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EXECUTIVE SUMMARY

Intense wildfires in California impose significant economic impacts well beyond the insured losses 
of destroyed buildings and the costs of fighting fires. When impacts on health and overall disruption 
to the economy are taken into account, the total economic burden from wildfires in California is 
estimated to be on the order of $100 billion annually.

These impacts have been increasing over the past several decades due to a warming climate, more 
human encroachment into fire-prone areas, the rising value of exposed assets, and long-term fuel 
accumulation due to the over-suppression of fires.

In addition to addressing global warming, proactive fuel reduction treatments such as  mechanical 
thinning and prescribed burning aim to reduce fuel loads to lower fire intensity and severity, 
thereby reducing the economic burden of wildfires.

Though fuel reduction has recently been embraced at both the federal and state levels, it necessitates 
substantial up-front investment, potentially amounting to billions of dollars annually, and it is not 
currently clear that these costs are justified from a cost-benefit perspective. 

This report critically assesses whether the economic benefits derived from such fuel reduction treat-
ments are sufficient to justify their costs. 

We conducted an empirical evaluation of the effectiveness of fuel reduction treatments by using 
a novel methodology that quantifies the relationship between fire intensity and fuel loads via 
machine learning on a large and high-resolution dataset. Our analysis found that if fuel reductions 
are able to reduce economic losses proportionately to their observed effect on fire intensity, then the 
economic benefits of fuel reduction treatments are likely to far outstrip their costs. 

The state of California has an articulated goal of reducing fuels on 1 million acres per year. If this 
reduction were to be conducted in order of cost-effectiveness (i.e., start with the 1 million acres that 
confer the highest net benefit), then, using our conservative central economic input parameters, 
meeting this goal would cost $3 billion annually but would confer a benefit of $10.9 billion annually 
for a benefit-to-cost ratio of 3.7-to-1 and a net benefit of $7.9 billion annually (Figure ES-1). 

Furthermore, we quantified the cost of inaction and found that each year of delay in scaling up fuel 
treatment to 1 million acres per year results in a net loss of $4 billion. 

We also estimated that the optimal rate of fuel reduction in California—the rate that maximizes the 
net annual economic benefit—is approximately 3.9 million acres per year or 3.9 times the state’s 
articulated goal.
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At a fuel reduction rate of 3.9 million acres per year, and using our conservative central economic 
input parameters, the annual cost of fuel reduction would be $10.5 billion, but it would confer a 
benefit of $22.2 billion annually for a benefit-to-cost ratio of 2.1-to-1 and a net benefit of $11.6 billion 
annually (Figure ES-1). The cost of each year of delay in scaling up fuel treatment to 3.9 million acres 
per year would be $5.8 billion.

We tested the robustness of these findings with a wide range of assumptions regarding the baseline 
economic burden of wildfires and the costs of fuel treatments. We found that if the economic bur-
den from wildfires is substantially higher than third party estimates and the cost of treatment is 
relatively low, then the net benefit of fuel reduction can be as high as $50 billion per year, with costs 
of each year of delay reaching $25 billion. We also found that third part estimates of the economic 
burden from wildfires would have to be overestimated by three to five times, and third party esti-
mates of the cost treatment would have to be substantially underestimated, for the net benefit of 
fuel reduction to not be on the order of at least $1 billion annually.  

Overall, our results constitute strong evidence that the net benefits of fuel reduction and the cost  
of delay in scaling up fuel reduction are on the order of at least several billion dollars annually.  
Thus, these results support a clear economic rationale for the rapid scale-up of fuel reduction efforts 
in California to at least the state’s articulated goal of 1 million acres per year, with greater benefits to 
be obtained with even more ambitious goals.
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Figure ES-1: Costs and benefits of fuel reduction in California at articulated goal of 1 million acres per year 
and rate that maximizes net benefit, which is 3.9 million acres per year. a) Annual costs and benefits for  
each treatment rate. b) Annual net benefit for each treatment rate. c) Ratio of annual benefits to annual costs 
for each treatment rate. d) Cost of each year of delay in scaling up fuel treatments to their final condition.  
The error bars represent the 25th to 75th percentile confidence intervals of the values according to the joint 
sensitivity tests shown in Figure 10 and Figure 12.
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Key Points: 

•  Magnitude of Economic Losses from Wildfires: When indirect effects are included, wildfires in 
California are estimated to impose economic losses of approximately $100 billion annually, which 
is several percent of California’s GDP. 

