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ince the year 2000 California has experienced a

remarkable upsurge in wildfires. Over five mil-

lion hectares have burned in the last 20 years,

which is double the area burned in the previ-
ous two decades. Much of this increase has been driven
by large fires of more than 50,000 hectares that cause
catastrophic losses of lives and property (Keeley and
Syphard 2019). This increased fire activity has been
correlated with an increase in average temperature
over this same period, leading many observers to assert
that global climate change must be playing a major
role. Climate models forecast continued warming and
thus some have suggested these catastrophic fires are
the “new normal” or the “new abnormal,” (Birnbaum
2018). In contrast, others have declared that these fires
are the result of “forest mismanagement” (Cranley
2018) and this has stimulated renewed interest in fuel
reduction (Office of Governor 2019). It’s almost as
though these opinions aren’t even in reference to the
same fires, and as described below, there is some valid-
ity to this assertion.

Sorting out the factors driving this rise in fire activity
requires an appreciation for the diversity of landscapes
and fire regimes in the state. After all, California has the
largest latitudinal range of any western state, comparable
to that from southern New Mexico to Wyoming, and
the largest altitudinal range (containing both the lowest
and highest points in the lower 48 states). California also
is the most populous state in the union: One out of eight
Americans live here. And most live within dense metro-
politan areas juxtaposed with fire-prone wildlands, while
a great many more live widely dispersed in rural settings.

A key to sorting out the factors behind increased fire
activity is understanding that we are looking at two very
different types of fires: fuel-dominated vs wind-dom-
inated fires. And each of these is controlled by differ-
ent environmental and historical factors (Table 1).
Understanding the differences between these two types
of wildfires is helpful for navigating the confusing array
of opinions expressed in the media as well as determin-
ing the appropriate management responses to reduce
future fire impacts.

Above: Aerial retardant drop on a chaparral wildfire in coastal southern California, taken July 5, 2008, in the foothills of the Los Padres

National Forest. [Dan Lindsay]
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FUEL-DOMINATED FIRES

Many of the forest fires of the past two of decades
have grown out of control due to anomalous fuel loads
resulting from 20th century management practices. In
the early 1900s increasing state and federal interest in
timber resources led to vigorous suppression of natural
fires in forests that historically had burned at decadal
frequency (McKelvey and Busse 1996) (Fig. 1). In the
moderately productive mid-elevation conifer forests of
the Sierra Nevada there is typically a vertical separation
between dead branches and other litter on the ground
and the living tree canopies above, and thus frequent
lightning-ignited fires were commonly restricted to
low intensity surface fires (Fig. 2). As a result such fires
were relatively easy to extinguish and thus many forests
in the western U.S. have experienced over a century of
near total fire exclusion.

Figure 1. Cross section of ponderosa

pine, upper edge is the outer bark, pith is
towards the bottom. Dates indicate previous
fires and none since active fire suppression
in the eor|y 1900s (section from Bruce Kilgore,
photo by Jon Keeley, USGS)

Figure 2. Low intensity surface fire typical of
historical fires in many western forests (Rim
Fire burning in Yosemite National Park, photo by
Jon Keeley, USGS)

Figure 3. Fire perimeter for the 2012

Barry Point Fire, hatched area indicates no
previous recorded fire from 1910 to 2012,
roughly 90% of area burned in 2012,
legend indicates other historical fire dates
(data from the State of California Fire and Resource
Assessment Program, FRAP Fire History Database,
https:/ /frap.fire.ca.gov,/mapping /gis-data/;
accessed Jan 2020).
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One consequence is that some of these forests have
accumulated understory surface fuels that represent
fuel loads an order of magnitude greater than histori-
cal levels (Keifer et al. 2006), made even worse by the
massive ingrowth of new saplings that not only further
increase the fuel load but also act as ladder fuels car-
rying fire from the surface to the canopy. A century
without fire has made these forests susceptible to high
intensity crown fires, a fire pattern evident in many
recent Sierra Nevada fires (Fig. 3). These types of fires
are best described as fuel-dominated fires (Table 1).

