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Abstract
Cattle play an important role in wildfire management by grazing fuel
on California rangelands. The benefits of cattle grazing have not been
thoroughly explored, though. Using statewide cattle inventory, brand
inspection and land use data, we have estimated that cattle removed 11.6
billion pounds (5.3 billion kilograms [kg]) of non-woody plant material
from California’s rangelands in 2017. Regionally, these reductions varied
between 174 and 1,020 pounds per grazed acre (195 to 1,143 kg per
hectare). Fire behavior is characterized in this paper by flame length. Fire
behavior models suggest that these regional fuel reductions lower flame
lengths, and lead to more manageable wildfires. In addition, fire-based
models show that cattle grazing reduces fuel loads enough to lessen fire
hazards in many grazed areas. Moving forward, there may be significant
opportunities to expand strategic grazing on rangelands to add extra
layers of protection against wildfires.

R

ecent wildfire seasons in California have been
some of the worst on record. This “new reality”
highlights the importance of understanding how
land management practices such as cattle grazing affect wildfire behavior. Fire behavior is characterized
in this paper by flame length. While climate change
can lead to more severe fire behavior for California
wildfires, our findings suggest that land managers can
help balance out these dangers in grasslands by using livestock grazing to reduce fuel loads. CAL FIRE’s
California Vegetation Treatment Program (CalVTP)
utilizes prescribed herbivory, which is the targeted
grazing of cattle, sheep and goats to reduce wildland
plant populations. While not included in CalVTP, conventional grazing also plays an important role in fuel
load reductions.
Livestock grazing is a prevalent land use on
California’s rangelands and is considered a costeffective method of reducing fuel loads (Taylor 2006).
As such, fuel reduction through livestock grazing is a

These stocker cattle graze seasonally, during
spring, reducing fine fuels across a large
landscape. Photo: Devii Rao.

60

CALIFORNIA AGRICULTURE

• VOLUME 76, NUMBER 2–3

common management goal in regional, state, county
and agency management plans (EBMUD 2000; EBRPD
2013; George and McDougald 2010; Rancho Mission
Viejo 2006; Santa Clara County Parks 2018). However,
management plans generally do not list target fuel conditions to achieve through livestock grazing.
Since livestock grazing is already in widespread use
for wildfire fuel management in California, it is important to understand in greater detail to what extent
livestock reduce fuel loads across the state, including
how this varies spatially. More research on grazing for
fuel reduction has been done on sheep and goats than
on cattle (Nader et al. 2007). Especially in California,
much of this research has focused on forests and shrublands rather than grasslands, and on woody rather than
herbaceous fuels (Green and Newell 1982; Minnich
1982; Narvaez 2007; Tsiouvaras et al. 1989). While
cattle graze all rangeland types in California, they primarily graze grasslands, preferring herbaceous forage
like grasses and flowering plants (Launchbaugh et al.
2006; Van Soest 1994). When these fuels dry out, they
are known as “fine fuel” — fuels with a high surfacearea-to-volume ratio that can be quickly combusted in
wildfires (USFS 2022). Because they are by far the most
widespread and abundant domestic grazers in the state
(Saitone 2018), understanding the effects of cattle grazing on rangeland fuel loads is particularly important.
Beef cattle account for the vast majority of rangeland cattle. However, the number of beef cows in
California today is only about 57% of their peak
numbers in the 1980s (Saitone 2018). This reduction is
mirrored by declines in authorized grazing on public
lands in the state over that time period (Oles et al. 2017;
Saitone 2018). The number of grazed rangeland acres
has been in decline as well, both on private (Cameron
et al. 2014) and public lands (Forero 2002; Oles et al.
2017). This reduction influences rangeland fuel levels,
as less fine fuel is removed through grazing.
Cattle grazing can reduce rangeland fuels in several
ways. The most frequently studied and perhaps most
important way is by removing fine fuels. This can affect fire behavior by reducing rates of spread, flame
lengths and fire intensities. Despite widespread interest
in this topic, there is only one published study of the
impact of cattle grazing on fine fuels and fire behavior
in California (Stechman 1983). This study looked at fire
behavior in an annual grassland grazed by cattle; however, the level of residual dry matter (RDM) was much
higher than is typical for grazed annual grassland in
California. RDM is the amount of herbaceous plant
matter from the previous season immediately prior
to the first fall rains (Bartolome et al. 2006). Other
studies from western U.S. rangelands in sagebrush
steppe, mesquite savanna and cheatgrass-dominated
grasslands have shown that cattle grazing can reduce
fine fuel loads and, in turn, slow fire spread and flame
length (Bruegger et al. 2016; Davies et al. 2010; Davies
et al. 2015; Diamond 2009; Schmelzer et al. 2014).
Several of these studies rely on fire behavior models to

