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Fire Mosaics in Southern California
and Northern Baja California

Wild-land fire, which has been a fea-
ture of the southern California landscape
throughout historic time and into the
recent geologic past (/), is a symptom of
the prevailing Mediterranean climate,

Richard A. Minnich

ization beginning around 1880, the pres-
ervation of natural vegetation was recog-
nized as central to the prevention of
watershed erosion and flooding (6). In
1892 the mountain pubtic domain was

Summary. In spite of suppressian efforts, severe wildfires burn large areas of
southern California grasstand, coastal sage scrub, and chaparral. Such large burns
may not have been characteristic prior to the initiation of fire suppression more than
70 years ago. To compare controlled with uncontrolied areas, wildfires of southern
California and adjacent northerri Baja California were evaiuated for the periad 1972 to
1980 from Landsat imagery. Fire size and location, vegetation, year, and season were
recorded. It was found that suppression has divergent effects on different plant
communities depending on successional processes, grawth rates, fuel accumulation,
decomposition rates, and length of flammability cycles. These variables establish
feedback between the course of active fires, fire history, spatial configuration of
flammabie vegetation, and fire size. Suppression has minimal impact in coastal sage
scrub and grassland. Fire contral in chaparral reduces the number of fires, not burned
hectarage; fires consequently increase in size, spread rate, and intensity and become
uncontrollable in severe weather conditions. The Baja California chaparral fire regime
may serve as a model for prescribed burning in sauthern Califarnia,

Winter rains nourish extensive carpets of
shrubs and grasses; the long summer
drought parches them. Dead twigs, fo-
liage, and litter accumulate in vast guan-
tities becaiise of limited microbjal de-
composition {2, 3). Inevitably, fires kin-
die and spread, fuel and weather permit-
ting.

" Spanish and Anglo-European shep-
heérds and farmers living in the Los An-
geles coastal plain before the 20th centu-
ry expressed little cancern over moun-
tain fires, even when they reported (4, 5)
fires burning for months until extin-
guished by autumn rains. However, with
rapid agricultural expansion and urban-
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federalized as the nation’s first forest
reserve. Fire suppression was part of
this change in jurisdiction.

In recent vears, land managers have
become increasingly interested in the
concept of setting small; controllable
fires to prevent excessive fuel accumula-
tion and catastrophic blazes (7, 8). This
attempt to change the fire pattern re-
quires understanding the impact of fire
suppression on vegetation. Since fire
suppression has been a long-standing
policy, there is no wild landscape in
southern California in which such sup-
pression has not been practiced, thus
preciuding comparisons. Investigators of

mg gdemb.--anes {Academic Press, New York,

1969). -

25 D. A Saville, Phys, Chem. Hydrodyn. 1, 197
(1980},

0. This wark was supparted io part by NASA
cantract NASS-32950, NASA grant N5G-7333,
aiid NSF grant CPE 8103079, We thank A.
Graham and W. P. Maynard for their cottribi-
tions to the develapment of the program. The
programs for both steady state and transient
state are available on request.

the fire ecolagy of California brush and
grasslands (9) have attempted to recon-
struct past fire frequency and stand mo-
saics from fire scars and dendrochronol-
agy (1), newspapers, government expe-
ditions, diaries, and old photographs (5).
The fragmentary nature of such data has
been severely limiting to the reconstruc-
tion efforts.

Although a similar landscape without
fire control exists in neighboring north-
ern Baja California, a formal compilation
of Baja California fires was impossible
until the 1972 launch of the orbiting
Landsat platform, Using this new source
of information, I reconstructed the fire
history of southern California and adja-
cent Baja California for the period 1972
to 1980, and thus determined the conse-
quences of fire suppression in grassland,
coastal sage scrub, and chaparral. [
found that a fire suppression strategy
that attempts to extinguish all fires be-
fore they become large may promote
large burns in some vegetatjon types. A
few fires burning in severe weather easi-
Iy escape control and denude large areas.

The Physical Environment

The area analyzed extends from 35°N
in southern California to 30°N in north-
ern Baja California (Fig. 1). Terrain-is
mastly mountainous, with scattered
coastal plains, alluvial valleys, and ba-
sins. Mountain ranges form two distinct
structural units: the west-to-east orient-
ed Transverse Ranges (western Trans-
verse Ranges and the Santa Monica, San
Gabriel, and San Bernardino Mountains)
and the northwest-southeast trending
Peninsular Ranges (the Santa Ana, San
Jacinto, Palomar, and Laguna Moun-
tains, Sierra Judrez, and Sierra San Pe-
dro Martir).