•  Costs of Fuel Reduction: Implementing fuel reduction strategies across California’s fire-prone areas 
is estimated to cost in the billions of dollars annually. 

•  Location-Specific Costs vs. Benefits: Our location-specific cost-benefit analysis showed that the 
most cost-effective regions are in the western foothills of the Sierra Nevada Mountains and produce 
approximately $10,000 in net benefits per acre treated per year.

•  Statewide Annual Costs vs. Benefits: We found that, over a large range of assumptions for economic 
losses from wildfires and the costs of fuel reduction, the economic benefits of fuel reduction far 
exceed their costs.

•  Annual Costs vs. Benefits at a Rate of 1 Million Acres per Year: At the state of California’s articulated 
goal of reducing fuels on 1 million acres per year, costs would be $3 billion annually, and benefits 
would be $10.9 billion annually, for a net benefit of $7.9 billion annually and a benefit-to-cost ratio 
of 3.7-to-1 (Figure ES-1). These numbers also imply a cost for each year of delay in scaling up fuel 
treatment of $4 billion. 

•  Rate of Treatment That Maximizes the Net Economic Benefit: The optimal rate of fuel reduction in 
California—the rate that maximizes the net annual economic benefit—is approximately 3.9 million 
acres per year or 3.9 times the state’s articulated goal.

•  Annual Costs vs. Benefits at a Rate of 3.9 Million Acres per Year: At an optimal rate of 3.9 million 
acres per year, costs would be $10.5 billion annually, and benefits would be $22.2 billion annually, 
for a net benefit of $11.6 billion annually and a benefit-to-cost ratio of 2.1-to-1 (Figure ES-1). These 
numbers also imply a cost of each year of delay in scaling up fuel treatment of $5.8 billion.

•  Circumstances in Which Benefits Roughly Equal Costs: The above estimates of the economic bur-
den from wildfires would have to be overestimated by three to five times, and the estimates of the 
cost treatment would have to be substantially underestimated, for the net benefit of fuel reduction 
to not be at least $1 billion annually.  



6

BACKGROUND

The annual area burned in California and the entire Western United States saw a precipitous decline 
from the 1800s to the 1980s,1-3 but has since been on an ascent.4-6 In addition to being exacerbated 
by climate change,7-10 fire impacts are being enhanced by more direct human influences.11,12 These 
include changes in where fires are ignited,13-15 increases in the number of structures in harm’s way,16 
and the long-term buildup of fuels,17-19 which is partially due to the legacy of ill-advised policies that 
suppressed natural fires and eliminated the cultural burning practices of Indigenous people.20-23

Fires are natural and inevitable,24 but proactive, intentional fuel reduction has the potential to reduce 
fire intensity and smoke emissions, decrease fire severity, increase ecosystem resilience and health, 
and make fires easier to contain.25,26 Thus, one of the primary proposed strategies for addressing 
increases in wildfire danger in California is a substantial expansion of intentional fuel removal, 
which includes mechanical thinning and prescribed burning in forests27,28 and prescribed burning 
and enhanced grazing29 in shrublands and grasslands.30

New research has helped quantify the potential for fuel reduction to be effective and the degree to 
which it can offset climate change impacts on wildfire intensity.31 This research uses an unprece-
dented combination of spatiotemporal resolution (0.5 km, hourly) and extent (48 million acres, nine 
years) to quantify the relationship between fuel characteristics and fire intensity via machine learn-
ing. It has found substantial potential for fuel reduction to be effective, adding to a large and growing 
body of literature reporting similar conclusions.32-45

However, scaling hazardous fuel reduction treatments to large areas in California will likely cost 
billions of dollars per year, and it is still unclear if the benefits are worth this cost. A recent compre-
hensive review suggested strong potential for net savings from fuel treatment, but highlighted the 
paucity of comprehensive, statewide assessments on the cost-effectiveness of fuel treatments in 
California.46 The review also noted that the existing literature often relies on purely simulated wild-
fires that have little or no empirical grounding.

Thus, there is a critical need for empirically based quantitative estimates of fuel reductions’ poten-
tial effectiveness for the state as a whole from a cost-benefit perspective. We address this need with 
the present report. 