To be sure, some fuel-dominated fires can produce
their own extreme winds (e.g., the 2010 Station Fire
in Los Angeles County or the 2018 Carr Fire in Shasta
County), resulting from the high intensity burning of
heavy fuel loads. The extreme heat produces pyrocu-
mulonimbus clouds and are often described as plume-
driven fires that can collapse, producing extreme wind
events (Clements et al. 2018). However, such winds
are internally generated, a phenomenon that could
be altered by undertaking fuel treatments prior to fire
events.
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WIND-DOMINATED FIRES

On the other hand, wind-dominated
fires are those controlled by external
weather events. This is an important
distinction, as we have no ability to alter
such weather-driven wind events. Our
most catastrophic fires of the past few
decades have been just such wind-dom-
inated fires. They typically occur in the
western portions of California and burn
over non-forested landscapes of shrubs,
grasses, and woodlands. These fires grow
rapidly due to extreme wind events and,
as a result, pose severe challenges to fire

Figure 4. Offshore dispersion of smoke from a) North
Wind driven fires in northern California, 2017,
and b) Santa Ana Wind driven fires in southern
California, 2003.

suppression efforts. Readers will be familiar with several
of these recent “firestorms,” including the 2017 Napa-
Sonoma “Wine Country” fires and the 2018 Camp
Fire driven by North winds in northern California.
(Historically this is the appropriate term; however,
such winds are sometimes referred to as Diablo winds,
a term spawned by a newspaper reporter who noted
that the 1991 Oakland Hills Tunnel Fire was driven
by winds coming from the direction of Mount Diablo,
thus the term is less appropriate for wind-driven fires

throughout the region.) Other such “firestorms” include
the 2017 Thomas Fire and the 2018 Woolsey Fire driven
by Santa Ana winds in southern California. While
these winds may occur in both the spring and autumn
(Fig.5a) they are most problematic in the autumn, fol-
lowing the three to six months of drought typical of our
Mediterranean climate (Fig. 5b), leaving natural vegeta-
tion at its lowest moisture level. It is these autumn Santa
Ana wind and North wind fires that account for the
most catastrophic fires in the state (Table 1).

TABLE 1. Selected fires representing fuel-dominated and wind-dominated fires.

Year ‘ Fire ‘ County ‘ Mon. (days)* | Hectares ‘ Cause ‘ Lives Structures
Fuel-Dominated Fires:
1977 Marble C Monterey July - 71,980 Lightning 0 0
2012 Barry Point Modoc Aug - 37,630 Lightning 0 3
2012 Rush Lassen Aug - 110,080 Lightning 0 1
2013 Rim Stanislaus Aug - 104,220 Campfire 0 112
2014 King El Dorado Sept - 39,260 Arson 0 80
2015 Rough Fresno July - 61,360 Lightning 0 4
Wind-Dominated Fires:

1889 Santiago Orange Sept (3) 125,000 Campfire 0 0
1970 Laguna San Diego Sept (3) 70,500 Powerline 5 382
2003 Cedar San Diego Oct (3) 109,500 Flares 15 2,820
2007 Witch San Diego Oct (2) 80,200 Powerline 2 1,265
2017 Tubbs Sonoma Oct (2) 14,900 Powerline 22 5,643
2017 Thomas Ventura Dec (10) 114,080 Powerline 2 1,063
2018 Camp Butte Nov (2) 62,060 Powerline 88 18,804
2018 Woolsey Ventura Nov (3) 39,335 Powerline 1,643
2019 Kincade Sonoma Nov (5) 31,470 Powerline 374

*indicates days of Santa Ana or North winds [dafa from the State of California Fire and Resource Assessment Program, FRAP Fire History Database,

Y e .
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Figure 5. a) Days of Santa Ana winds and b) temperature and

precipitation in Los Angeles illustrating typical Mediterranean climate

of winter rains and summer droughfs [from Keeley et al. 2012).