Winter precipitation, which results
largely from frontal disturbances of the
polar front jet stream, decreases south-
ward along the coast from 400 millime-
ters per vear at Los Angeles to 250
millimeters at San Diego and Ensenada

Richard A. Minnich is an assistant g;({nfessor i the
Geography Program, Department of th Sciences,
University of Catifornia, Riverside 92521.
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Fig. 1. Wild-land fires in southern California and northern Baja California, 1972 to 1980, with vegetation noted. A broad gradient of increasing fire

area northward in Baja California shifts to a pattern of infrequent small fo very large fires novth of the border. Divergences in fire size between the

two countries are most evident in chaparral. Fire data was mapped from Landsat imagery; vegetation was mapped from aerial photography (33).
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and 150 millimeters at San Quintin.
Mountains modify the climate by pro-
ducing sharp precipitation and tempera-
ture gradients, with annual precipitation
ranging from 800 mm in the Transverse
Ranges to 600 mm in the Sierra San
Pedro Martir (/1. Passing storms are
often followed by a strong northerly jet
stream, high barometric pressure over
the Great Basin states, and strong, dry
Santa Ana winds assaciated with moun-
tain waves and foehn flow through
maountain passes.

During summer (May to September),
Hadley cell subsidence associated with
the surface Pacific anticyclone and weak
dirculation aloft prevails as frontal
storms travel north of the area. Coastal
valleys and lower mountain slopes are
influenced by moist coastal marine air
that advects onshore with sea breezes
from the Pacific Ocean. Surges of tropi-
cal moisture arriving from the equatorial
Pacific along the Guif of California pro-
duce occasional afternocon mountain
thundershowers and numerous lightning
fires, especially in July and August.

Vegetation

Major plant communities form broad
zanal belts that increase in elevation
southward wnto Baja Caiiforma. Grass-
lands and coastal sage scrub in lower
coastal valleys are repiaced by chaparral
on mesic coastal slopes of the moun-

Table 1.

tains. Mixed evergreen forest and mixed
conifer forest occupy the highest moun-
tains and grade into pinyon and juniper
forests and various scrub communities
on the east slope of the mountains ad-
joining the Sonoran and Mojave deserts
(9). Grassland, coastal sage scrub, and
chaparral, in which nearly all the burning
detectabie by Landsat imagery occurs,
are divergent in terms of physical ap-
pearance, rooting structure, phenology,
drought stress, fuel, and fire response.
Commeon species for each community
are listed in Tabie 1 (/2).

Grassland, dominated by exotic Eura-
pean annual grasses (Avenag, Bromiis)
and forbs (Erodium, Brassica}, forms a
continuous herbaceous ilayer 0.5 to 1.5
meters tall in ioamy soils in alluvial val-
leys and coastal plains. Herb species are
shallow-rooted and move rapidiy
through their growth cycles. Germina-
tion occurs after the anset of winter
rains and growth, flowering, fruiting, and
desiccation are complete by early sum-
mer. Stand biomass, depending on the
amount of precipitation the previous
winter, ranges from 1 to 5 tons per
hectare {8).

Coastal sage scrub occurs on steep,
racky slopes below 600 to 900 m. Stands
form a broken to continuous layer of
subligneous shrubs 0.5 to 2.0 m tail, with
an understory of European annuals and
spring ephemerals. Important southern
California shrubs in the genera Artemi-
sia, Salvia, and Encelia are shallow-

rooted, mesophytic, and drought-decidu-
ous. South of Ensenada, these shrubs
mix with stem and leaf succulents (A ga-
ve, Echinocereus, Opuntia, Bergerocac-
tus, and Yucea), woody deciduous
shrubs (Fraxinus, Aesculus, and Rosa),
and other subshrubs {(Ambrosia and Vi-
guiera), with a rapid decline in European
annuals (/7). Except among the succu-
lents, shrubs desiccate rapidly to dor-
mancy with the depletion of soil mois-
ture by May or June. Estimated stand
fuel accumulation in southern California
ranges from 5 ta 30 ton/ha (8).