analyze the effects of fine fuel reduction on fire behavior (Bruegger et al. 2016; Diamond 2009).
Cattle grazing can also reduce rangeland fuels by
causing long-term changes in species composition
and vegetation structure. Perhaps the most important
example of this in California is that cattle grazing can
prevent or slow the encroachment of shrubs and trees
into grassland. Much of coastal California has shown a
trend of shrub encroachment on grassland (particularly
by coyote brush, Baccharis pilularis) in the absence of
grazing and fire disturbances (Ford and Hayes 2007).
For instance, in the San Francisco Bay Area, limited
grazing in the mid- to late 20th century has been
linked to widespread shrub encroachment and loss
of grassland (Keeley 2005; McBride and Heady 1968;
Russell and McBride 2003). Coyote brush encroachment is also occurring on the southern California coast
(Brennan et al. 2018). Shrub encroachment, even if by
native species, presents a challenge for fire management
because dense stands of shrubs increase fire hazard and
fire intensity (Ford and Hayes 2007; Parker et al. 2016).
Grazing is a key management technique to minimize
these more severe wildfires in areas where retention of
grasslands is an important goal.
The amount of herbaceous fuel on the ground
during fire season in grazed California rangelands is
largely a function of herbaceous growth in any given
year, the number of livestock grazing per acre (grazing
pressure), and vegetation biomass loss due to weathering (Frost et al. 2008; Larsen et al. 2021). Forage
production is notoriously variable and unpredictable
in California, both between years and across the landscape at a fine scale (Becchetti et al. 2016; Devine et al.
2019). The number of livestock grazing in the state is
relatively stable by comparison.
The goals of this study are to inform planning, policy, and risk assessment at the state and regional scales

Comparison of ungrazed
grassland (inside exclosure)
versus grazed grassland
(outside exclosure). Photo:
Royce Larsen.

http://calag.ucanr.edu • APRIL– SEPTEMBER 2022

61

and to clarify the benefit of strategic grazing to mitigate
wildfire risk. To accomplish this, we describe the degree to which cattle remove fine fuels from rangelands
in different areas of the state and use models to try to
understand how this fine fuel removal affects fire behavior. We aim to help answer the following questions:
1. How much herbaceous fuel is removed by cattle
from grazed rangelands in California, and how does
this amount vary by region in the state?
2. What can fire behavior models tell us about how effective current levels of cattle grazing are at altering
wildfire behavior?
3. How do spatial patterns of grazing and fuel reduction within regions inform our understanding of
the impact of cattle grazing on fire behavior?
To answer the study questions, we first estimated
rangeland fine fuel reduction by cattle in California.
Next, we characterized year-to-year and spatial variability associated with fuel reduction. Finally, we applied fire models to predict how estimated regional fuel
reduction would affect grassland fire behavior.

