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Wildfires have been increasing in intensity and destructiveness 
in recent years. While other efforts have examined the costs of 
wildfires in different categories, this report is the first to draw on 

recent empirical research to estimate wildfires’ economic impacts within the 
State of California and is the first to provide a comprehensive estimate of their 
fiscal impact on the State’s General Fund. This work assesses the net economic, 
fiscal, and environmental impacts of wildfires in the State of California over 
the period 2017-2021. The total economic value of wildfires’ costs in the state 
includes labor market disruptions, property damage, and losses of life. Over the 
2017 – 2021 period, we estimate that average annual losses totaled over $117.4 
billion. Of this amount, an estimated $5.0 billion annually was incurred as a fiscal 
loss by the State of California attributable to reduced tax revenues and increased 
wildfire response costs. 

Our analysis of wildfires’ environmental impacts also considers wildfires’ 
contribution to annual greenhouse gas (GHG) emissions. We find that  
the GHGs released during a typical wildfire season imposes a net cost of  
$1.2 billion. Table 1, below, summarizes these estimates.

Executive Sum
m

ary
Annual Losses Due to Wildfire Cost (in millions)1

Total economic loss in California $117,423

State fiscal loss (subset of total economic loss) $5,035

Climate impact (global) $1,168

Table 1 – Summary of annual wildfire-related costs in California: 2017 – 2021 average

As with any first-time effort, there may be ways to improve, refine, or clarify 
aspects of our analysis, as well as the opportunity to expand this methodology  
to other states and regions. The team welcomes input and commentary on  
the report, which can be directed to Genevieve Biggs, Program Director,  
Wildfire Resilience Initiative at the Gordon and Betty Moore Foundation  
(email: Genny.Biggs@moore.org)

mailto:Genny.Biggs%40moore.org?subject=Re%3A%20Wildfire%20Resilience%20Initiative
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ORGANIZATION OF ANALYSIS AND METHODOLOGY 

While growing wildfire severity in recent years has generated greater interest in studying their 
impacts, few researchers have attempted to fully quantify the costs of wildfires within the 
state.2 Though various data sources may establish some of the types of losses attributable 

to wildfires, there is currently no systematic accounting of wildfires’ annual impacts, and no consensus 
methodology for determining these incidents’ more indirect economic and health effects.3 This analysis 
combines available research and data on the costs of wildfires to produce a comprehensive analysis of 
the overall economic, fiscal, and climate effects of wildfires in California. 

The analysis of wildfire costs in this report first considers the economic value of all wildfire-related 
impacts felt by Californians. Within this broad category are both “direct” losses (those primarily 
attributable to wildfire’s flames) and “indirect” losses (those primarily attributable to wildfires’ smoke 
pollution). Within each of these loss categories, we estimate the share of the total loss that is incurred 
by the State as a fiscal impact. Separately, given the state’s GHG emissions reduction targets, we also 
estimate the net increase in atmospheric GHGs attributable to California’s wildfires, estimating the 
monetary value of these increased emissions using the State’s estimate of the “social cost of carbon” 
(measured in dollars per ton).4 
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TOTAL HEALTH, ECONOMIC, AND FISCAL IMPACTS OF 
WILDFIRES IN CALIFORNIA

This analysis identifies all wildfire impacts, categorizing the results as either “direct” or “indirect” 
losses. “Direct losses” cover the immediate impacts of wildfires, including property losses, fire 
suppression expenditures, debris clean-up costs, and the monetized value of the lives lost to 

wildfires, including both civilians and firefighters. Within this category, spending on fire suppression and 
debris clean-up as well as the value of state property damaged by fires comprise the fiscal impacts on 
the State of California.

“Indirect losses” include all other adverse economic and health impacts of wildfires, almost exclusively 
attributable to the health impacts triggered by the fires’ smoke plumes. This category includes the 
monetized value of all premature deaths and other (non-fatal) health impacts resulting from smoke 
exposure, and the estimated loss of economic output attributable to smoke pollution. These indirect 
losses also lead to fiscal costs, as the state collects less tax revenue and incurs higher health care costs in 
paying for the care of the state’s Medi-Cal enrollees who suffer adverse health impacts.5

For all types of losses, our annual estimates are based on data collected from the five-year period 2017 
– 2021. As shown below in Figure 1, however, wildfire intensity – though variable from year to year – has 
generally increased over time, and researchers expect this trend will continue as the state grows hotter 
and drier because of climate change.6

Figure 1 – Acres Burned Annually in California (2007 – 2021)
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ESTIMATION OF DIRECT LOSSES

Estimation of the average annual direct losses from wildfires in California is based on state budget 
data and CalFIRE’s “Red Books,” which provide a range of wildfire metrics, including property losses 
and fatalities, on an annual basis.7 