Historically these landscapes have not experienced
the fire exclusion seen in many Sierra Nevada land-
scapes, despite being managed by the same fire sup-
pression policy (Fig. 6). This is due to the fact that
essentially all are caused by human ignitions, which
are relatively common due to the high population
density in the western portion of California (Keeley
and Syphard 2018). As a consequence, there has not
been any lack of fire and most large fire events burn
across landscapes with an extensive fire history and no
anomalous fuel accumulation. Indeed, some of these
large fires—e.g., the Thomas Fire (Keeley and Syphard
2019)—have burned across areas where extensive pre-
scription burning had occurred in recent years, point-
ing to the conclusion that prior fuel treatments are
having limited effect on the spread of these fires. Even
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landscapes not experiencing high fire
frequencies, such as the San Francisco
Bay Area, are not outside their range
of natural fire frequencies and so fuels
have not accumulated due to fire sup-
pression (Keeley 2005). To be sure,
some communities in this region have
dangerous fuels but these are often the
result of urban plantings of Acacia,
Eucalyptus and Pinus and not so much
due to accumulation of wildland fuels
from elimination of natural fires.

Every year there are many Santa Ana
wind events but most years we don't see major wind-
driven fires because they are entirely dependent on a
human ignition happening during an extreme wind
event. Indeed, only about five percent of the Santa
Ana wind days are accompanied by a large fire event
(Rolinski et al. 2019). Some have suggested that these
Santa Ana winds are increasing in frequency, duration,
and intensity, but records do not show a change in the
character of these winds since the mid-1900s (Williams
et al. 2019). Rolinksi et al. (2016) found that fires
during extreme weather events are larger than ones
in less extreme Santa Ana conditions, and some have
interpreted this to mean that fires are becoming worse
because Santa Ana winds are becoming more extreme.
However, this study only considered Santa Ana winds
after an ignition had occurred, thus ignition sources
are critically important. It's important to recognize
that Rolinksi’s Santa Ana Wind Threat Index is not an
indication of when an extreme fire will occur but only

how bad the fire will be once ignited.

What determines an extreme fire

year is the untimely human ignition

during an extreme wind event. This
is illustrated by the fact that the fre-
quency of these wind events is not
correlated with area burned (Keeley
and Syphard 2018) and our largest
fire years occur in high as well as
low Santa Ana wind intensity years

Figure 6. Fire history within the perimeter
of the 2018 Woolsey Fire. Hatched area
indicates less than 1% of the area unburned
prior to 2018, legend indicates other fire
dates (data from the State of California Fire and
Resource Assessment Program, FRAP Fire History
Database, hitps://frap.fire.ca.gov,/mapping/gis-
data/; accessed Jan 2020).
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(Fig. 7). Ultimately it is all determined by an untimely
human ignition event. Of course climate is peripher-
ally related as it has been found that these fires are less
likely to occur when relative humidity is high (Jin et
al. 2014) and this most certainly is tied to decreased
probability of such fires after early autumn precipita-
tion (Keeley and Syphard 2017).

Indeed, Santa Ana wind events occur multiple times
every year, yet during most such wind events there is no
human ignition and thus no fire (Keeley and Syphard
2017). There is little evidence that the increase in the
number of catastrophic fires is the result of increased
intensity of Santa Ana wind events. For example
Guzman-et al (2016) mapped the annual intensity of
Santa Ana wind events (Fig. 7) yet when we overlaid
extreme fire years of over 100,000 hectares burned in
southern California (Fig. 7), we find that such extreme
fire years are associated with low as well as high inten-
sity Santa Ana wind years; e.g., the catastrophic 2003
Cedar Fire (Table 1) occurred during a year with low
intensity Santa Ana winds.

CHANGING IGNITION SOURCES

Lightning is a common ignition source in forests of
the Sierra Nevada and northeastern California and
thus accounts for many fuel-dominated fires (Table
1). However, lightning is relatively uncommon in
coastal regions (Keeley and Syphard 2018) and does
not occur under the synoptic conditions that create
extreme Santa Ana and North wind events. Thus, these
wind-dominated fires are - 100% human-ignited fires
(either from intentional causes, such as arson, or acci-
dental causes, such as sparks from equipment).

In the last decade, the majority of these large fires—
including some of the biggest fires in 2017, 2018,
and 2019—have been ignited by powerline failures
during extreme wind events. Indeed, since the year
2000 over half a million acres have burned due to
powerline failures, which is five times more than in
the prior two decades (Keeley unpublished data). The
increased impact of powerline-ignited fires is not the
result of increased frequency or intensity of extreme
wind events. There are two likely explanations for this
increase in powerline-ignited fires: 1) expansion of the
electrical grid due to increased development, which
provides more opportunities for powerline ignited fires,
and/or 2) deteriorating powerline equipment resulting
from age and inadequate maintenance (one California
regulator contends that electrical grid equipment is
being run to the point of failure (Penn et al. 2019)).