Chaparral is composed of deep-root-
ed, evergreen, sclerophyllous shrubs | to
4 m high in carpet-like stands on steep
rocky slopes of low fertility. Important
genera include Adenostoma, Ceanothus,
Arctostaphylos, Quercus, Rhamnus,
Prunus, Rhus, and Cercocarpus. The
growing season is March to June, when
soils are saturated after the rainy season,
During summer and fail, shrubs maintain
limited metabolic activity, reiying on
small moisture reserves in the regolith
until the autumn rains (J4). Herbaceous
vegetation is mostly absent. The estimat-
ed biomass of mature stands in southern
California is 30 to 100 ton/ha (8, 13).

All three communities typically burn
“‘clean,” that is, all aboveground bio-
mass is consumed except for the largest
stems and twigs. This is atiributable to
the continuity of the stands and ilarge
surface-to-volume ratios that promote
rapid oxidation (8, 16).

Cammaon plants in southern and Baja California (/2).

Family

Species Family

Species

Grassiand
Brassicaceae

Brassica nigra

Anacardiaceae

Chaparral
Malosma lauring

Geranjaceae Eradium botrys Rhus integrifolia
Eradium cicutarium Rhus ovata
Poaceae Avena harbata Ericaceae Arcrastaphylos glandulosa
Bramus moliis Arctastaphylos glauca
Bromus rubens Arctastaphylos peninswdaris
Ornithostaphylos appositifolia
. Caastal sage scrub B Fagaceae Quercus dumosa
Amaryllidaceae Agave shawii e Quercus dunnii
Asteraceae Ambr ostd che_nopthf olia Quercus wislizenii
Art ermisia ‘:fmf oknica Rhamnaceae Ceanorhus crassifolius
EﬂCf?f{ﬂ Cﬂf{ﬂf" nica Ceanothus cuneatus
Encelia faringsa Ceanothus greggii
Viguiera laciniata Ceanothus leucadermis
Cactaceae Bergeracactus emoryi Ceanothus megacarpus
Machaerocereys gummaosus Ceanorhus spinosus
Myrt 151'.0"3!}'5 fiex c.ochai Ceanothus verrucosus
) Opuntia I‘HG"GI_” Rhamnus ealifornica
Hlpplocastanaccae Aesc‘_uiaa" parryt Rhamnus crocea
[amiaceae h) ﬂf-’”!‘_ﬂ agiang Rosaceae Adenostoma fasciculatum
Sa{w_a leu C?Ph}' lia Adenastoma sparsifolium
Saivia mellifera Cercocarpus betuloides
.S‘a!wg Rz Heterameles arbutifolia
Oleaceae -Fraxinus trifoliolate Prunus ilicifolia
Polygonaceae Eriogonum fasciculatum
Rosaceae Rosa minutifolia
18 MARCH 1983 1289



Table 2. Summary of fire data far the study areas in southern California and Mexico, 1972 to

1980.
Per-
Total Area Pep- centage
area burned cett- of Nuti-
(thou- (thou- age burned b
Vegetation sands sands of area '3fr
of of tatal hurned ﬁo
hee- hee- ares after res
tares) tares) burned 1 Sep-
tember
Southern California
Coastal sage scrub® 1082 70 6.5 44 210
Chaparral 2019 166 41 72 203
Total EI11)]1 237 7.6 a7 413
Camp Pendletont 49 23 46.8 34 94
Mexico
Coastal sage scrub* 859 88 0.2 22 133
Chaparral 1202 93 7.9 20 488
Total 2061 183 8.9 21 821

*Includes prassland.

Dominant species of all three commu-
nities possess adaptations that lead to
rapid stand recovery. The seed of Euro-
pean annual grassland species either es-
cape fire in the soil or are borne in from
adjacent unburned stands; regrowth to
former stature may require only a year ar
two. Where coastal sage scrub has
burned, slopes initially host European
annuals and spring ephemerals. Stands
are reestablished by the sprouting of
subshrubs [fire mtensity permitting (£7)]
or by long-distance seed dispersal; con-
tiguous shrub cover usunally developsin §
to 10 years. In chaparval, burned slopes
are first covered with fire annuals and
perennial herbs, then by sprouting and
seeding shrubs. Most species, including
those in Quercus, Cercocarpus, Rhus,
Prunus, and Rhameaus, adapt primarily
by sprouting from lignotubers beneath
the soil surface. Shrubs in Adenostoma,
Ceanothus, and Arctostaphylos produce
seed that remains dormant for long peri-
ods uniil scarified by fire ar ather distur-
bances. Numerous seedlings then germi-
nate and, when mature, dominate the
stand with sprouters. Shrubs form con-
tiguous cover after [0 to 20 years.

