso- 
ciated with accidental forest fires are report- 
ed; these constitute a threat to the integrity of 
a large part of the Amazonian forest. 

Field studies were concentrated in the 
Tailindia region (Fig. 1). Tell 0.5-ha plots 
(eight fire-affected and two contsol), spread 
over 100 km2, were established in 1996 to study 
fire impacts on forest structure, biomass, and 
species composition (3). These plots were re- 
censused after the dry season of 1997. duriilg 
which eight of the plots burned to valying 

degrees. Fire reclu-rence, tree inortality, and 
biomass combustion levels within forests of 
different bu~m histories were quantified. In ad- 
dition, coinbustible fuel mass was assessed with 
the planar intersect metllod (7) as adapted by 
Uh1 and Kauffinan (8,  9). 

We also examined characteristics of fires 
while they were occuning in four forest types 
(previously unburned, once-burned, twice- 
burned, and more than two previous bums) in 
December 1997. Direct observations of fires 
were made at widely scattered locations with- 
in a 150-km2 area south of Taillndia. For 
each observed fire; flame heights and depths 
(the width of the flaming front) were mea- 
sured or estimated (10). The time the fireliile 
took to move across a lmown distance was 
used to calculate the rate of spread and was 
combined with flame depth data to calculate 
the average range of flame residence times at 
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the characteristically t11i11 tree bark [7.3 1 3.7 
inm for >20 cin diameter at breast height 
(dbh) (a)] protectiilg the cainbium tissues; 
they still kill roughly 95% of the coiltacted 
stems > 1 cm dbh. Large, thicker barked trees 
survive. After the fire, a rain of combustible 
filels of all sizes falls ftom the standing dead 
trees (Table 1) (14). Fire damage and 
windthrow in these thinned forests continue 
to cause mortality for at least 2 years after the 
fire (4, 15). Fuel levels rise substailtially and 
the open canopy (50 to 70% cover) allows 
greater solar heating and air rnoveinent to diy 
out the forest fuels. Previously burned forests 
thus become susceptible to fire during com- 
lnon dry season weather conditions (3). 

Previously bunled forests were much 
more likely to bum than were unbulned for- 
ests in 1997 (Table 1). Bulned forests are 
often adjacent to fire-maintained pasture and 
agricultural plots and are therefore frequently 
exposed to souices of ~ g n ~ t ~ o n .  Second files 
are faster moving and much mole Intense We 
est~mate heat lelease (12) of <7500 kW m-I 
In first burns but of 75.000 kW in-I or mole 
In subsequent bums. Because of the increased 
flame depth, the residence time increases de- 
spite faster rates of spread, resulting in great- 
er tree mortality. Large trees have little sur- 
v~val  advantage duling these mole intense 
fires Fire-induced tlee mortality can be mod- 
eled as a funct~on of balk thickness and fire 
lesidence t ~ m e  (16) Foi the obseived file 
chalactel~stics and balk th~ckness d~stl~bution 
(8) no mole than 15% of tiees ovei 20 cm 
dbh ale susceptible to file-induced moitality 
in the initial fires Howevei, in lecunent fires 
up to 98% of the trees become suscept~ble to 
file-~nduced mol-tahty 

The impacts of recuilent files ale much 
worse than those of initial fires. Higher mortal- 
ity results in a very open canopy (10 to 40% 
cover), large illputs of combustible fuels, and 
faster drying. During the 1997 fires; substantial 
amounts of carbon were released to the atmo- 
sphere, with combustion reducing oilsite bio- 
mass by approximately 15; 90; and 140 Mg 
ha-' in first; second, and recurrent bums, re- 
spectively. Invading grasses and weedy vines 
add highly con~bustible live fuels to the already 
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