Figure 7. Pattern of Santa Ana Wind (SAW) characteristics from
Guzman-Morales et al. 2017 and with red dots indicating very high
fire years exceeding a hundred thousand hectares burned (from Keeley
and Syphard 2017). Correlation analysis between frequency of Santa
Ana Wind events or the infensity of extreme Santa Ana Wind events

with area burned there is no significant relationship in southern
California (R2=0.01 and R2=0.00, respectively).

GLOBAL CLIMATE CHANGE

Some forecasts of future fire regimes based on differ-
ent climate change simulations predict huge increases
in California wildfires (Westerling 2018). These mod-
els need to be viewed in light of the fact that they are
driven by untested assumptions, they don’t adequately
account for the complexity of fire driven changes in
vegetation (Syphard et al. 2018b), and they don’t con-
sider changes in fire-climate relationships over time, as
well as changes in human-ignition patterns.

An alternative approach to future modeling is ret-
rospective studies. Confucius stated “If one wants to
define the future, they must study the past” (Castro
2012). We recently conducted a study that took an
empirical approach and asked how seasonal variation
in temperature and precipitation has correlated with
area burned, year to year, in the past. This investi-
gation, which differs from those using algorithms of
future fire-climate relationships, covered much of the
last 100 years and separated out the effect of differ-
ent seasonal temperatures (Keeley and Syphard 2017).
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One interesting finding is that in no region of the state
did winter temperature play a role in determining sub-
sequent fire activity. This may be important since some
climate models predict the greatest global warming to
occur in the winter in the northern hemisphere. So
perhaps this type of warming might not translate into
changes in fire severity and frequency in California.

We can summarize our findings by contrasting U.S.
Forest Service lands in the Sierra Nevada (Fig. 8a) with
the lower elevation California Department of Forestry
and Fire Protection responsibility lands in southern
California (Fig. 8b). In Sierra Nevada forests there is
a significant relationship between higher spring and
summer temperatures and area burned; indeed, in the
last 50 years, the combination of these two climate
variables (spring and summer temperature) could
explain over 50% of the year-to-year variation in area
burned (Keeley and Syphard 2017). This is consistent
with claims that global warming has played a role in
increased burning in western forests in recent decades
(Abatzoglou and Williams 2016).

In contrast, on non-forested landscapes in southern
California we found little correlation between seasonal
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temperatures and area burned (Fig. 8b), a pattern con-
sistent with other recent studies (Williams et al. 2019).
We surmise that this is likely due to the fact that in
southern California it is hot and dry enough every
year to support large fires. (Note that maximum sum-
mer temperatures in the Sierra Nevada, when fires are
most extensive, are similar to the lowest temperatures
observed in southern California in the summer, Fig.
8a&eb). The lack of a strong annual climate relation-
ship with fires in southern California is due to climate
being overridden by other factors, such as extreme
wind events, increasing human ignitions during severe
wind events, and long-term drought. Interestingly,
while there has been an effect in the last 50 years of
prior year precipitation on fires in southern California,
this effect is well known in grasslands and savannas
throughout the southwest and is tied to elevated grass
fuel loads following high rainfall years (Keeley and
Syphard 2017). We believe the reason this relationship
showed up for southern California in the last half of
the long-term record (Fig. 8b) is due to the well-docu-
mented increase in type conversion from shrublands to

grasslands in the region (Syphard et al. 2018a).

b) CalFire - South Coast
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Akaike IC regression models

Sierra Nevada (USFS) r2

1910-2013 0.39 Temp spr+Temp sum-Ppt spr
1910 - 1959 0.42 - Ppt spr - Ppt win
1960 -2013 0.52 Temp spr + Temp sum