Combustion of Fuels

The dynamics of combustion in these
comminities vary according to seasonal
fue] moisture and stand age. The mois-
ture content of Living (green) fuels 15
normally too high to sustain combustion,
even during the drought season. Vegetal
flammability is therefore strongly related
to the abundance and stratification of
dead stems, litter, humus, and desiccat-
ed herbs and forbs (3, 8). Grassland and
coastal sage scrub propagate rapid, low-

1290

TAlmast exclusively coastal sage serub.

intensity fires due to limited fuels and the
high dead fuel content (/8). Chaparral
fires are slower moving and more intense
because there is more biomass, but stand
flammability is dependent on long-term
successional processes. Stands as old as
20 years contain |ittle dead fuel and are
thus relatively nonflammable (8, [19).
Stands older than 30 years show signs of
stagnation owing to diminished nutrient
cycling (/5, 16, 20, 21), ieading to in-
creased dead fuel content in the canopy,
litter, and duff (50 to 70 percent of bio-
mass). Chaparral therefore becomes es-
pecially lammable after 30 to 50 years,
depending on climate and local fuel accu-
mulation rates, although chaparral with
its green fuels requires more desiccating
weather for combustion than coastal
sage scrub and grassland (8).

Landsat Imagery and Methodology

The aftermath of wild-land fires is con-
spicuous in Landsat imagery because the
optical sensor system has sensitivity in
the reflected near-infrared bands (22). At
these wavelengths, highly absorptive ash
forms marked boundaries with reflective
unburned vegetation. Burned areas were
also detected in the visible bands after
one rainy season by contrasting reflec-
tive soil in the burn site with surrounding
dark vegetation. The Landsat system
images the same areas of the earth's
surface every 18 days. The resultant
synoptic coverage and planimetry of im-
agery permits a comprehensive inven-
tory of fire areas.

One hundred and eighteen 55.8 by 55.8
mm images of eight scenes (five in south-
ern California and three in Baja Califor-
nia; scale, 1:3,369,000) were obtained

from the U.S. Geological Survey’s
EROS Data Center at Sioux Falls, South
Dakota. Analysis of southern and Baja
California scenes imaged repeatedly be-
tween April and Octaber 1973 reveals
that fire ash persists for the entire dry
season in spite of occasional showers
and wind. For each vear from 1972 to
1980, therefare, dates for each scene
were selected on the basis of image gqual-
ity, cloud cover, heavy rains associated
with Mexican west coast tropical storms
{chubascos), and onset of autumn rains.
Images were projected onto topographic
sheets (scale, 1:250,000) and the perime-
ters of burned arecas were traced. Broad
physiognomic vegetation units were also
delimited from Landsat imagery and
conventional aerial photography. Imag-
ery for consecutive years was registered
stereoscopically to prevent confusion
between burns and shadaws, dark rock,
and other persistent features of low albe-
da.

For each burn the following were re-
corded: year, dominant surrounding veg-
etation, lacation, area, and occurrence
befare or after i September. Burns at
Camp Pendleton, a large military reser-
vation in southern California, were tabu-
Jated separately because of anomalously
high ignition rates caused by munitions
activities and minimal fire control. Fire
data for coastal sage scrub and grassland
were merged because urbanization and
agricultural development have reduced
the grassiand and because of similarity of
the fire responses, Although the theoreti-
cal resolution of Landsat imagery is 0.5
ha, burns smaller than about 5 ha could
not be unequivocally mapped with stan-
dard aerial photo interpretation tech-
nigques. Comparison of fire boundaries
mapped by the above techniques with
1.8, Foresi Service data (23) reveals
that only a few minor fires were missed.
Caordinates of fire perimeters and vege-
tation boundaries were digitized on a
Talas Floating Cursor digitizer; data
were processed on an [BM 370/155 com-
puter and displayed with a K & E Flat-
bed Plotter.

The Southern California and
Baja California Fire Regimes

Figure 1 reveals extensive burning in
both southern and Baja California be-
tween 1972 and 198). Fires were most
extensive in the wetter coastal valleys
and Pacific slopes of the mountains, es-
pecially in coastal sage scrub, grassland,
and chaparral. The fire regime was quite
different south of the Mexican border,

SCIENCE, VOL. 219



There were more fires in Baja California
than in southern California (Table 2),
even if the numerous fires mapped at
Camp Pendieton are included in the lat-
ter. -A broad gradient in burn area, not
apparent in southern California, oc-
curred with fatitude in Baja California.
Only limited burning took place at the
margin of the Sonoran Desert near San
Quintin. From there northward, fires in-
creased in number and extent, especially
in coastal sage scrub, with heavy burning
doubtless associated with ranching in the
valleys hetween Ensenada and Tijuana.
A broad speckling of fires covered the
length of the chaparral belt, with concen-
trations in the northern Sierra San Pedro
Mdrtir, on the west flank of the Sierra
Judrez adjacent to Ensenada Bay, and
near the Mexican border.