Addressing this need requires estimating the costs of fuel reduction treatments, as well as the bene-
fits of avoided economic losses associated with those treatments. In our study, we took independent 
third party estimates of the economic burden from wildfires and used our estimates of the effective-
ness of fuel treatments at reducing fire intensity to calculate the effectiveness of fuel treatments in 
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reducing economic losses. We also calculated the optimal area to treat and the rate of treatment that 
maximizes the net benefit. We investigated benefits and costs both for this optimal amount of area 
treated and for California’s recently articulated goal of treating 1 million acres per year.47 

Economic Losses from Wildfires

We estimated the economic benefits of fuel treatments by calculating how fuel treatments reduced 
Fire Intensity Potential48 and associating that reduction with avoided economic losses. For this calcu-
lation, we required baseline estimates of the total economic losses associated with wildfires. 

Because they are easy to document, increasing suppression costs are often given as a fiscal reason 
for concern regarding increasing wildfire costs. However, assessments of the total economic burden 
from wildfires indicate that suppression costs constitute on the order of 1% of the total burden.49 
Even direct damages to structures (e.g., insured losses) tend to be a small fraction of the total costs,50 
with much more of the total emanating from the cost of health impacts from smoke inhalation, loss 
of natural capital, effects on property values, and broader economic disruption.51-58

Estimates of the total economic burden of wildfires in the United States tend to be in the hundreds 
of billions annually, constituting several percent of US GDP. For instance, annual US economic bur-
dens from wildfires were estimated at $406 billion for 2014,59 $490 billion for 2007,60 between $87 bil-
lion and $424 billion for 2016,61 and between $394 billion and $893 billion per year over recent years62 
(all converted to 2022 dollars).

When the scope is restricted to the state of California, the economic burden for 2018 was estimated 
to be $148 billion.63 An independent estimate for 2017 to 2021 placed annual economic losses at $117 
billion,64 constituting several percent of California’s GDP. Also, since the California Department of 
Forestry and Fire Protection’s suppression expenditure is now in the billions annually, and state-level 
suppression costs are estimated to represent as little as 1% of the full community costs of wildfire,65 
these numbers would also imply a total economic burden from California wildfires in the hundreds 
of billions of dollars annually. 

These figures are roughly consistent with the aforementioned estimates for the US as a whole, given 
that California represents a significant portion of the US population exposed to wildfire impacts. 

These studies informed our choice of the baseline economic burden of wildfires. Given that the  
$148 billion figure was based on 2018, which included the extraordinarily devastating Camp Fire 
(which destroyed the town of Paradise), and that the $117 billion per year estimate also sampled  
2018 as well as the very destructive years of 2020 and 2021 (but not the milder years of 2022 and  
2023), we have good reason to believe that the typical annual losses will be below these estimates.  
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Thus, for our central estimate, we used a substantially lesser value of $75 billion per year. However, 
we tested the sensitivity of all our primary results for the extensive range of $5 billion per year to 
$150 billion per year (Figures 10, 11, and 12), noting that the lower end of this range is almost cer-
tainly an underestimate given that it is below the mean reported insured losses of recent years.66

Avoided Economic Losses from Intense Wildfires via Fuel Reductions

To estimate avoided economic losses from wildfires, we used estimates of avoided Fire Intensity 
Potential via fuel reduction treatments described in Brown et al.’s study.67 Fire Intensity Potential is 
based on satellite-observed Fire Radiative Power, which quantifies a fire’s radiant energy release rate 
and is associated with the fire’s size and fireline intensity (i.e., power per unit length of the firefront). 
It thus serves as a proxy for fire intensity68 and biomass combustion rates69 and a more indirect 
proxy for emissions of smoke and particulate matter,70-72 fire spread rates,73 and overall fire severity 
and impacts.74,75 Fire Intensity Potential is a useful metric in our context because the aim of fuel  
management practices is not to eliminate fires but to reduce their intensity, spread rates (thereby 
making them easier to contain), and overall impacts when they do occur.

We estimated that the reduction in California statewide economic losses from wildfires is propor-
tional to the reduction in California statewide Fire Intensity Potential achieved through fuel treat-
ments. This can be justified by considering the established relationships between Fire Radiative 
Power and characteristics of wildfires that contribute strongly to economic impact (e.g., smoke  
production, difficulty in containment, spread rates, and ecosystem impacts). 