South Coast (CalFire) r2

1919-2013 0.00
1919 - 1959 0.00
1960 -2013 0.25 Prior pptPpt aut -Ppt sum

Figure 8. a) annual area burned from 1910 - 2013 for USFS lands in the Sierra Nevada plotted against winter, spring, summer, autumn
temperatures and multiple regression models using all temperature and precipitation data for these four seasons, and b) annual area
burned from 1919 - 2013 on CalFire lands in southern California and multiple regression analysis (from Kesley and Syphard 2017).
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One climate factor not considered when investi-
gating annual climates is the impact of long-term
droughts; i.e., those that last for multiple years.
Recently California experienced an intense drought
that began in 2012 and lasted for three years in the
Sierra Nevada and eight years in southern California
(Jacobsen and Pratt 2018). It was accompanied by
an immense dieback of trees in the Sierra Nevada
(Stephens et al. 2018) and of shrublands in southern
California (Keeley and Syphard 2019). This creation
of massive dead fuel loads represents a legacy on the
landscape that may persist through subsequent years
of higher rainfall. If drought-induced dieback proves
to have been a critical factor in making the 2017 and
2018 fire years so extreme it raises doubts as to whether
these fire years represent a new normal for California,
since although droughts are expected to be more
severe under climate change, there is no evidence that
such extreme droughts will be a normal feature going
forward.

What can we conclude about how climate change
may impact these coastal wind-driven fires? Global
warming may reduce grass growth leading to reduced
fire frequency in these grass-dominated landscapes. On
the other hand, higher temperatures have the poten-
tial for increasing the intensity of plant stress during
droughts, perhaps elevating dieback of woody plants
that would exacerbate fire spread and intensity; a study
by Williams et al. (2015) concluded that the last severe
drought in the Sierra Nevada increased the stress by
~10-15 percent. A further impact of global warming is
that it will likely alter postfire recovery of shrublands
by changing the competitive balance to favor alien
grasses, increasing type conversion to highly flam-
mable herbaceous fuels, leading perhaps to increased
fire frequency (Syphard et al. 2018a, 2019, Park et al.
2018).

In summary, there is good reason to conclude that
global warming is affecting Sierra Nevada forest fires.
In montane forests with fuel-dominated fires, summer
temperatures—although fluctuating greatly from year
to year—have been on an upward trajectory for many
decades and it is reasonable to assume a causal relation-
ship between increased fire activity and global warm-
ing. However, over this same period there has been a
steady increase in understory fuels. This raises an inter-
esting question: Would the strength of the observed
climate impact (Fig. 8a) have been as strong in the
absence of this anomalous fuel accumulation due to
fire suppression? In contrast, in the coastal regions
there is limited evidence that climate change is impact-

Figure 9. California population from Census Bureau
(https://www.census.gov,/data; accessed June 2019)

ing wind-dominated fires (Fig. 8b). However, global
warming has the potential for a number of indirect
impacts on vegetation that may alter fire regimes.

POPULATION GROWTH

Roger Kennedy, a former National Park Service
director, was one of the first to bring attention to
the role of population growth in raising the threat of
wildfire (Kennedy 2006). It is true that since 2000
California has experienced a highly variable and sub-
tle rise in temperature. However, less noticed is that
there has also been a steep rise in population, add-
ing about six million people (Fig. 9) over the last two
decades. Since ~100% of the wind-dominated fires
are ignited by humans or human infrastructure, there
is likely a causal relationship between this population
growth and the increased incidence of catastrophic
wind-dominated wildfires.

Although local, state, and federal agencies have
made significant progress in reducing the over-
all number of fires in the state over the last several
decades (Keeley and Syphard 2018), there has been
an increase in ignitions during extreme wind events.
Thus, the real driver of wind-dominated fires is not
the extreme wind events per se, but rather untimely
human ignitions during such extreme wind events.
And, of course, the addition of 300,000 more peo-
ple every year in the state increases the probability of
such an ignition event; moreover, urban sprawl into
wildland areas increases the probability of losses of
lives and property. An illustration of this is the 2017
Tubbs Fire that roared through sections of Santa Rosa,
Sonoma County (Fig. 10b) causing the deaths of 22
people and destroying more than 5500 structures.
Fifty years earlier the Hanly Fire had burned through
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a) 1964 Hanly-Fire