Property Losses 
Most of the direct property losses from wildfires are borne by the state’s residents and private entities. 
Over the period 2017 – 2021, CalFIRE estimated average annual “dollar damages”8 of roughly $9.9 
billion annually (after adjusting dollar amounts reported for inflation). This amount includes all property 
destroyed or damaged during fires over this period, regardless of ownership.9 

Fatalities 
In addition to these capital losses, wildfires over the 2017 – 2021 period resulted in nearly 36 direct 
fatalities annually (2.4 firefighters and 33.4 civilians per year). In monetary terms, utilizing the federal 
Environmental Protection Agency’s (EPA) “value of a statistical life” (VSL)—roughly $10.8 million in 2022 
dollars10—direct wildfire fatalities impose an additional $386 million in losses annually.
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Response and Clean-up Costs
Finally, as detailed further in the section Estimation of Fiscal Impacts, below, while the federal 
government reimburses roughly 75% of state and local spending on disaster response, the State has 
still incurred at least $1.13 billion in “emergency” wildfire response and debris clean-up costs annually 
over the past five fiscal years. This amount excludes “baseline” departmental spending for wildfire 
suppression and monitoring and only includes variable costs that directly rise and fall based on the 
intensity of wildfire activity in a given year. Including federal response and debris clean-up costs, total 
estimated losses in this category are roughly $4.5 billion annually.

Summary of Direct Losses
Table 2, below, summarizes all direct losses from wildfire. In total, over the 2017 – 2021 period,11 
California suffered average direct losses of $11.4 billion annually due to wildfires. 

Table 2 – Summary of direct losses from wildfires (2017 – 2021 average) (mil $)

Loss Category Average Annual Losses

Property losses (destroyed and damaged structures) $9,910 

Wildfire casualties (civilians and firefighters) $386 

State response costs (fire suppression; debris clean-up) $1,130 

Total Direct Losses $11,426 

Sources: CalFIRE; State of California Budget Details (FY 2017-18 – FY 2021-22).
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ESTIMATION OF INDIRECT LOSSES

Despite the severity of wildfires’ flames direct harms to life and property, fires’ smoke plumes 
impose health and economic impacts that, while “indirect,” are higher still. Wildfire smoke may 
drift far from the burned area, cover much broader and more densely populated territories, 

and trigger health impacts that linger long after the fire itself has been extinguished.12 Reducing the 
frequency or severity of California’s wildfires would reduce the extent of these losses.13 

Because smoke exposure is the primary determinant of indirect economic losses, the economic 
estimates in this section rely on previous research into the impacts fine particulate matter (“PM2.5”) 
generally—and wildfire-sourced PM2.5 in particular—on health and employment. Estimating the 
monetary value of these harms within California over the relevant period requires applying the findings 
from this research to estimated levels of smoke exposure across the state. 

Economic disruptions from PM2.5 Emissions
As discussed in the section “Premature Mortality from PM2.5 Emissions,” below, researchers have long 
been aware of the effects of PM2.5 emissions on health outcomes. Only recently, however, have studies 
begun to directly estimate the impacts of wildfire smoke and other pollutants on regional economies, as 
measured by changes in regional economic output or income levels. As with wildfire fatalities, studies 
have shown that the direct economic impact of wildfires, as discussed above, constitutes only a small 
share of the total economic impact. 

Indirect economic impacts exceed direct impacts for two reasons. First, while property loss estimates 
reflect the cost of rebuilding the damaged structure, they exclude the value of any economic output 
lost between the property’s destruction and its rehabilitation. For example, if a business’ facility is 
destroyed, or its workers are forced to evacuate, its output cannot return to pre-wildfire levels until the 
workers return or the building is repaired. The reduction in this business’ activity creates upstream and 
downstream economic effects, as the business’ suppliers temporarily lose a customer, and the business’ 
customers temporarily lose a vendor.14 More significant than any business disruptions resulting from 
property damage, however, is the impact of smoke pollution on workers’ health.
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Previous Research on the Economic Impact of Smoke Exposure 
The most relevant study on the impact of wildfire smoke on the labor force is Borgschulte et al.,15 which 
assessed the relationship between variations in county-level income and “smoke day” data from the 
National Oceanic and Atmospheric Administration (NOAA)16 to estimate the impact of wildfire-sourced 
PM2.5 emissions on the labor market. On average, for every additional smoke day, quarterly income in 
the county dropped 0.97%. Nationally, because Americans were exposed to an average 20.2 smoke days 
per year over the 2007 – 2019 period, the researchers concluded that wildfire smoke reduced total U.S. 
income by roughly 2%. 