Calculating fuel reductions
We assumed that fine fuel reduction by cattle equals
the amount of rangeland forage consumed by cattle in
California. This is a conservative estimate of the total
fuel reduction since it does not explicitly consider fine
fuels removed through trampling (Nader et al. 2007),
but see AUM in supplemental table 2 in the online
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To estimate forage removed per rangeland acre, we
divided the estimated forage consumed by rangeland
acreage in each region. To account for differences in
approaches to estimating rangeland acreage, we calculated this using two datasets: county crop reports and
the GAP classification.
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supplemental appendix. Consumed rangeland forage
is a function of the number of cattle grazing on rangelands (head), the class of cattle, and the time spent
grazing on the rangeland (in months; equation 1). We
used five datasets to determine the values in equation
1, including the 2017 USDA Agricultural Census, California Brand Inspection Data, County Crop Reports,
GAP LANDFIRE vegetation classification and MODIS
imagery (supplemental table 1). We also consulted with
livestock and range advisors from the University of
California Cooperative Extension (UCCE) to estimate
irrigated pasture use and further refine the data (See
“Animal Unit Months and Forage Removal” in the online supplemental appendix).
The census data provides an inventory of beef cows
and “other cattle” in each county. “Other cattle” are all
non-cow classes (including both beef and dairy cattle).
We used the brand inspection data to estimate the
proportion of “other cattle” that were beef cattle, and
to estimate the proportion of these that belong to each
non-cow class (supplemental tables 1 and 2).
In order to account for inter-county movement of
cattle, we created beef production regions in California
(fig. 1). These regions were selected to account for the
majority of inter-county movements of cattle, and for
similarities in forage production and livestock production practices for counties without pronounced patterns of inter-county cattle movement.
Regional rangeland acres were calculated by:
(1) summing harvested rangeland acreage statistics
from the county crop reports to estimate “Grazed
Rangeland” acres, and (2) summing the rangeland
acreage types per region using the GAP/LANDFIRE
National Terrestrial Ecosystems (GAP) (USGS 2016)
classification to estimate “Total Rangeland” acres.
We used the following equation to calculate the
total pounds of forage removed on rangelands in each
region by cattle (variables are described in supplemental table 2):
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Imperial

RDM is the unused forage at the end of the grazing
season (fall) (Bartolome et al. 2006), measured in
pounds per acre or kilograms per hectare. The total
amount of forage produced per acre on rangelands
is generally measured in late spring at peak standing crop. It is an approximate measure of the amount
of fine fuel produced per acre annually (excluding

non-forage species), which is an important determinant of fuel load. RDM is not a perfect measure of fuel
load because it excludes non-forage species and is only
measured at the end of the fire season. Nevertheless, it
gives an approximate value for residual fuel load. When
compared to production measurements, RDM can be
used to determine fine fuel removal rates by livestock
in grazed rangelands.
We evaluated production data from 52 sites in the
Central Coast, North Coast and Sacramento-SierraCascade regions that was collected between 2000 and
2019, and RDM data from 105 sites collected between
1987 and 2019. We summarized these data to characterize variability in production between regions and
at sub-regional scales, and to qualitatively assess heterogeneity of RDM and fuel reduction rates on grazed
rangelands (supplemental table 4). We then compared
these reduction rates to regional fuel reduction rates
from the census-based fuel reduction estimates.

Modeling fire behavior
Custom fuel models were built using the BehavePlus
6 fire behavior model application to determine how
variation in grassland fine fuel loads could affect flame
length. Initial parameters were based on the low fuel
load, dry-grass model GR2 (Scott and Burgan 2005),
and the two grass models from the “original 13 fuel
models” as described by Anderson (1982). However,
several variables were altered to represent a range
of fuel loads in different topographic positions and
weather conditions (supplemental table 6). The pattern
and scale of results from using the three different fuel
models as the base for custom fuel models were similar
(supplemental figs. 1–4). Therefore, our discussion is
limited to the results of using the GR2 fuel model.
A summer model was built to represent fuel conditions after annual grasses had senesced and dried,
and when fire conditions should be most extreme in
a given year. For the summer models, we evaluated
flame lengths when wind speeds were between 0 and 40
miles per hour (0–64.4 kilometers [km] per hour), and
when fuel loads were between 100 and 2,000 pounds
per acre (112–2,242 kilograms [kg] per hectare [ha]).
Additionally, three separate dead fuel moisture scenarios (high at 13%, moderate at 6% and low at 2%) and
two separate slope scenarios (high at 100% and low at
0%) were run. The high dead fuel moisture scenario
was set to 13%, since our moisture of extinction (fuel
moisture at which fuels are no longer ignitable) was set
at 15% and is within the range of values that can be expected in California grasslands (Livingston and Varner
2016). While there is a dearth of literature on dead fuel
moistures in California grasslands, the moderate dead
fuel moisture scenario was set to 6%, because that was
the lowest value measured by Livingston and Varner
(2016) in late September. We set this as our moderate
value, instead of our low value, because their measurements took place in Northern California, where we