The pace of hurning dropped abruptly
at the border. Only scattered small fires
occurred in brushlands east of San Die-
go, Farther porth, small fires burned
grassland and coastal sage scrub in the
valleys and foothills around Los Angeles
and large fires denuded chaparral in ad-
Jeining higher mountains (24). The total
area of brush and grassland burned north
of the border (237,000 ha) exceeded that
burned to the south (183,000 ba) (Table
2). When evaluated in proportion to vég-
etation area, however, coastal sage
scrub and grassland were more heavily
burned in Baja California, while the pro-
portion of burned chaparral was about
equal in hoth countries.

Year-to-year burning varied enar-
mously in all communities (Fig. 2). In
grassland and coastal sage scrub, heciar-
age burned strongly correlates with pre-
cipitation during the previous winter.
Heavy burning occurred throughout the
area after the wet vears from 1978 to
1980, north of 32°N in 1973, and in
southern Califernia in 1974 and [975.
Fires were rare after the drought years
1972, 1976, and 1977, Extensive burning

is thus clearly related to increases in’

herbaceous biomass and stand continu-
ity after wet years. Decomposition of
unburned nonligneous material is rela-
tively rapid and appears to occur within
1 to 2 vears. Therefore, fuels are insuffi-
ctent to support fires after dry vears, in
spite of numercus ignitions, as demon-
strated by data for northernmost Baja
California and Camp Pendleton. Almost
no fires occurred in coastal sage scrub
south of Ensenada except after the
anomalously wet period from 1978 to
1980. This trend carrelates with a south-
ward increase in stand deciduousness
and succulence and a decrease in Euro-
pean annuals.

18 MARCH 1981

Major chaparral fires, in contrast, oc-
curced after both wet and dry vyears,
except for the - 1976 and 1977 seasons,
which were interrupted by unusual mid-
summer tropical storms. Flammability of
chaparral is more related to long-term
accumulation of ligneous dead fuels aver
a period of decades than to short-term
fluctuations in the growth of shrub fo-
liage and spring annuals (8, 9. Maisture
in chaparral soil and fuel is normally
depleted by June regardiess of the pre-
cipitation the previous winter (/4). Al-
though the total area burned was larger
after wet vears, this is probably fortu-

. itous. The tropical storms followed dry

yvears, and the fire seasons after the wet
19781980 winters were extended by
several Santa Ana windblown fires at-
tributable to the late asrival of winter
rains. Extensive burning of chaparral
after dry winters (1972, 1974, and 1975)
was accompanied by few fires in coastal
sage scrub and grassland.

Fire size characteristics also change
across the border (Fig. 1). Most fires in
Baja California are relativély small,
while fires in southern California range
from small to very large. There are also
important differences in the size-fre-
quency distribution of fires among coast-
al sage scrub, grassland, and chaparral
that are related to the length of their
flammability cycles.

The distance a fire will travel is affect-

40

3o

40
Fig. 2. Annual precipitation
(i) and area burned duripng
summer {unshadéd) and after |
September {shaded) in south-
ern California (5} and northern
Baja California {(8). Burned ar-
eas for Camp Pendleton are
represented by cross-hatch-
ing. Data for 9 September 1976
and 16 August 1977 reflect
tropical storms Kathleen and
Dareen, respectively, '

Area burned [thousands of hectares)

200

100

Precipitation
{percent
of nprmall

Chaparral

Coastal sage scrub and
grassland

ed by short-term stochastic processes,
such as changes in humidity and in wind
direction and velocity. Perhaps the most
important variable affecting the spatial
properties of fices is arttecedent fire. It is
common for an active fire to stop at
former burns hecause of insufficient fuel.
Mareaver, the extent of overlap between
previous burns and active fires over
some reference period should dectease
as the time reguired for vegetation to
reach flammability increases. Thus in
slow-maturing communities the growth
of fires is more constrained by previous
fire history than in fast-maturing ones;
fire size should be inversely related to
fice frequency.