Low-density housing development

High-density housing development

much of the same landscape during a North wind event
(Fig. 10a), yet no one died and only about 100 struc-
tures were lost. Some researchers have discounted this
comparison because the Hanly Fire burned over a lon-
ger period of time and therefore it is assumed it was not
driven by severe winds. However, that fire burned for a
longer duration because it was was nearly three times
the size of the Tubbs Fire and when it made its run
towards Santa Rosa (overlapping with the perimeter
of the much later Tubbs Fire) it was driven by extreme
dry winds (7he Press Democrat, September 26, 1964,
front page), suggesting fire behavior similar to the 2017
Tubbs Fire. The difference in impact of these two fires
is likely due to the fact that during this 50-year period
Santa Rosa’s population grew from 30,000 to 170,000
people and the urban footprint had expanded such that
in 2017 development had expanded so that two thirds
of the area burned by the Tubbs Fire was low density
housing (Fig. 10b). This urban expansion was accom-
panied by expansion of the electric power grid, increas-
ing the chances of a powerline failure during North
wind events that drove both the Hanly and Tubbs fires.

MANAGEMENT CONSIDERATIONS

Fuel-dominated and wind-dominated fires exhibit
important differences (Table 1) that inform how to
manage these events. First, the fuel-dominated fires are
largely forest fires in lightly populated regions such as
the Sierra Nevada. In contrast, most wind-dominated
fires occur in non-forested ecosystems in the western
half of the state, though they may also occasionally
occur in more interior sites, such as the 2018 Camp
Fire that burned in Paradise. Wind-dominated fires
occur in densely populated landscapes and these fires
are responsible for the greatest loss of lives and property.

VOL. 47, NO. 2, MARCH 2020

b) 2017 Tubbs Fire

Figure 10. a) 1964 Hanly Fire
perimeter in pink, and b) 2017
Tubbs Fire perimeter in pink, with
changes in low density and high
densify housing (from Keeley and
Syphard 2019).

MANAGEMENT CONSIDERATIONS —
FUEL-DOMINATED FIRES

Montane forests have an anomalous accumulation of
fuels due to more than a century of fire suppression and
logging and therefore require concerted efforts at reduc-
ing the present fuel load (North et al. 2012). In the late
1960s, staff at Sequoia National Park began prescrip-
tion (Rx) burning and soon after the other national
parks in the Sierra Nevada followed suit (Keeley and
Syphard 2019). Over time these parks greatly exceeded
the area burned by adjacent forests. In recent years the
USES lands have accelerated the amount of Rx burning.
However, all Sierra Nevada lands are a long way from
burning at a rate sufficient to restore natural historical
fire frequencies. There are many limitations, including
funding, air quality restrictions, diversion of personnel
from Rx burns due to wildfires, among others.

MANAGEMENT CONSIDERATIONS —
WIND-DOMINATED FIRES: THE 5 P’S

Thedistinction between fuel-dominated and wind-dom-
inated fires is similar to the dichotomy between kata-
batic and non-katabatic wind-driven fires made by
Kolden and Abatzoglou (2018). They point out that in
southern California there are summer “fuel-dominated
fires” and autumn “wind-dominated fires.” While both
types of fires occur in the region, it is the latter type that
account for the vast amount of acreage burned, loss of
lives and destruction of property. While management
needs to be cognizant of both types of fire, it needs to
be appreciated that summer fires are the least threaten-
ing fires and we should put our greatest effort toward
autumn wind-dominated fires. Although all fires are a
threat if fuels around homes have not been reduced,
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there are five points to consider with respect to the cata-
strophic wind-dominated fires:

1)

2)

3)

People: On these landscapes, fire is more of a people
problem than a fuel problem. More people translates
into a greater probability of an ignition during a severe
wind event, and more development in highly fire prone
landscapes inevitably results in greater losses of lives
and homes.