might expect higher dead fuel moistures due to a more
mesic (moist) climate. Lastly, the low dead fuel moisture value was selected to represent very extreme fire
conditions. The higher slope value of 100% slope was
selected to represent a high slope scenario, but one that
was still reasonable for firefighters to access.
A spring model that included more live fuel and
a higher fuel moisture content was also evaluated
(supplemental figs. 1 and 2). While the GR2 model is
dynamic and automatically reapportions some of the
live herbaceous fuel to a one-hour fuel load, we turned
off the dynamic feature of our fuel models because we
were manually setting the ratio of live to dead fuel as
part of the spring and summer scenarios.
BehavePlus 6 defaults to setting a maximum effective windspeed, but studies have shown that this
can underestimate flame lengths and rates of spread
(Andrews et al. 2013). Therefore, we turned off this
feature and did not impose a maximum effective
windspeed in our model calculations. Additionally,
BehavePlus 6 has the option for the windspeed to be
calculated at the midflame height, 20 feet above the
vegetation, or 10 meters above the vegetation. We set
the input for wind speeds to be at midflame height.
This is the average windspeed from the top of the fuel
bed to the height of the flame in relation to the fuel.

Regional variations
Approximately 1.8 million beef cattle grazed rangelands in California in 2017. Although there was a slight
dip in the number of beef cows in the state during the
2012–2015 drought, their number had rebounded to the
decadal average by 2017 (CDFA 2010–2018), indicating
that 2017 Census numbers are representative of the predrought cattle numbers.
Beef cows were by far the most abundant beef cattle
class, with 677,000 on range in the state in 2017. This
was followed by steers, heifers, “mixed” (an amalgamation of different classes that couldn’t be separated using
the brand inspection data), and bulls.
The number of months cattle spent on rangeland
varied by county and by cattle class. Cows were estimated to spend an average of 10.7 months on rangeland (this accounts for cows that were removed from
rangeland due to replacement). Steers and heifers
were estimated to be on range an average of 7.6 and
7.7 months, respectively, and bulls and “mixed” cattle
averaged 6.6 months on range. Time spent on range by
each class of cattle varied substantially between counties and regions.
The cumulative fine fuel removal by these cattle varied by region from 85.0 million pounds (34.6 million
kg) in the South Coast region to 5,444 million pounds
(2,469 million kg) in the San Joaquin-Sierra region (fig.
2). In regions with higher levels of irrigated pasture use
(San Joaquin-Sierra and Sacramento-Sierra-Cascade),
estimates of fuel removal may be somewhat higher than
actual removal rates if irrigated pasture use was higher
http://calag.ucanr.edu • APRIL– SEPTEMBER 2022
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FIG. 2. Millions of pounds of rangeland fuel removed by cattle in each region.
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FIG. 3. Pounds per acre of fuel reduction on grazed rangelands in California regions.