Figure 1 shows the distribution of Fire Intensity Potential throughout the state of California and the 
effects of universal fuel reduction and climate warming on it. The bottom row shows the avoided 
Fire Intensity Potential from universal fuel treatments conducted both today (first column) and in 
2050 (second column).76 
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Figure 1: Mean Fire Intensity Potential (FIP) across all weather snapshots described in Brown et al77 and effect 
of fuel reductions and warming associated with SSP2-4.5 emissions scenario. a) Mean FIP map in the current 
climate. b) Mean FIP map with 2050 warmth in the SSP2-4.5 scenario. d and e) Same as a and b but in  
the universal fuel reduction scenario. The 3rd row is the 2nd row minus the first row, and the 3rd column is the 
2nd column minus the first column. 
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To estimate the spatial distribution of avoided economic losses from wildfires, we took the baseline 
$75 billion annual burden and allocated it across the state’s 48 million acres of fire-prone area  
(all colored regions in Figure 1). We distributed this statewide economic burden proportionately 
according to local Fire Intensity Potential (Figure 2). This calculation resulted in local estimates of 
economic loss per acre per year, which sum to the state’s overall burden of $75 billion per year.  
These numbers represent a long-term average (expected value) of each acre’s contribution to the 
overall burden, much of which would not take place in any given year (since wildfires do not occur  
at any specific location in most years) and would be experienced non-locally (e.g., via remote impacts 
from smoke).

Overall, each acre in the state’s fire-prone regions contributes, on average, $1,561 per year to the  
economic burden of wildfires. These contributions are quite unequal, with some acres along the 
north coast contributing in the $10s per acre per year and some acres in the western foothills of the 
Sierra Nevada contributing over $10,000 per acre per year (Figure 2). 

Panels g and h in Figure 2 show the average avoided economic losses from universal fuel treatment, 
which would average $663 per acre per year in today’s climate and $766 per acre per year in 2050 
under an SSP2-4.5 emissions scenario. These avoided losses are also unequally distributed in space, 
with some locations showing no benefit from fuel treatment and others showing many thousands 
of dollars per acre per year in benefits from fuel treatment. 
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from Warming

Figure 2: Same as Figure 1 but with estimates of local contribution (expected value over a long period  
of time) to total statewide economic burden of wildfires (baseline of $75 billion annually). Much of the local 
contribution to the economic burden would be experienced non-locally (e.g., via remote impacts from smoke).
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Distributing the economic burden proportional to local Fire Intensity Potential, while speculative,  
is supported by the observation that most of the economic impacts of wildfires are calculated to  
be non-local (remote smoke impacts, effect on overall insurance rates, indirect reverberations 
throughout the economy, etc.). Thus, the local intensity of wildfires matters for overall economic 
impact, even if a fire does not directly threaten densely populated areas.

It is also plausible that avoided economic losses could exceed the decrease in Fire Intensity Potential. 
One reason for this is the fundamental dynamics of wildfires as a self-perpetuating chain reaction. 
The likelihood of containing wildfires early can prevent escalation of a fire and thus significantly 
mitigate its final size and total economic impact. Reduced Fire Intensity Potential can increase  
the likelihood of early containment, which would then have an outsized effect on the fire’s total  
economic impact. Similarly, Fire Intensity Potential does not quantify the likelihood of ignition,  
but the extent to which lower Fire Intensity potential would result in a lower likelihood of ignition 
would then translate into an outsized reduction in economic losses, as there are zero economic 
losses from fires that are not ignited. Overall, these dynamics mean that it is quite plausible that 
reduced economic damage would be proportionally larger than reduced Fire Intensity Potential; 
thus, setting them as proportional constitutes a conservative assumption in our analysis. 
Nevertheless, we show results for a wide range of baseline economic losses, which is equivalent to 
holding economic losses constant, and investigating results for a wide range of proportionality  
factors between changes in Fire Intensity Potential and changes in economic losses. 