The magnitude of Borgschulte et al.’s finding aligns with previous studies of pollution’s impact on labor 
market outcomes. The authors note that, under their model, an increase in average quarterly PM2.5 
concentrations of 1 µg/m3 (roughly a 10% increase above baseline levels17) is associated with a 1.81% 
reduction in quarterly earnings, for an “implied elasticity” of -0.18 (i.e., the 1.81% reduction in earnings 
divided by the 10% increase in PM2.5 concentrations). This finding is well within the range of elasticity 
findings of previous studies.18

Other recent studies not included in Borgschulte, et al.’s literature review come to similar conclusions. 
Wang et al. relied on a novel “Multi-Regional Disaster Footprint” (MRDF) model to estimate the economic 
fallout in California over the 2018 wildfire season.19 The researchers conclude that statewide economic 
output fell by $42.7 billion—an estimate only $1.4 billion lower than the estimate we derive from the 
smoke day-based findings from Borgschulte et al. (see Table 4, below).20

Jones and McDermott (2021),21 which assessed only the local effects of “large” wildfires (i.e., those 
burning more than 100,000 acres) in the United States, found that in the three years immediately 
following these incidents, incomes in fire-impacted counties declined roughly 2.1% in the first year after; 
1.0% in the second; and 0.4% in the third. Thus, despite the short-run stimulative effects of the state 
and federal spending on suppression and clean-up, wildfires are found to nevertheless reduce net local 
income. 

Finally, evidence of the impacts of PM2.5 on labor market outcomes in other countries continues to show 
similar labor market elasticities.22

Applying Borgschulte, et al. to California Smoke Day Data
Because the analysis in Borgschulte et al. concerned the entire United States and examined only the 
years 2007 – 2019, our estimate of the average annual loss of income in California required a separate 
analysis of California-specific NOAA smoke day data over the more recent 2017 – 2021 period. In short, 
our analysis matches NOAA’s geospatial smoke day data to California’s Census Block Groups (CBG), 
following the methodology first used by Vargo (2020),23 to determine the total population in California 
that was exposed to smoke on each day over the 2017 – 2021 period. This methodology differs slightly 
from the approach taken by Borgschulte et al., which used entire counties—and not the smaller CBGs—
as the relevant population unit. Therefore, to ensure parity between our smoke day measurements and 
those of Borgschulte et al., we further analyzed national smoke day data over the 2007 – 2019 period, 
and found that under our approach, the annual average was 23.7 smoke days per year, or 2.5 days per 
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year higher than the Borgschulte et al. finding. Therefore, for purposes of employing Borgschulte et al.’s 
findings to estimate income loss in California over the 2017 – 2021 period, we have accordingly adjusted 
our estimates of smoke days for each year in the period.24

Table 3 – Estimation of Annual Smoke Days in California (2017 – 2021)

  2017 2018 2019 2020 2021 5-Year 
Average

Initial Estimated Smoke Days 
(Vargo methodology) (mil)

1,292 1,516 507 2,715 2,746 1,755

Adjusted Smoke Days 
(Borgschulte et al. 
methodology) (mil)

1,101 1,292 432 2,314 2,340 1,496

Total California Population 
(mil)

39.33 39.48 39.53 39.54 39.37 39.45

Average Smoke Days per 
Californian

28.0 32.7 10.9 58.5 59.4 37.9

Sources: Borgschulte, et al.; NOAA.

As shown in Table 3, average smoke days per Californian is calculated by dividing the total number of 
smoke days experienced over a given period by the total state population; over 2017 – 2021, the average 
Californian experienced 37.9 smoke days per year. As a result, total wage and salary income statewide is 
estimated to have declined by 3.7% (i.e., a 0.097% decline in income per annual smoke day multiplied by 
37.9 smoke days per year) as a result of wildfire smoke. Applying this percentage reduction to the $1.634 
trillion of total wage and salary income earned statewide in 2022, it is estimated that this level of smoke 
exposure resulted in income losses of roughly $60 billion.

Table 4 – Estimation of Statewide Income Losses from Wildfires in California (2017 – 2021)

  2017 2018 2019 2020 2021 5-Year 
Average

Smoke days 28.0 32.7 10.9 58.5 59.4 37.9

Percentage 
Reduction in 
wage and salary 
income

-2.7% -3.2% -1.1% -5.7% -5.8% -3.7%

 Total wages and salary income (statewide, mil $, 2022) $1,634,244 

 Net reduction in wages and salary income (statewide, mil $, 2022) ($60,119)