in 2017 than the regional estimates used in our analysis. Across the state, the total fuel reduction by cattle in
2017 was 11.6 billion pounds (5.3 billion kg). Overall,
this is probably a conservative estimate of fuels reduced
on rangelands since it does not take into consideration
fine fuels trampled by cattle and incorporated into
mineral soil.
There were 19.4 million acres (7.9 million ha) of
rangeland grazed by livestock in California according to county crop reports and county Agricultural
Commissioners’ offices. This is close to the 17 million
acres (6.9 million ha) of private grazed rangeland previously reported in the state (CAL FIRE 2017), which is
not surprising since many county crop reports do not
include federal grazing allotments in their rangeland
acreage estimates. On the other hand, our estimate of
the total rangeland acreage based on the California
GAP was 59.4 million acres (24 million ha). This estimate includes all public and privately owned rangeland, whether or not it is grazed.
The average amount of fuel removed across grazed
rangelands in the state was 596 pounds per acre (668
kg/ha). This number varied from 174 pounds per acre
(195 kg/ha) in the Southeast Interior region to 1,020
pounds per acre (1,143 kg/ha) in the San Joaquin-Sierra
Region (table 1; fig. 3).
When calculated across all rangeland acres identified in the GAP analysis (not just grazed acres), average
fuel reduction was only 195 pounds per acre (219 kg/
ha). This lower number is largely due to the fact that
there is rangeland that is not grazed in every region.
The per-acre fuel reduction using the GAP acreage has
similar regional trends to fuel reduction based on acreage from the county crop reports (table 1; fig. 4).
The regional values of grazing intensity are far below the amount of forage produced by region in most
years. Valley grasslands in the interior of the state generally produce 2,000 pounds of forage per acre (2,242
kg/ha) or more in an average forage year (Bartolome
1987; Becchetti et al. 2016). Central and northern coast

TABLE 1. Acreage and average fuel reduction rates on grazed and total rangelands by region
Grazed rangeland acreage
(from crop reports)

All rangeland acreage
(from GAP)

Fuels removed – grazed
rangelands (pounds/acre)

Fuels removed – all
rangelands (pounds/acre)

Central Coast

3,983,153
(1,611,925 ha)

7,242,014
(2,930,739 ha)

419
(470 kg/ha)

230
(258 kg/ha)

North Coast

1,857,912
(751,870 ha)

2,504,836
(1,013,671 ha)

419
(470 kg/ha)

450
(504 kg/ha)

Sacramento-Sierra-Cascade

5,827,095
(2,358,142 ha)

11,703,394
(4,736,196 ha)

495
(555 kg/ha)

246
(276 kg/ha)

San Joaquin-Sierra

5,336,824
(2,159,736 ha)

9,265,683
(3,749,689 ha)

1,020
(1143 kg/ha)

588
(659 kg/ha)

South Coast

211,560
(85,615 ha)

3,659,608
(1,480,991 ha)

401
(449 kg/ha)

23
(26 kg/ha)

Southeast Interior

2,232,720
(903,550 ha)

25,031,549
(10,129,908 ha)

174
(195 kg/ha)

16
(18 kg/ha)

19,449,264
(7,870,838 ha)

59,407,085
(24,041,194 ha)

596 (average)
(668 kg/ha)

195 (average)
(219 kg/ha)

Region

Total
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Pounds of fuel removed per acre

range grassland sites produce more than 3,000 pounds
of forage per acre (3,363 kg/ha) (Becchetti et al. 2016;
Larsen et al. 2020). Coastal prairie sites can be highly
productive, producing more than 4,500 pounds per
acre (5,044 kg/ha) on average in the Central Coast
(Larsen et al. 2020). In the highest production years,
forage production can be double the average in any
given region, and in the lowest production years it
can be less than 25% of average production (Larsen et
al. 2020). The relatively low grazing intensity reflects
the generally conservative stocking strategies used by
many ranchers across the state to hedge against the unpredictable and highly variable annual forage production (Macon et al. 2016).
It’s important to keep in mind that grazed acres and
forage removal rates in this paper are not “hard numbers,” but rather are estimates to inform large-scale
patterns of fuel removal by cattle. These estimates are
based on the best available data, but these data do not
describe the intricate (and dynamic) details of cattle
grazing across the state. These numbers should be interpreted in the context of understanding regional fuel
reduction, not as predictive of grazing practices at subregional scales. There is a need for more consistent and
accurate reporting of cattle numbers and grazed acres
across the state.
Based on several datasets, forage production and
RDM were highly variable within and between regions
of the state. Average RDM in each region was significantly less than production, but the amount of fuel
reduced was highly variable (table 2).
Collectively, these data show that reductions of
fuels measured on ranches can differ significantly
from region-wide averages seen in the Census analysis. The Census gives an indication of the county in
which grazing occurs, but it does not tell us where
those animals graze within the county. The RDM data
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FIG. 4. Pounds per acre of fuel reduction on all rangelands in California regions.