Costs of Fuel Treatments

The costs of fuel reduction itself will depend on the technique,78,79 the landscape,80,81 proximity to 
resources,82 potential revenue from wood products,83,84 and less direct factors including agency man-
agement, project size, treatment goals, accessibility, permitting, and litigation. As a result, reported 
costs for mechanical thinning and prescribed burning vary widely, but a commonly cited figure  
for overall fuel reduction is $1,000 per acre, based on averages reported by the US Forest Service.85  
A recent meta-analysis reported a range of $306.75 to $1,736.51 per acre for mechanized whole-tree 
forest thinning.86 

In another study, the California Wildfire and Forest Resilience Taskforce sponsored a survey of 
multiple land managers in the US Forest Service and the California Department of Forestry and Fire 
Protection (CalFire) to compile estimates of treatment costs as a function of vegetation (land surface) 
type and treatment method.87 These estimates are shown in Table 1. 
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Table 1: Treatment cost estimates from Andreozzi et al.88 for different land surface types and treatment  
techniques. Estimates are from a consultation with CalFire and the US Forest Service. All costs are per acre.

Land Surface  
Type / Range Mastication

Thinning Piling Lop and 
scatter Pileburn

Manual Mechanical Manual Mechanical

CalFire

Herbaceous / Shrubland  $1,813.00  $1,851.00 —  — —  —   $3,125.00

Woodland  $1,198.00  $2,683.00  $2,807.00  — —   $1,217.00 — 

Grassland / Brush  $1,669.00  $2,534.00  $2,500.00  $2,551.00  $1,521.00  $1,263.00  $2,303.00

Forest  $1,788.00  $1,461.00  $957.00  $1,071.00  $640.00  $1,616.00  $810.00

Mean  $1,617.00  $2,132.25  $2,088.00  $1,811.00  $1,080.50  $1,365.33  $2,079.33

USFS

Low  $800.00  $450.00  $945.00  $400.00  $800.00 —   $250.00

High  $1,700.00  $950.00  $1,800.00  $1,200.00  $1,200.00 —   $450.00

Mean  $1,250.00  $700.00  $1,372.50  $800.00  $1,000.00 —   $350.00

For our central cost estimates, we sought numbers that can represent the average across a variety of 
circumstances. For this purpose, we averaged the manual and mechanical thinning estimates for 
the four landscapes reported by CalFire. We then added prescribed fire cost estimates on top of this, 
assuming that both thinning and prescribed fire are conducted during treatments. For grasslands, 
we assumed that no thinning is done and only prescribed fire is necessary. For simplicity, we chose 
not to consider potential revenue from wood products as an offsetting factor on the costs of fuel 
reduction in forests. Our resulting mean cost of treatment is over $2,000 per acre (Table 2), more than 
double the $1,000 per acre average reported by the US Forest Service hedging our results in the con-
servative direction.89

Table 2: Treatment costs and treatment frequency used as central estimates of our study. Thinning values are 
simple averages of CalFire’s estimates for manual and mechanical thinning in Table 1. Sensitivity rates of the 
study’s main results are shown for a range of 30% to 230% of these central estimates (Figures 10, 11, and 12).

Land Surface Type Thinning per acre Rx Fire per acre Thinning + Rx Fire 
per acre Frequency (years) Cost per acre  

per year

Herbaceous / Shrubland  $1,851.00  $600.00  $2,451.00 3  $817.00

Woodland  $2,745.00  $600.00  $3,345.00 4  $836.25

Grassland / Brush —   $600.00  $600.00 1  $600.00

Forest  $1,209.00  $600.00  $1,809.00 5  $361.80

Mean  $1,451.25   $600.00  $2,051.25  3.25  $653.76

 

us / Shrubla
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For the purpose of our calculation, we required annualized cost, which incorporate both a cost per 
acre of treatment and a lifetime of treatment. Treatments will be longer lasting in, for example, for-
ests than in grasslands because grass regrows much more quickly than surface vegetation in forests. 
Fuel reduction should be effective in forests for at least six years,90 but still has substantial impact 
after 10 years91 and could last for 20 years.92 In shrublands, the effect should last at least five years.93 
In grasslands, prescribed fire would likely need to be conducted annually. For our baseline calcula-
tion, we used retreatment frequencies of once every five years for forests, four years for woodlands, 
three years for shrublands, and one year for grasslands. 

Overall, our cost estimates can be considered conservative (i.e., hedged in the expensive direction). 
This, along with the economic burden hedged in the low direction, means that our primary reported 
results on net benefits are likely to be conservative. Regardless, the sensitivities of our primary 
results are reported for all mean costs between 30% and 230% of the central per acre estimates 
(Figures 10, 11, and 12). 