Sources: Borgschulte, et al.; NOAA; California Dept. of Finance (2022).
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Premature Mortality from PM2.5 Emissions
In addition to its disruption of labor markets, we also consider the monetary value of the health 
impacts of increased air pollutant levels. Estimates of this impact rely on studies employing the EPA’s 
“Environmental Benefits Mapping and Analysis Program” (“BenMAP”).25 In short, BenMAP software takes 
as inputs the user’s selection of pollutant type, the marginal increase in emissions above a pollutant’s 
baseline atmospheric concentration, and the geographic spread of this emissions increase to derive 
an estimate of excess deaths and other (non-fatality) health costs. The magnitude of the health impact 
relative to a user-provided marginal increase in emissions is based on a broad survey of academic studies 
assessing these relationships.26

Because the primary pollutant from wildfire smoke is PM2.5, use of BenMAP to estimate premature 
smoke-related fatalities and other health impacts from wildfire smoke requires first estimating the 
increase in PM2.5 concentrations attributable to wildfires. The most recent study to undertake this 
analysis, Wang, et al., which relied on ground-level PM2.5 monitoring data and satellite imagery to 
estimate levels of wildfire-derived PM2.5, found that in 2018 aggregate PM2.5 emissions across all fires 
that year resulted in 3,652 smoke-related deaths statewide. Using the EPA’s estimate of the VSL and 
inflating to 2022 dollars, we estimate that in 2018, the total mortality cost of wildfires given the findings 
of Wang et al. was $39.3 billion.27
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While Wang et al. is the only recent study to employ BenMAP to estimate California-specific wildfire 
mortality impacts, the scale of its mortality finding is well-supported by other analyses of wildfire smoke 
across the entire United States.28 In fact, recent research suggests that the use of BenMAP to estimate 
wildfire smoke-related mortality may in fact understate the actual costs of wildfire smoke. Whereas 
BenMAP assumes that all PM2.5 emissions, regardless of their source, triggers the same health impacts, 
some recent studies have determined that PM2.5 from wildfires may be more harmful than PM2.5 from 
other sources.29 

Using the Wang et al. statewide fatality estimate for 2018, we rely on NOAA smoke data to separately 
estimate fatalities for 2017 and for the 2019 – 2021 period, given a constant relationship between smoke 
days and excess mortality.30 (For example, since NOAA data shows that there were 79% more smoke 
days across California in 2020 than in 2018, we estimate that the fatality cost in 2020 exceeds 2018’s 
estimated fatality cost by 79%.) 

Under this analysis, we estimate an annual average fatality cost over the entire period of $45.6 billion 
(see Table 5). 
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Table 5 – Estimation of Mortality and Health Costs (2017 – 2021) 

  2017 
(est.)

2018 
(Wang)

2019 
(est.)

2020 
(est.)

2021 
(est.)

5-Year 
Average

Smoke days (mil) 28.0 32.7 10.9 58.5 59.4 37.9

Mortality costs  
(mil $)

$33,663 $39,345 $13,146 $70,349 $71,459 $45,593 

Other health costs $211 $247 $82 $441 $448 $286 

Total $33,874 $39,592 $13,229 $70,791 $71,908 $45,879 
Source: Wang et al. (2020); NOAA.

Non-fatality Health Impacts
Smoke exposure from wildfires also contributes to a range of non-fatal adverse health impacts, primarily 
cardiovascular and respiratory illnesses such as asthma. These health costs may also be modeled with 
BenMAP, which generates an expected increase in hospital admissions for a given increase in PM2.5 
emissions from wildfire smoke.31 As with the mortality cost estimate above, our analysis relies on Wang 
et al.’s estimate of California-specific health costs of $210 million in 2018 dollars ($247 million in 2022 
dollars) and a constant relationship between smoke days and health costs to derive health cost estimates 
for 2017 and 2019 – 2021. Over the entire five-year period, we estimate an average annual health cost of 
$286 million. 

Summary of Indirect Losses
Table 6, below, summarizes all indirect losses from wildfire. In total, over the 2017 – 2021 period, in 
addition to the $11.4 billion of direct losses estimated above (see Table 2), California further suffered an 
estimated $106 billion of indirect economic losses annually due to wildfires. 

Table 6 – Summary of Indirect Losses from Wildfires (2017 – 2021 average) (mil $)

Loss Category Average Annual Losses

Indirect Economic Impacts (smoke exposure impact on  
labor market)

$60,119 

Mortality Costs (deaths from smoke exposure) $45,593 

Health Costs (hospital admissions from smoke exposure) $286 

Total Indirect Losses $105,997 
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ESTIMATION OF FISCAL IMPACTS

While the most significant impacts of wildfires are those experienced by Californians generally, 
these incidents also impose a fiscal drag on the state through lower income tax receipts. In 
addition, the state must replace damaged state property and facilities, pay wildfire fighting 

costs, and cover increased health care costs for the state’s Medi-Cal population.32 

Lost Tax Revenue
From a fiscal perspective, by far the largest impact of wildfires is the loss in wage and salary income, 
estimated above, since this income would have generated personal income tax revenue for the state. 
This lost income would have been subject to an estimated marginal personal income tax rate of 6.0%, 
on average, across all affected households.33 Thus, given an estimated annual loss of $60.1 billion of 
income statewide over the 2017 – 2021 period, the state has likely lost an average of at least $3.6 billion 
in income tax revenue annually due to wildfires.