also show that spatial differences in forage production
and grazing practices can lead to differences in the
amount of fine fuels and the level of fuel reduction by
cattle. This is consistent with other research showing
that annual forage production is highly variable across
the state, varying at small and large scales in relation
to soil characteristics, microclimate, position on the
landscape, and tree canopy cover (Becchetti et al. 2016;
Devine et al. 2019; Frost et al. 1991).

Lower flame lengths
Keeping flame lengths below eight feet (2.4 meters [m])
is seen as a critical threshold that allows fire fighters
to use direct measures (such as heavy equipment) on
the ground to fight fires. Below four feet (1.2 m), fires
can be fought using hand tools (Andrews and Rothermel 1982). However, these thresholds are somewhat
fuzzy and dependent on other aspects of the fire, i.e.,

TABLE 2. Forage production and residual dry matter (RDM) from coastal prairie, coast range grassland, and valley grassland sites in Central and
Northern California

Average production
(pounds/acre)

Production
minus summer
decomposition
(75% of total)*

Average RDM
(pounds/acre)

Average fuel
reduction
(pounds/acre)

Region

Data source

Central Coast (Coastal)

Larsen et al. 2020

4,978
(5,580 kg/ha)

3,734
(4,185 kg/ha)

1,815
(2,034 kg/ha)

1,919
(2,151 kg/ha)

Northern California
(Coastal)

Bartolome et al. 2015
and Point Reyes
unpublished data 2020

7,053†
(7,905 kg/ha)

5,290
(5,929 kg/ha)

2,147
(2,406 kg/ha)

3,143
(3,523 kg/ha)

Central Coast (Coast
Range)

Larsen et al. 2020

3,371
(3,778 kg/ha)

2,528
(2,834 kg/ha)

2,055
(2,303 kg/ha)

473
(530 kg/ha)

Central Coast (Coast
Range)

NRCS unpublished data
2010

3,055
(3,424 kg/ha)

2,138
(2,396 kg/ha)

1,775
(1,990 kg/ha)

363
(407 kg/ha)

Central Coast (Interior)

Larsen et al. 2020

1,961
(2,198 kg/ha)

1,471
(1,649 kg/ha)

1,053
(1,180 kg/ha)

418
(469 kg/ha)

Sacramento-SierraCascade (Interior)

UC ANR unpublished
data

3,096
(3,470 kg/ha)

2,322
(2,603 kg/ha)

800‡
(897 kg/ha)

1,522
(1,706 kg/ha)

* Based on Frost et al. 2005.
† Production values from only two years of data.
‡ RDM values estimated not measured.
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spread and fire intensity (Andrews et al. 2011). Based
on our fire behavior models, on flat ground in dry
summer conditions (when dead fuel moisture is 6%),
fine fuel loads below 1,225 pounds per acre (1,373 kg/
ha; fig. 5) are predicted to keep flame lengths below
eight feet at wind speeds up to 15 miles per hour (24
km per hour). At higher dead fuel moisture levels and
lower wind speeds, flame lengths may be kept below
eight feet at higher fuel loads. However, in extreme
fire weather with very low dead fuel moisture (2%)
and wind speeds up to 40 miles per hour (64.4 km per
hour), fine fuel loads may need to be reduced below
214 pounds per acre (240 kg/ha) (fig. 5) to keep flame
lengths under eight feet. In high slope areas during dry
conditions (6% dead fuel moisture) with windspeeds
of 15 miles per hour, fine fuel loads would need to be
kept below 1,000 pounds per acre (1,121 kg/ha) to keep
flame lengths below eight feet. In very dry conditions
(2% dead fuel moisture), at wind speeds of 40 miles
per hour, fuel loads would need to be reduced below
205 pounds per acre (230 kg/ha) to keep flame lengths
below eight feet. While these models are useful for interpreting potential impacts of estimated fuel reduction
levels, the results still need to be experimentally validated in California before they are used for policy and
planning purposes. Also, these models do not evaluate
ignition potential, level of shrub encroachment, and
areas with elevated ignition risk, which may have different fuel load thresholds. There is always a level of
uncertainty associated with fire behavior modeling.
A