The number of fires decreased with
increasing size class for all vegetation
types in both countties (and Camp Pen-
dleton) {Fig. 3). This is to be expected, of
course, sice vegetation areda is finite.
The distribution also reflects a natural
continuum of fire size owing to fluctua-
tions in weather, topography, and ante-
cedent fires.

The fire size distributions for grass-
land and c¢oasial sage scrub in both coun-
tries are comparable in spite of a propor-
tionately larger burn area in Mexico. In
narthern Baja California and at Camp
Pendleton many recent fires overlapped
one another even within the 9-year refer-
ence period; fires were not substantially
affected by previous fires. Since stand
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flammability depends on the desiccation
of European annuals and rapid-growing
subshrubs, fire potential develops in a
few years, provided that precipitation is
adequate. Fires grow large because veg-
etation is universally flammable irre-
spective of age class arising from previ-
ous burning history. Thus, in spite of
higher fire frequencies owing to some
deliberate burning and minimal fire con-
tral, fires in Mexico were as large as
those in southern California, especially
after wet years. Most burpns in both
southern and Baja California were less
than 100 ha after dry winters. 3

Fire perimeters in chaparral, in con-
trast, came into contact without overlap-
ping. Thus, fires spreading in mature
chaparral stap at less flammable juvenile
stands. This checkerboard pattern may
be seen in the mountains north and east
of Los Angeles and jocally in northern
Baja California (Fig. 1). The borders of
most other Landsat-mapped burns in
southern California also have minimum
overlap with burns dating to as early as
the 1940°s (23, 25). Although few Mexi-
can fires ran into others within the short
reference period, the limits of mapped
fires were affected by the intricate stand
mosaic caused by fires prior to 1972,
There were, however, strong differences
in the slopes of fire size distributions for
Baja and southern California (Fig. 3}. In
Baja Califarnia, burns less than 800 ha
are more numerous than in southern
California but less numerous above this
size. Presumably, the size distribution
for Mexico has remained unchanged
since the past. Thus, the present burning
regime in Baja California reflects an
equilibrium between event frequency,
fuel turnover, and fire size. Frequent
small events preclude large ones because
of the relative nonflammability of chap-
arral mosaic elements, In southern Cali-
fornia, fire events arve few and evidence
of a stand mosaic is almost lacking;
hence, active fires spread with less inter-
ruption.

Fire size may also be partially related
to the burning season and weather. The
long axes of chaparral fires are notth to
south in southern Califoinia and west to
east in Baja California (Fig. 1), probably
reflecting the prevailing winds during dry
weather in the summer and fail, respec-
tively (26). To test this relation, fires
were classified by occurrence before or
after 1 September. The proportion of
area burned in chaparral after this date
was 72 percent in southern California
and only 20 percent in Baja California
{Table 2 and Fig. 2). National Forest file
data (23) reveal that, as expected, most
large fires were spread by strong north-
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erly Santa Ana winds, which usually
arise after 1 September. The west-to-east
arientation of burns in Mexico conforms
with mild daytime onshore sea breezes
and valley winds that prevail during sum-
mer (Santa Ana conditions are almost
nonexistent), a time when chaparral fires
are normally extinguished in southern
California. This suggests that fire sup-
pression in southern Cajifornia restricts
uncontrolied fires to more severe weath-
er conditions than in Mexico. Fires
blown by Santa Ana winds in Mexico are

_still relatively small because of the

brushland mosaic.

Historical Fire Size Characteristics in

Southern California

The distribution of recent fires
mapped from imagery demonstrates that
fire suppression in southern California
has led to larger fires, particularly in
chaparral. The most striking evidence is
the sharp shift in the area of coastal sage
scrub, grassland, and chaparral burned
in a narrow zone where fire control ends
at the border, Envirorunental gradients
are too limited to explain such a dispari-
ty. This trend establishes that suppres-
sion rediices burning sufficiently to affect
fire size distributions.