The frequency of treatment needed and the associated costs per acre per year are combined in Figure 
3, which shows the cost per acre per year as a function of the land surface type. Under the stated 
assumptions, the state average treatment cost would be $717 per acre per year across California’s 
fire-sensitive regions.

This calculation assumes all land within each 2km by 2km pixel is treated, but studies have shown 
that much of the wildfire mitigation benefits of fuel reduction can be achieved by treating only a 
strategic portion of the land,94-101 which indicates that the desired effect could be achieved by treat-
ing less land and thus incurring less cost.
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Mean Treatment Cost per Acre per Year = $717

Figure 3: Estimates of local treatment costs per acre per year. Costs were derived from estimates of costs per 
acre divided by estimates of necessary retreatment intervals (Table 2).

Net Benefit of Fuel Treatments

With the estimates of the benefits of avoided economic losses from intense wildfires (Figure 4, panels 
a and b) and the costs of treatment (Figure 4, panels c and d), we were able to calculate the net bene-
fits (benefit-cost) of statewide fuel treatments (Figure 4, panels e and f) for both the current climate 
and a future warmer climate. 

The net benefit (benefit-cost) maps (Figure 4, panels e and f) show where the benefits of treatment 
exceed their costs (green), justifying them from a society-wide economic perspective, and where 
they do not (red). The areas where benefits exceed costs most dramatically are in the western Sierra 
Nevada foothills near the transition between forests and shrublands because this is where fuel treat-
ment is calculated to have the largest leverage on Fire Intensity Potential.102
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the entire state were treated. 
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The maps in Figure 4, panels e and f raise the question of how much area the state should treat if  
its goal is to maximize the net benefit of those treatments. 

By rank-ordering locations based on net benefits per acre, the nonlinear nature of the effect of  
treatment on different locations is evident (Figure 5, panel a). The most effective locations yield net 
benefits of $10,000 per acre per year, but the drop-off is steep. The relative influence of the benefit 
versus the cost side of the ledger can be seen in Figure 5, panel b, showing that the reason for the 
drop-off in net benefits as more area is treated is primarily a drop-off in benefits rather than an 
increase in costs. 

The optimal area that should be undergoing fuel reduction (and rate of fuel reduction in acres per 
year) occurs when marginal benefits equal marginal costs (vertical black line in Figure 5, panels  
a and b; this is also the area of positive values in Figure 4, panel e). This area is roughly 15 million  
acres (out of 48 million acres in our analysis). Our area-weighted mean treatment frequency is 
approximately four years, which indicates that the rate of treatment that maximizes the net benefit  
is roughly 3.9 million acres per year or 8.3% of our domain. 

The articulated goal for the state of California is to scale up fuel reduction treatments to 1 million 
acres per year (vertical yellow line in Figure 5, panels a and b),103 which is equivalent to roughly  
4 million acres under perpetual treatment (at a mean four-year return interval). This is about a  
quarter of the 15 million acres under perpetual treatment that would maximize the net benefit.

Figure 6 shows the local contribution to the total economic burden from wildfires under the two  
fuel reduction scenarios (the articulated 1 million acres per year goal and the optimal 3.9 million 
acres per year scenario). The blue area in Figure 6, panels e and f is the area that would undergo fuel 
reduction in the optimal 3.9 million acres per year scenario but not under the articulated goal of  
1 million acres per year. 
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Bene�t – Cost as a Function of Area Treated
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Figure 7 expresses these findings in terms of locations that should be included in a given fuel  
reduction plan as a function of the total amount of area designated to undergo fuel reduction 
(assuming fuel reduction is prioritized to maximize net economic benefit and considering no other 
factors). The darkest red areas should be included in a 1 million acres per year plan, while the lighter 
red, orange, yellow areas should be included in a 3.9 million acres per year plan. Maps like this can 
serve as a useful point of comparison for tracking where real world fuel reduction projects are taking 
place to monitor if they are occurring at roughly the locations where they will yield the highest  
net benefits.
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Figure 7: Locations that should be included in an X million acres per year fuel reduction plan (where X is the  
displayed variable) if locations are prioritized based on net economic benefit of fuel reduction. 
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Figure 8 (which also appeared as Figure ES-1) summarizes these findings. Under the articulated goal 
of fuel reduction on 1 million acres per year, the total statewide costs would amount to $3 billion 
annually, with anticipated benefits of $10.9 billion annually, for a net benefit of $7.9 billion annually 
and benefit-to-cost ratio of 3.7-to-1. 