Increased CalFIRE “E-Fund” Expenditures 
The growing intensity of the state’s wildfires has been accompanied by large increases in state spending 
on fire suppression. Total funding for CalFire (across all agency programs) rose from less than $1 billion in 
the 2006-2007 fiscal year to nearly $3.9 billion in FY 2021-2022.34 Most of this growth is attributable to 
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the agency’s base fire protection budget and to the agency’s Emergency Fund (“E-Fund”), which covers 
expenditures made suppressing fires that have not been extinguished within 24 hours.

Table 7 shows total CalFIRE spending across its various programs. Over the five-year period spanning 
FY 2017-2018 to FY 2021-2022, E-Fund expenditures (net of federal reimbursement) averaged roughly 
$739 million annually (in 2022 dollars).

Table 7 – CalFIRE expenditures by program (FY 2017-18 – FY 2021-22) (mil $)

CalFIRE Program FY 2017-18 FY 2018-19 FY 
2019-20

FY 
2020-21 FY 2021-22 5-Year 

Average

Fire Control $743 $901 $988 $982 $1,061 $935 

E-Fund $1,079 $687 $507 $539 $886 $739 

Other Fire 
Protection

$1,082 $893 $895 $828 $1,059 $951 

Resource 
Management

$125 $328 $314 $418 $893 $416 

Total CalFIRE $3,029 $2,809 $2,704 $2,767 $3,899 $3,042 

Source: State of California Budget Detail (FY 2017-18 – FY 2021-22).

For purposes of this analysis, we have conservatively assumed that annual fluctuations in the frequency 
or intensity of the state’s wildfires would not immediately result in changes in CalFIRE’s base fire 
protection budget. Similarly, expenditures on fire prevention or mitigation, such as prescribed burns, are 
assumed to hold constant in the near term regardless of annual fluctuations in fire severity. Unlike base 
fire protection and other CalFIRE programs, however, our estimate treats E-Fund spending as variable, 
such that a 10% increase in wildfire activity, for example, would increase E-Fund expenditures 10%.

Increased CalOES Clean-up Costs
In addition to fire suppression costs, the state also funds debris clean-up and rehabilitation. These costs 
are also a function of the wildfire damage suffered each year. While CalOES’ budgets generally do not 
separate wildfire-related expenditures from those responding to other emergencies, their FY 2019-2020 
budget provides an overview of expenditures incurred following 2018’s Camp and Carr Fires, which 
triggered total clean-up costs (net of federal reimbursement) of $923 million that year, or $1.07 billion in 
2022 dollars.

Given the relationship between property damage and necessary debris clean-up and remediation 
activities, our estimates of total CalOES clean-up costs for 2017 and the 2019 – 2021 period relies on 
CalFIRE’s “dollar damages” reporting (see Property losses, above). As shown in Table 8, estimated debris 
clean-up costs for these years are based on the ratio of 2018 dollar damages to 2018 clean-up costs (for 
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example, since 2017 property losses are 41% below property losses in 2018, clean-up costs in 2017 are an 
estimated 41% below 2018 clean-up costs). 

Over the 2017 – 2021 period, we estimate that CalOES incurred roughly $390 million annually in 
remediation costs in wildfires’ aftermaths.

Table 8 – Estimation of CalOES clean-up costs (2017 – 2021) (mil $)

  2017 (est) 2018 
(actual) 2019 (est) 2020 (est) 2021 (est) 5-Year Avg.

Property 
losses

$16,540 $27,134 $582 $4,855 $439 $9,910 

CalOES 
clean-up 

$652 $1,069 $23 $191 $17 $390 

Source: State of California Budget Detail (FY 2017-18 – FY 2021-22).

Increased Medi-Cal Costs
To the extent that increases in smoke exposure from wildfires trigger health conditions requiring 
hospital care, the state also incurs costs attributable to the treatment of Medi-Cal enrollees. Estimation 
of wildfires’ impact on the state’s spending on Medi-Cal requires determining total annual health care 
spending attributable to wildfires; the share of this total spending attributable to the state’s Medi-Cal 
enrollees; and finally, the state’s share of total Medi-Cal spending. 