The role of fire suppression could be
dismiissed if it could be shown that, with-
out fire control, the natural frequency of
events declines porthward into southern
California. Many lines of evidence place
this in doubt. Ignitions by lightning are
suppressed by the hundreds each year
27 if left alone, many such events

would develop into wildfires because
most thunderstorms occur during sum-
mer drought. Although lightning is most
concenttated ir foresis at high eleva-
tions, where convection normally origi-
nates, thunderstorms often move long
distances toward the coast, and fires in
chaparral are suppressed throughout
southern California. Over the several
decades necessary for chaparral to ma-
ture, thunderstorms are sufficiently nu-
merous for lightning to be a ubiquitious
source of combustion. Although native
Americans and early European settlers
also set fires deliberately or accidentally
{(28), human acceleration of burning in
chaparral is uniikely given its nonflam-
mability during the first decades of suc-
cession after fire (even Santa Ana-blown
fires stop it young chaparral)., Thus,
man-caused fires probabiy have less ef-
fect an the natural fire regime in chapar-
ral than in coastal sage and grassland,
where abundant herbaceous cover per-
mits burning at frequent intervals. What-
ever the source, many ignitions evaolve
into active fires in chaparral by slowly
cansuming larger fuel (logs and snags of
trees in the canyons} uatil drier weather
arrives. The Forest Service has recorded
numerous “‘sieepers’ that smouldered
far as long as 2 weeks before discovery
and suppression.

It could be argued that, in chaparral,
higher productivity and fuel accumula-
tion associated with heavier precipita-
tion in southern California would vield
larger fires, even with ignition rates
equivalent to those in Baja California.
More rapid fuel accumulation, however,
shouid also encourage higher effective
ignition rates. Indeed, 19th-century ac-
counts describe a mosaic of small burns
in what are now the San Gabriel, San
Bernardino, and San Jacinto national
forests. In fact, the effect of former burns
on active fires was well understood. Ac-
cording to W. V. Mendenhall, the first
supervisor of the Angeles National For-
est, many early settlers found that *“fires
were not extensive due to the fact they
ran into older burns and checked them-

selves™ (4). During the 1890's, several

fires around the Mount Wilson Observa-
tary in the western San Gabriel Moun-
tains burned for 2 to 3 months, vet none
was reported to exceed 7000 ha 4). In
the San Bernardino Mountains, “‘the en-
tire area on the western and sduthern
slopes showed indications of repeated
buraings’” (29, p. 453). In the San Jacinto
Mountains, fires during the 1890°s
burned 5000 to A000 ha “'scattered
throughout the reserve in small tracts”
(30, p. 354). The chaparral was described
as *‘a growth which varies from extreme-
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ly dense to thin or open, hut rarely forms
large uninterrupted patches' (29, p.
463). These accounts strongly suggest a
past fire mosaic in southern California
chaparral that resembles the present one
in Baia California.

The effect of fire control in chaparral
may also be evaluated by examining fire
size characteristics in southern Califor-
nia national forests since records began
in [911. A more Mexican pattern of size-
class distribution should be sought early
in the recard, when fire suppression ef-
forts were limited. National forest fire
size frequencies most resembled those in
present-day Mexico during the 19107,
although Mexican fires less than 800 ha
are more abundant (Table 3). Four U.S.
fires were massive (> 20,000 ha) com-
pared with recent burns in Mexico. From
1920 to 1950, nationai forests experi-
enced a marked decline in small fires,
accompanied by rare conflagrations. To-
tal area burned declined from 206,000 ha
in the 1920's to 92,500 ha in the 1940)'s.
Continued limited occurrence of small
fires after 195G, however, was accompa-
nied by numercus extensive conflagra-
tions, which increased the area burned to
200,000 ha in that decade. Between 1911
and 1980, 41 fires in national forests
exceeded the largest chaparral fire in
Baja California (9725 ha). The median
fire size in southern California by decade
ranges from 3500 to 13,500 ha, compared
with 1630 ha in Baja California {Table 3).
The two largest burns, the 70,100-ha
Laguna fire in San Diego County and the
89,300-ha Matilija fire northeast of Santa
Barbara (Fig. 1), represent 14 percent of
the total area burned in the national
forests since 1911,

Management Implications

The effect of fire suppression in the
coastal sage scrub and grassland of
southern California appears to be limit-
ed. Since biomass in these stands is
dominated by herbaceous dead fuels,
fires easily escape control. Mast eccur in

ordinary weather (n summer and have a -

size distribution similar to those in Baja
California (Table 2). Year-tp-year burn-
ing rates in both countries are affected by
herbaceous growth resulting from the
previous winter's precipitation. Rapid
decomposition of nonligneous fuels lim-
its increase in the amount of fuel that
might otherwise result from lower fire
frequencies.