If the net benefit were maximized and 3.9 million acres were treated per year, total fuel reduction 
costs would increase to $10.5 billion annually, but benefits would increase to $22.2 billion annually, 
resulting in a net benefit of $11.6 billion annually and a benefit-to-cost ratio of 2.1-to-1 (Figure 8). 
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Figure 8: Costs and benefits of fuel reduction in California at the articulated goal rate of 1 million acres per year  
and the rate that maximizes the net benefit, which is 3.9 million acres per year. a) Annual costs and benefits for  
each treatment rate. b) Annual net benefit for each treatment rate. c) Ratio of annual benefits to annual costs for each  
treatment rate. d) Cost of each year of delay in scaling up fuel treatments to their final condition. The error bars  
represent the 25th to 75th percentile confidence intervals of the values according to the joint sensitivity tests shown in 
Figure 10 and Figure 12.
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Cost of Delay in Scaling Up Fuel Reductions

We also calculated the loss associated with a delay in scaling up fuel treatments to their final con-
dition while simultaneously considering the exacerbation of wildfire danger from climate change. 
This calculation is informative in the current context where issues associated with permitting proce-
dures have been identified as causing multi-year delays in conducting fuel reduction projects.104

Figure 9 demonstrates the calculation of the cost of delay results shown in Figure 8, panel d.  
The baseline economic impact of wildfires in our analysis is $75 billion annually and is projected 
to increase by 14% to $86 billion annually by 2050 under SSP2-4.5 due to warmer conditions (orange 
line in Figure 9, panel a). If the 1 million acres per year treatment plan was fully scaled up, the  
economic burden of wildfires today would be $64 billion annually; in 2050, it would be $73 billion 
annually. Under a fully scaled-up reduction plan of 3.9 million acres per year, the burden today 
would be $53 billion annually; in 2050, it would be $60 billion annually. The annual costs of each 
level of treatment (Figure 9, panel b) can be added to the economic burdens to get a net economic 
burden of each situation that includes the cost of treatment (Figure 9, panel c). 

This can then be expressed as the difference from the no-treatment scenario (Figure 9, panel d), 
which can be interpreted as the cost of not performing fuel reduction or, equivalently, the foregone 
benefit of not being in the final treatment condition. From here, we calculated the forgone benefit  
as a function of the time it takes to reach the final condition, which can be expressed as the cost of 
each year of delay in reaching the final state. 

Each year of delay in reaching the articulated goal of 1 million acres per year would incur an addi-
tional economic burden of $4 billion, and each year of delay in reaching the optimal 3.9 million 
acres per year scenario would incur an additional economic burden of $5.8 billion. (The cost of delay 
is larger for the 3.9 million acres per year scenario than the 1 million acres per year scenario because 
there are more benefits on the table in the 3.9 million acres per year scenario.) These figures under-
score the importance of timely action in wildfire mitigation strategies.
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Confidence Ranges for Primary Results

The costs, benefits, and costs of delay in reaching the final condition calculations all have confi-
dence ranges based on a range of possible values used as input parameters. The primary drivers of 
those ranges are a) uncertainty in the baseline economic burden from wildfires, b) uncertainty in the 
proportionality between changes in Fire Intensity Potential and changes in the economic burden 
from wildfires, and c) uncertainty in the costs of treatment. 

We explicitly show the primary results as a function of wide ranges in uncertainties a) and c) that 
should certainly encompass their true values (Figures 10, 11, and 12). These ranges are $5 billion to 
$150 billion per year for economic burden and 30% to 230% of the baseline values for cost of treat-
ment (Table 2, holding the treatment frequency constant). This calculation effectively results in a 
range of $800 to $6,000 of treatment cost per acre. 

We also note that testing the results as a function of the range in uncertainty a) is equivalent to 
testing the results’ sensitivity to the proportionality between changes in Fire Intensity Potential and 
changes in economic burden from wildfires (uncertainty b). For example, comparing an economic 
burden of $75 billion per year to $20 billion per year is equivalent to holding the economic burden at 
$75 billion per year and testing the sensitivity of the results to ∆(Economic Burden)∆(Fire Intensity 
Potential)=($20 billion per year)/($75 billion per year)=0.27.