Total wildfire-related health care spending: As discussed above (see Table 5), we adopt Wang et al.’s 
finding of total wildfire-related health care spending in 2018 ($247 million in 2022 dollars) and utilize 
this finding along with NOAA smoke day data to estimate spending levels in other years (2017 and 2019 
– 2021). On average, over this period, we estimate annual total wildfire-related health care spending of 
$286 million.

Medi-Cal share of total wildfire-related health care spending: As of January 2022, the Medi-Cal program 
covered 37% of the state’s population,35 though the most recent statewide hospital admissions data 
shows that enrollees accounted for 35.2% of all hospital admissions in 2021.36 We therefore estimate 
that 35.2% of wildfire-related health costs, or $101 million annually over the 2017 – 2021 period, are 
attributable to Medi-Cal enrollees.

State’s share of Medi-Cal costs: While the federal government covers most of the total spending on 
the state’s Medi-Cal enrollees, 21% was covered by the state’s General Fund in FY 2021-22, in line with 
previous years (remaining funding comes from other state and local sources).37 As shown in Table 9, 
below, given this state General Fund share, the estimated state-level spending on Medi-Cal attributable 
to wildfire smoke was an estimated $21 million annually over the 2017 – 2021 period.
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Table 9 – Estimation of state’s share of increased Medi-Cal spending due to wildfires (2017 – 2021) (mil $)

  2017 2018 2019 2020 2021 5-Year Avg.

Total health 
spending

$211 $247 $82 $441 $448 $286 

Medi-Cal share $74 $87 $29 $155 $158 $101 

State share of 
Medi-Cal

$15 $18 $6 $32 $33 $21 

Sources: Authors’ analysis of data from Wang et al.; Dept. of Health Care Access and Information (HCAI); Dept. of Health Care 
Services (DHCS).

Estimating the State’s Share of Property Losses
In addition to reduced tax revenues and higher health care costs, the state also incurs direct property 
losses due to wildfires. To estimate the amount of state property damaged by wildfires, we rely on 
CalFIRE’s “California Land Ownership” database, which shows that the state owns 2.8% of all land 
statewide.38 Applying this estimated ownership share to the total property loss amounts reported by 
CalFIRE over the 2017 – 2021 period (see Table 2, above), we estimate that the state incurs roughly $277 
million in property losses due to wildfires each year.

Table 10 – Estimation of state’s share of property losses (2017 – 2021) (mil $)

  2017 2018 2019 2020 2021 5-Year Avg.

Property losses $16,540 $27,134 $582 $4,855 $439 $9,910 

State share $463 $760 $16 $136 $12 $277 

Summary of Fiscal Impacts
Table 11, below, summarizes all fiscal impacts assessed. In total, over the 2017 – 2021 period, the State of 
California incurred an estimated $5.0 billion of losses annually due to wildfires. 

Table 11 – Summary of fiscal impacts of wildfires (mil $) (FY 2017-18 – FY 2021-22 average)

Fiscal Impact Category Amount (mil $)

Increases in state expenditures  

CalFIRE – increases in E-Fund spending (net of federal reimbursement) $739 

CalOES – increases in clean-up spending (net of federal reimbursement) $390 

Property losses - state’s share of capital stock damaged by fires $277 

Medi-Cal – state’s share of costs of hospitalizations $21 

Reductions in state revenue  

Reduction in personal income tax revenue $3,607 

Total Indirect Losses $5,035 
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CLIMATE IMPACTS

In addition to their short-run impacts on the state’s economy and budget, wildfires also release large 
amounts of greenhouse gases. The California Air Resources Board (CARB) estimates that over the 2017 
– 2021 period, wildfires were one of the more significant emissions sources statewide, responsible for 

the release of 53.4 million metric tons (MMT) of CO2 per year.39 By comparison, the entire transportation 
sector in 2020 emitted roughly 140 MMT of CO2.40 Recent trends in California wildfire activity suggest 
that in future years, wildfires may account for an even higher share of total statewide emissions. 
For example, the 53.4 MMT of average emissions over the 2017 – 2021 period far exceeded average 
emissions over the 2012 – 2016 period (14.6 MMT), the 2007 – 2011 period (15.4 MMT), and the 2002 – 
2006 period (11.0 MMT). 