The present regime of large, intense
conflagrations In southern California
chaparral appears to be an artifact of fire
suppression. The great achievement of
suppression is the extinguishing of small
fires. Once fires are large, man has trivial
impact on their progress. Thus, preven-
tion efforts by a few forest rangers and
settlers between 1880 and 1910 may have
interrupted burning sufficiently to erase
some of the presuppression mosaic.
Since 1910, small fires have been re-
placed by ever-larger ones, with numer-
ous conflagrations since the 1950's de-
spite increased suppression investment.
In effect, a fine mosaic has been replaced
by a coarser one. There is no evidence of
such large fires in the Baja California
chaparral mosaic. Indeed, the present
masaic in southern California is capable
of supporting even more enormous fires,
possibly as large as 100,000 ha, particu-
larly north of Santa Barbara, at Mount
Palomar, and in the northern Santa Ana

Mountains, where 50- to 80-year-old
stands of decadent chaparral are wide-
spread. Fires will probably be spread in
autumn by severe Santa Ana winds, in-
stead of during summer as in Baja Cali-
fornia (Table 2). As a consequence of fire
canirol, large fire sizes are almost guar-
anteed because Santa Anas, being a
product of regional circulation, yield
high winds and low humidity day and
night until the storm system leaves the
region.

The Forest Service has recently adopt-
ed a policy that recognizes the role of
controlled burning in iand management
as an alternative to absolute fire preven-
tion (3/). Such a policy is clearly needed
in southern California chaparral. Al-
thaugh limited prescribed burning pro-
grams have been initiated in several ar-
eas, such practices are futile unless their
scale is extensive and they proceed at a
rate commensitrate with plant productiv-
ity and fuel accumuiation. Prescribed
burns must be sufficiently large (1000 ta
2000 ha—approximately the median size
of fires in Baja California) and must be
implemented at a pace perhaps 30,000 to
100,000 ha per decade greater than pres-
ent burning rates to maintain the mosaic
configuration (32). Burns should be con-
ducted in summer, when the vegetation
is dry enough to carry fires of sufficient
scale and weather is dominated by pre-
dictable mesoscale circulations {onshore
advection of marine air, valley winds, air
drainage, and ground inversions) that
vield moderate humidity and diurnal
winds of almast constant direction and
velacity. Such a policy is a compromise,
for the consequences of fire would only
be ameliorated, not eliminated. Howev-

Table 3. Frequency of fire events by size class. Values for Baja Califormia were derived from satellite imagery. Values for the United States were
compiled from files at forest supervisor's offices at Goleta, Pasadena, San Bernardino, and San Diego and include all fires originating within or
spreading to national forests, whether on private and public inholdings or outside these boundaries.

Total Median
Size class {thousands of hectares) area fire
burned size

?:32; - e~ {thou- ({thou-

p ds sands
period 004 01 02 04 08 16 32 64 128 256 e o
ta ta 4] to ta [(¢] to o ta to = 51.2 hec- hec-

0.1 02 0.4 0.8 I.& 3.2 6.4 12.8 25.6 512 o tares) tares)

Baja California
1972 to 1980 167 84 61 29 19 17 4 4 | 0 0 182.8* 1.6
Sourhern California

1911 to 1924 76 60 55 27 15 [0 4 2 2 2 i} 147.01 7.5
1921 to 1930 7l L) 45 41 23 23 5 7 4 2 0 20611 6.3
1931 to 1940 42 15 19 19 9 9 [ ! i} 0 | {40.41 7.6
1941 to 1950 35 44 k1! 25 24 9 16 2 | 3 0 92.5% 35
1951 ta 1960 55 32 34 12 16 9 15 5 2 3 0 197.5% 5.0
f961 to 1970 47 24 30 24 17 7 6 5 5 3 ! 201.61 13.%
1971 to 1980 110 57 L] 19 26 ) 9 7 2 0 0 164.71 3.5

*Vegetation area, 2,060,800 ha, Since succulent coastal sage scrub near San Quintin and Valle de la Trinadad (5O kilometers east of Ensenada) is almost

nonflammakble, the effective area covered by the statistic is 1,500,000 ha,

tFire hectarage within national farest boundaries and inholdings only. Fram analysis of

1972 taq 1980 Landsat imagery, more than 80 percent of the total area burned in southern California is within nationai forests.
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er, the initiation of such a program is
without proper foundation since there
has been little controlled burping of large
units of vegetation.

The creation of chaparral mosaics in
southern California is highly desirable
since the mosaic is the basis of fire
contral. Fires would become smaller and
would he distributed more evenly over
time and space. Such was apparently the
case in southern California before fire
management.
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