Depending on the aptness of the fuel models, BehavePlus 6 results can be off by a factor of two or more
(Sparks et al. 2007).
Understanding the effect of cattle grazing on fire
behavior is complicated by the pronounced spatial and
temporal variability in forage production, fuel reduction, shrub encroachment and RDM at scales smaller
than the region or county. In their measurements at
43 different ranches spanning a rainfall gradient in
Central California, Larsen et al. (2020) found RDM
values ranging from 75 to 6,258 pounds per acre (84 to
7,014 kg/ha) from 2000 to 2019. Forty percent of grazing fields had RDM values at or below 1,225 pounds
per acre (1,373 kg/ha), while only 4% were below 214
pounds per acre (240 kg/ha). This shows that many
areas of these grazed rangelands had good fuel conditions for non-extreme fire weather, but few locations
had fuel levels low enough to keep flame lengths below
eight feet in extreme fire weather. No grazing fields had
RDM below these thresholds consistently across all
monitoring years.

Strategic grazing
The inherent heterogeneity of grazing intensity and
fuel reduction may in fact be its greatest asset in reducing wildfire hazard and risk. Selective grazing
by livestock can create patchiness of fuels, reducing
continuity of fuels and reducing rate of fire spread and
total burned area (Bunting et al. 1987; Kerby et al. 2007;
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Launchbaugh 2016; Taylor 2006). At the ranch scale,
RDM data from the Central Coast shows that, even
in a region with relatively low grazing intensity, fuel
reduction of several thousand pounds per acre can be
achieved in select locations (Larsen et al. 2020).
Given that grazing intensity on California rangelands is generally conservative relative to the amount
of forage produced in most years (as evidenced by the
generally low fuel reduction for most regions in the
Census analysis), strategic implementation of grazing
should be employed to maximize the benefit of livestock grazing for fuels reduction. A strategic grazing
program would target grazing on certain areas of the
landscape. It should consider maintaining fuel breaks,
controlling shrub encroachment, employing grazing
near the wildland-urban interface, proximity to urban
centers, annual weather patterns (i.e., grazing in advance of Santa Ana or Diablo winds), potential sources
of ignition, and the realities of grazing operations (including animal distribution, nutrition, site accessibility,
and the need to bank forage for the fall). To be successful, grazing strategies must be logistically feasible and
financially sustainable for the grazing operator.
A strategic approach to fuels reduction is especially
important given that California rangelands are managed for multiple resource objectives. Reducing fuels on
all grazed rangelands to 1,225 pounds per acre (1,373
kg/ha) or less will not be compatible with some of these
objectives in some areas. RDM recommendations are
based on the type of grassland (dry annual grassland,
annual grasslands/hardwood rangeland, or coastal
prairie), terrain slope, and percent cover of woody vegetation (Bartolome et al. 2006). RDM standards vary
from 300 pounds per acre (336 kg/ha) on some dry,
flat inland sites to 2,100 pounds per acre (2,354 kg/ha)
on steep, coastal prairie sites (Bartolome et al. 2006).
Maintaining adequate RDM is expected to minimize
soil erosion, improve forage production, and influence
plant species composition at some sites — but many
areas have RDM standards above the preliminary fuel
load thresholds reported here. In particular, steeper
areas have higher minimum RDM recommendations
— but these areas would need even lower fuel loads to