The net impact of GHGs released by wildfires, however, is not as easily calculated as it is for 
transportation or industrial emissions, which derive from the combustion of fossil fuels that would have 
otherwise been permanently sequestered below ground. Wildfires’ destruction of forests and their 
subsequent regrowth, on the other hand, are a natural part of California’s ecosystems. In the long run, 
so long as a wildfire does not permanently alter the types of vegetation that are able to regrow in the 
impacted area, subsequent vegetation regrowth will eventually sequester the same amount of CO2 as 
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was emitted during the wildfire. As a result, while CARB’s most recent Scoping Plan42 accounts for net 
emissions from wildfires in assessing the feasibility of reaching statewide carbon neutrality by various 
dates, officials caution that “fossil fuel emissions and biomass carbon emissions should be evaluated 
separately and not be compared to each other.”43

Estimating wildfires’ impact on atmospheric CO2 levels therefore requires specifying the time scale 
under consideration and determining likely rates of vegetation regrowth following the average large 
fire. Recent research suggests that regrowth patterns are highly variable across wildfires. Even under the 
most optimal regrowth circumstances, research into reforestation practices establishes that it may take 
decades for new forests to reach full carbon sequestration capacity; some tree species continue to grow 
for over 100 years.44

Many wildfires, however, result in delayed reforestation, with smaller vegetation types, such as shrubs 
and grass, dominating the region in the years (or decades) following the wildfire.45 Climate change has 
exacerbated this challenge, as recent studies have shown that in drier regions, regrowth of the extant 
forest will not be possible following a future wildfire.46

In line with the Scoping Plan, which assesses various paths to achieving statewide carbon neutrality by 
2045, our estimate utilizes a 20-year time horizon for purposes of measuring the net carbon emissions 
impact of an average year of wildfire. In other words, the net carbon emissions estimate is based on the 
expected amount of CO2 released during the wildfire, offset by the expected re-sequestration of CO2 in 
the acreage burned twenty years into the future.

As shown in Table 12, below, to estimate regrowth at 20 years, we rely on CARB’s estimate of average 
CO2 emissions per burnt acre over 2017 – 2021 (23.1 tons) along with a separate analysis of typical 
CO2 sequestration levels across a variety of plant species in the western US (i.e., shrubland, at 11.0 tons 
per acre, and forestland, at 36.3 tons per acre).47 This latter study further estimates that 55% of all 
forested acres experience delayed reforestation, such that even twenty years post-wildfire, shrubs will 
predominate. As summarized in the table:

•	 For 52% of total acreage burned in wildfire, shrubs and smaller vegetation predominated prior to the 
fire. For these acres, twenty years post-fire, all the CO2 emitted has been re-sequestered.

•	 For the 48% of land area that is forested:

- Shrubs have replaced the forest on just over half of all acres at twenty years post-fire, resulting in a 
net CO2 loss of roughly 25.3 tons per acre (i.e., 36.3 tons of sequestered carbon pre-fire less the 11.0 
tons sequestered post-fire). 

- For the remaining forested acreage, which benefited from immediate reforestation, younger trees 
are estimated to sequester half as much carbon (18.2 tons per acre) as the forest had sequestered 
pre-wildfire. Thus, on average, across all acres with forest cover prior to the wildfire, the average net 
loss of CO2 per acre after twenty years is roughly 20 tons per acre.

•	 Given the above findings, across all acres (including both shrubland and forest), the weighted average 
loss of CO2 at twenty years is roughly 10.5 tons per acre. 
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Table 12 – Carbon emissions estimate over 20-year time horizon

Vegetation Type Acreage 
Share

Pre-Fire CO2 
Stock Year 20 – Post-Fire Net Loss of CO2  

(Tons per Acre)
(Tons per Acre) (Tons per Acre)

Shrubland 52.4% 11.0        11.0  0

Forest 47.6% 36.3        14.2        22.1 

Delayed 
Reforestation

55% 
(of forest)

 36.3        11.0        25.3 

Immediate 
Reforestation

 45% 
(of forest)

36.3        18.2        18.2 

Wildland Average   23.1        12.5        10.5 

Source: CARB (2021); Spatial Informatics Group (2017).

Given an estimated increase in emissions of 10.5 tons per acre, total CO2 annual emissions due to 
wildfires are roughly 22.45 million tons (given that over the 2017 – 2021 period, wildfires burned an 
average of 2.14 million acres annually). Given CARB’s most recent estimate of the social cost of carbon 
(roughly $52 per ton47), we estimate that on average, California’s wildfires impose $1.17 billion in global 
costs annually. 
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BENEFITS OF FURTHER INVESTMENT IN WILDFIRE 
DETECTION AND RESPONSE

The extent of these economic, fiscal and environmental costs likely justifies further public and 
philanthropic investment in preventing, detecting, monitoring, and suppressing wildfire ignitions. 

The state and various local governments have responded with a range of new measures, including 
expanded fire protection budgets, which allow increased hiring and purchases of additional suppression 
equipment. In addition, firefighting agencies have expanded the practice of prescribed burning, which 
reduces wildland fuel loads and mitigates the risk of severe wildfire damage. 