Ten numbers are expressed as bars in Figure 8. Figures 10 and 12 show the range of these numbers as 
a function of ranges in uncertainties a) and c). 

For the 1 million acres per year fuel reduction plan, the net benefit ranges can be as high as $21 
billion per year if the economic burden is high and the cost of treatment is low. The black line in 
Figure 10, panel c shows overall net benefit from overall net cost and indicates that, for the 1 mil-
lion acres per year plan to have a negative benefit-cost ratio, the costs of treatment would need to be 
over approximately $3,000 per acre (about triple US Forest Service estimates), and the net economic 
burden would need to be below $20 billion per year (less than 20% of its assessed value in two recent 
analyses105,106). 

For the optimal area-treated scenario (the area of which adjusts with the ranges of the other param-
eters), the net benefit ranges can be as high as $55 billion per year if the economic burden is high 
and the cost of treatment is low. The red line in Figure 12, panel c delineates $1 billion in net benefit 
and indicates that, for treatment to confer below $1 billion in net benefit, the costs would need to be 
over approximately $3,000 per acre (about triple US Forest Service estimates), and the net economic 
burden would need to be below $30 billion per year (less than 30% of its assessed value in two recent 
analyses107,108).
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Figure 10: Confidence ranges as function of both costs of treatment and economic burden of wildfires for  
five primary results associated with the 1 million acres per year goal shown in Figure 8. The joint 25th to  
75th percentiles of the values shown here inform the error bars in Figure 8. Dashed lines represent the central 
input parameters.
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Figure 11 shows the endogenously calculated fuel reduction treatment rates as a function of the 
uncertainty ranges in the costs of treatment and the economic burden of wildfires. When costs of 
treatment are low and the economic burden from wildfires is high, these calculations suggest fuel 
reductions on over 10 million acres per year are optimal, which would put approximately 40 million 
acres (out of 48 million acres in our domain) under perpetual fuel treatment (Figure 5). The black 
line shows the 1 million acres per year contour, which indicates that the state’s articulated goal 
would be sufficient to maximize net benefit only under relatively high costs of treatments and low 
economic burdens from wildfires.
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Figure 12: Confidence ranges as a function of both costs of treatment and economic burden of wildfires for 
five primary results associated with optimal acres per year scenario (calculated endogenously, Figure 11).  
The joint 25th to 75th percentiles of the values shown here inform the error bars in Figure 8. Dashed lines 
represent the central input parameters.
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CONCLUSION

Overall, this analysis indicates that the economic benefits of fuel reduction treatments are likely to 
be far larger than their costs. Under our central input parameters, the state of California’s articulated 
goal of reducing fuels on 1 million acres per year would cost $3 billion annually but would confer a 
benefit of $10.9 billion annually for a net benefit of $7.9 billion annually.

We also found that the optimal rate of fuel reduction in California—the rate that maximizes the net 
annual economic benefit—is approximately 3.9 million acres per year, or 3.9 times the state’s articu-
lated goal. At this rate of fuel reduction, the annual cost would be $10.5 billion, but it would confer a 
benefit of $22.2 billion annually and a net benefit of $11.6 billion annually.

Our analysis demonstrates that inaction is costly. The cost of each year of delay in scaling up fuel 
treatment to 1 million acres per year is calculated to be $4 billion, and the cost of each year of delay 
in scaling up fuel treatment to 3.9 million acres per year would be $5.8 billion (Figure 8).

We also investigated the confidence intervals around these results as a function of a wide range of 
assumptions on the economic burden of wildfires as well as the costs of fuel reduction. We found 
that the net benefit of scaling up fuel reductions may be many 10s of billions of dollars annually 
and that the only way for the 1 million acres per year scenario to not confer large net benefits would 
be if the third party estimates of the economic burden from wildfires were overestimated by a factor 
of several and the third party estimates of the cost of treatment were underestimated by a substan-
tial margin. 

Thus, these results demonstrate a clear economic justification for the rapid scale-up of fuel reduc-
tion efforts in California to at least the state’s articulated goal of 1 million acres per year, with greater 
economic benefits likely to be achieved with larger rates of fuel reduction. 
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