keep flame lengths below eight feet. Testing these fuel
load thresholds on the ground and having discussions
between fire modelers and rangeland specialists will
be critical to making appropriate recommendations
about grazing levels to achieve both fire safety and
natural resource objectives. Furthermore, RDM is measured immediately prior to the first germinating rains
(September or October) and fuel reductions will need to
be achieved earlier in the year if they are meant to apply
to the bulk of the fire season. Fuel reduction also must
ensure that adequate forage is left to support continued
livestock grazing during the fall and winter months.
There are several potential synergies between reducing residual biomass for fire safety and conservation objectives. Excessive residual biomass and height
have been found to negatively affect many sensitive or
threatened wildlife species (Ford et al. 2013; Gennet
et al. 2017; Germano et al. 2011; Riensche 2008), cause
problems for weed management (Becchetti et al.
2016), and negatively affect some native plant species
(Bartolome et al. 2014; Beck et al. 2015). Where possible, maximum biomass standards for fuel reduction
should be strategically implemented to simultaneously
promote these and other conservation goals.
Cattle grazing is not the only management tool that
can be used to reduce residual biomass. Unlike wildfires,
prescribed fires are well planned, and are implemented
to achieve one or more specific objectives. Prescribed
fires burn thatch, increasing seed access to the soil surface, and creating more suitable light conditions and
ground temperatures for grassland forbs (Sugihara et al.
2006). This allows higher levels of seed production and
flowering in forbs after late spring fires. Prescribed fire
can be used alone, or in conjunction with grazing, to
improve habitat for some native plants and sensitive or
threatened wildlife species. In the early 1950s, ranchers
were permitted to burn a substantial amount of land in
California, up to more than 200,000 acres in one year
(Biswell 1999). Since that time, prescribed burn acreage
has been in steep decline. However, due to recent catastrophic wildfires, there is renewed interest in prescribed
burning. Though grazing is substantially more widespread than prescribed burning today, thanks to new

This cow-calf operation
on the Central Coast has
cattle grazing on the
ranch year-round, helping
to reduce the potential
for catastrophic wildfire.
Photo: Devii Rao.
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legislation (SB 901 and SB 1260) and development of
prescribed burn associations across the state, prescribed
burning is becoming a viable option again.

Grazing can reduce fuel
Cattle grazing plays an important role in reducing fuels
on California rangelands. Without grazing, we would
have hundreds or possibly thousands of additional
pounds per acre of fuel on rangelands, potentially leading to larger and more devastating fires. Cattle grazing,
of course, can’t eliminate wildfires completely. But it
can make a big impact. Cattle don’t consume forage
uniformly on rangelands. Instead, they eat in more of
a patchwork pattern. Thus, while cattle grazing does
not reduce fuels enough to avoid hazardous 4- or 8-foot
wildfire flame lengths on all grazed rangelands, many
areas will be grazed sufficiently to significantly alter fire
behavior (especially in non-extreme fire weather).
To effectively reduce wildfire hazards, rangeland
managers and planners must strategically coordinate
fuel management practices, such as cattle grazing along
with other natural resource objectives and management practices, including prescribed fire. This will
require the development of maximum residual biomass
standards that can be used to assess fuel loads at critical times and locations during the fire season. To help
develop these standards, we need to experimentally
validate fire behavioral models in herbaceous rangelands in California.
Widespread wildfires are predicted to increase over
time in California due to ongoing climate change. This
new reality requires that we take advantage of all the
tools available to protect public safety while also meeting broader rangeland management objectives. All of
this is occurring against the backdrop of the decline
of the number of beef cows grazing in California,

including on public lands, over the past several decades
(Oles et al. 2017; Saitone 2018). It is not feasible to graze
all rangelands to ideal fuel levels, nor is it compatible
with management goals across the state. However, there
are opportunities to improve fire safety in California by
grazing rangelands that are not currently being grazed
— or even by increasing grazing intensity on some very
lightly grazed areas. Strategic implementation of cattle
grazing, including potentially fee-for-service agreements on key private and public lands, can meet multiple natural resource objectives while also lowering fire
hazards by reducing fine fuels, reducing fuel continuity
and slowing or even stopping shrub encroachment onto
grasslands. C
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