Prevention: Rather than focusing on fuel treatments the
scientific evidence clearly points to a need for a much
greater emphasis on fire prevention. Although progress
has been made in reducing the number of fires, the
area burned has increased (Keeley and Syphard 2018).
Powerline failures are a major cause of large fires and
solutions to this increasing threat remain elusive. As
widely reported in the media, three major utility com-
panies in the state have implemented plans to monitor
winds and shut down the power grid during extreme
wind events. Such so-called Public Safety Power
Shutdowns (PSPS) have the potential to decrease fire
starts and limit damage (and, as a by-product, raise
public awareness of fire threats). But there are many
accompanying problems, as became evident during the
recent Kincade Fire (Table 1) in October 2019, which
was started by an electric failure, despite widespread
power outages at the time. Such shutdowns impacted
a multitude of vital services, including medical equip-
ment, water pumps, traffic signals, communication
equipment etc. One solution might be underground-
ing the power lines in areas known to be corridors
for extreme winds (Keeley et al. 2009). However, this
would be much more expensive for the utilities to
install and maintain. In addition, in areas where sensi-
tive natural resources are present, overhead power lines
may be less destructive. Nonetheless, San Diego Gas
& Electric, which has led the way with responding to
powerline-ignited wildfires, reports that 60% of its dis-
tribution lines are currently underground (Joe Vaccaro,
Fire Mitigation & Climate Adaptation Manager, San
Diego Gas & Electric Company, personal communica-
tion, 5 Dec 2019).

Planning: Community planning needs to devote sim-
ilar attention and resources to fire as to other hazards.
Since we have limited ability to control earthquakes
and floods, some urban planners have utilized zoning
restrictions to reduce impacts of these hazards. Yet, zon-
ing restrictions are largely lacking when it comes to fire
hazards, in large part because fires have been perceived
as controllable. However it is increasingly obvious that
this is not always the case and many communities

4)

are currently very vulnerable. Fire-zoning (Kennedy
2000) needs to be given more consideration as well as
urban planning that insures adequate ingress for fire
fighters and egress for residents during extreme fire
events. Perhaps replacing community planning with
a more regional approach might contribute to these
efforts.

Protection: High intensity fires generally do not
directly ignite homes when separated from vegeta-
tion by 30 meters (Cohen 2000). Home ignitions
are usually the result of embers blown onto the struc-
ture and this is particularly true under extreme wind
conditions. Ember cast firebrands often travel over a
distance of half a mile or more. Embers ignite only
under specific circumstances and this is most likely
when they land on dead fuels (Zhou et al. 2019).
Homeowners can diminish the probability of damage
by addressing those factors that affect embers igniting
their home, such as reducing plant litter on roofs and
gutters, enclosing eves so that vent orientation is less
susceptible to ember entry, closing open eves, plac-
ing fine mesh screens on vents, and installing dou-
ble-pane windows and appropriate siding (Syphard
and Keeley 2019). Well-watered trees with significant
foliage can provide protection from ember cast onto
a home (Keeley and Syphard 2019). In fact, watered
trees with green foliage may not be susceptible to
ignitions by embers, but rather could serve to extin-
guish them and deprive them of dry fuels. While the
notion of trees as “ember catchers” is appealing it is a
largely untested idea.

Roof top sprinklers may provide an added measure
of protection and may be justified by the observation
that trees adjacent to destroyed homes often survive
because their foliage is moist, whereas combustible
materials in homes represent dead fuels that are likely
at equilibrium with ambient relative humidity of 10
percent or less. However, such sprinklers would need
to address a number of issues. For example, metro-
politan water lines and water supplies are sometimes
compromised during fire events and thus there would
need to be a stand-alone water tank. Also, shutting
down the power grid is happening more often and
thus solar or other alternative power would need to
be available to pump water. In addition, there is the
need for further research on how to engineer such a
system in order to prevent the water spray from being
dissipated to the atmosphere due to the high winds.
Incorporating a system like this would likely be a
significant expenditure that may not be possible for
many home owners.

FREMONTIA



Fuel treatment around homes is critical but needs
to be focused on the ‘house out, i.e., putting
the greatest effort into the area nearest the home
and less as one moves further into the wildlands.
Reducing fuels within 30 meters of the house is

generally sufficient and further clearance beyond
that is of doubtful value (Syphard et al. 2012).

5) Prediction: There is an urgent need for improved
meteorological and fire behavior models that can
provide real time prediction of wind patterns and
fire spread during these extreme events, coupled
with improvements in communication systems
for providing that information to agencies and
homeowners.
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