Emerging technologies can also help officials more quickly detect ignitions and manage wildfire 
response strategies.48 The roll-out of wildfire cameras across the state has significantly increased the 
share of the state’s wildlands that are under surveillance, with benefits for both detection speed and 
monitoring.49 CalFIRE has also in recent years begun experimenting with the use of unmanned aerial 
vehicles (“UAVs” or “drones”) to more precisely locate detected ignitions and monitor fires’ spread.50 
Finally, some entities have begun experimenting with the use of constellations of low-earth orbit (LEO) 
satellites, which together can provide complete and continuous aerial coverage of wildlands at higher 
resolutions than previously possible, further helping officials detect and monitor new ignitions.51

Few studies have attempted to quantify the effectiveness of investments in new technologies or 
additional personnel.52 Still, research consistently shows that reductions in response times (i.e., the 
duration between initial detection and the arrival of the first suppression crew) are associated with 
reduced fire severity and a lower likelihood of fires escaping initial attack, thereby reducing acres burned, 
smoke days, and other fire-related impacts. Specifically, available research suggests that if response 
times were reduced by 15 minutes, the frequency of large uncontained fires could be reduced between 
three and seven percent.53 In other words, a hypothetical investment that helped California fire officials 
achieve a 15-minute reduction in average response times could be expected to generate $3.5 - $8.2 
billion in economic benefits and $150 - $350 million in fiscal benefits (i.e., 3 – 7% of the estimated $117 
billion in economic costs and $5 billion in fiscal costs). 

Rendering of a low-earth orbit satellite system optimized for wildfire detection and tracking, courtesy of 
Environmental Defense Fund.
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CONCLUSION
Despite the large and increasingly destructive potential of wildfires, no previous research has attempted 
to produce a comprehensive analysis of the economic, fiscal, and GHG-related impacts of wildfires in 
California. This study combines available data and research and produces an estimate of the annual 
impacts of wildfires on the state. 

As shown in Table 13, annual economic losses due to wildfires in California over the 2012-2021 period 
totaled $117.4 billion. During this same period, the State of California of California experienced fiscal 
losses of more than $5.0 billion annually. 

Our analysis of environmental impacts also considers wildfires’ contribution to GHG emissions. We find 
that wildfires result in increased GHG emissions of 10.5 tons per acre, with total CO2 annual emissions 
due to wildfires of 22.5 million tons. During a typical wildfire season these GHG emissions impose a net 
cost of $1.2 billion.

Table 13: Average annual impact of wildfires on California (2017 – 2021) (mil $)

Economic Loss Category Economic 
Loss State Fiscal Component Fiscal 

Loss

Direct Losses ($11,426) Direct Losses ($1,407)

Property losses (destroyed 
structures)

($9,910) State property losses
($277)

Fire casualties (civilians and 
firefighters)

($386) N/A
N/A

Total suppression, clean-up 
costs

($1,130) State suppression, clean-up costs
($1,130)

Indirect Losses ($105,997) Indirect Losses ($3,628)

Increased deaths from smoke 
exposure

($45,593) N/A
N/A

Medical costs from smoke 
exposure

($286) State share of Medi-Cal expenditures
($21)

Total loss of income ($60,119) State loss of income tax revenue ($3,607)

TOTAL (Direct + Indirect) ($117,423) TOTAL (Direct + Indirect) ($5,035)

Conclusion
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ment of Australian forest and grass fires,” Journal of Environmental Management (2018). Biddle et al. finds that a one-hour reduction 
in response time would reduce the frequency of large fires by 16%. Plucinksi finds that a one-hour increase in response time leads to a 
29% increase in the probability that a given ignition burns more than 20 hectares. Arienti et al. finds that a delay in the average response 
time from 15 minutes to 65 minutes results in the likelihood of a “response failure” increasing 25%. Collins et al. finds that an increase in 
response time from 15 minutes to 75 minutes increases the probability of a “containment failure” from 48% to 55%.  

https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://www.fs.usda.gov/rm/pubs_journals/2019/rmrs_2019_korb_j001.pdf
https://bof.fire.ca.gov/media/10078/full-14-c-stephensc-et-al-land-ownership-impacts-post-wildfire-forest-regeneration-in-sierra-nevada.pdf
https://bof.fire.ca.gov/media/10078/full-14-c-stephensc-et-al-land-ownership-impacts-post-wildfire-forest-regeneration-in-sierra-nevada.pdf
https://climateforward.org/wp-content/uploads/2022/07/Buchholz-et-al.-2019--Quantifying-occurrence-and-carbon-emissions-from-d.pdf
https://climateforward.org/wp-content/uploads/2022/07/Buchholz-et-al.-2019--Quantifying-occurrence-and-carbon-emissions-from-d.pdf
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