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1. HFTDs	are	High	Fire-Threat	Districts,	or	areas	identified	by	the	CPUC	at	highest	risk	of	catastrophic	utility	wildfire

2. Red	Flag	Warnings	(RFW)	are	the	highest	fire-threat	indicator	available.	They	incorporate	elements	of	humidity,	soil	moisture,	wind,	precipitation,	
and	lightning.	More	detail	is	available	in	the	Appendix	Methodology	Section	11.1

The Bottom Line  
1. Over the past three years, utility ignitions declined or flattened in High 

Fire-Threat Districts (HFTDs)1 and in fire season, the times and places the 
majority of WMPs have been focused. 

• The data is limited, however increased WMP spending and resources 
dedicated to HFTDs and fire season  may be linked to this reduction in 
utility ignitions and wildfires.

2. Growth in adverse, extreme weather may be driving increased utility 
ignitions. More extreme weather may be driving ignition growth across 
California. The area affected by Red Flag Warnings (RFWs)2 has grown by 6% 
since 2009 and accelerated to over 20% since 2015. 

• Winter/early season has experienced the strongest growth in both adverse 
weather (5%-10%+ growth in Red Flag Warning days since 2009) and 
ignitions (approximately 10% CAGR since 2015). 

• This evidence points to a potential lengthening of traditional fire season 
and accompanying challenges.

3. Utilities now face an increasingly complex wildfire problem. 

• High fire risk exists in more geographies and over a longer time frame 
(more months out of the year) than ever before in California. 

• Despite 10%+ annual ignition growth in winter/early season and in non-
HFTDs impacted by severe adverse weather, less than 30%-40% of WMP 
spend and WMP inspections are allocated to these areas. Increased 
wildfire stakeholder focus on these growing threats is likely required.
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1. Executive Summary

…there must be a  careful consideration of both 
utility and external factors to truly understand the 
wildfire problem. 

1.1	Background

Wildfires have always been a natural part of the California 
environment, however, the influence of climate change and 
the growing number of large, human-caused wildfires has 
elevated the importance of this issue in recent years. The 

intense heatwaves and wildfires in parts of Europe, Africa, 
and Asia in June and July of this year brought this issue to 
the global stage3. In California specifically, utilities have 
frequently found themselves in the headlines for their 
disproportionate contribution to the wildfire problem. 
Since 2015, power lines have caused six of California’s 20 
most destructive wildfires4. The Camp Fire alone generated 
more than 80 fatalities and $30 billion in potential 
liabilities for PG&E5. 

3. Byrd,	Deborah.	“Heatwaves	and	Fires	in	Europe,	Africa,	and	Asia.”	EarthSky,	16	July	2022,	https://earthsky.org/earth/heatwaves-and-fires-in-europe-
africa-and-asia/. 

4. “Electrical	System	Safety.”	Report 2021-117,	State	Auditor	of	California,	24	Mar.	2022,	https://www.auditor.ca.gov/reports/2021117/index.
html#section2.

5. “Investigators	Determine	Cause	of	Camp	Fire.”	Fire.gov,	CalFire,	15	May	2019,	https://www.fire.ca.gov/media/5121/campfire_cause.pdf

https://earthsky.org/earth/heatwaves-and-fires-in-europe-africa-and-asia/
https://earthsky.org/earth/heatwaves-and-fires-in-europe-africa-and-asia/
https://www.auditor.ca.gov/reports/2021117/index.html#section2
https://www.auditor.ca.gov/reports/2021117/index.html#section2
https://www.fire.ca.gov/media/5121/campfire_cause.pdf
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In response to growing utility wildfire risk, the state 
implemented utility wildfire prevention regulation in late 
2019. Despite this, the prevailing narrative around utility 
generated wildfires remains negative and focused on the 
fact that utilities have not made measurable progress. We 
believe there must be a careful consideration of both utility 
and external factors to truly understand the utility wildfire 
problem. In this analysis we begin by grounding the 
discussion in data and then evaluate current progress and 
potential roadblocks to utility wildfire mitigation.

1.2	Key	Findings

1. Overall, utility ignitions have increased 1% to 3% 
since 2015; however, there are sub-trends by utility, 
cause, and season that suggests a more nuanced 
narrative.

• Utilities contribute differently to ignition totals 
and growth: PG&E represents about 40% to 45% of 
ignitions even when normalized for size6; while SCE 
represents about 60% of the growth in ignitions since 
2015. 

• Ignitions show an expansion of fire season: Early 
season and winter ignitions are driving ignition growth 
(approximately 10% CAGR since 2015); fire season 
ignitions are roughly flat.

2. Specific utilities may be more likely to experience 
frequent ignitions or large fires due to the unique 
risks posed by their service area. In addition to 
increased mitigation efforts to reduce such risk, 
we may need different ignition baselines by utility 
to better understand risk and wildfire mitigation 
effectiveness.

• About 40% of ignitions occur in rural, partially developed 
areas, and forested land generates 20% or so of ignitions 
(most of any undeveloped land) and over 50% of 
estimated acres burned. 

• More than 50% of PG&E land is forested/herbaceous, 
and its large, dispersed infrastructure may make 
maintenance and fire response more difficult. Therefore, 
PG&E is and will continue to be generally at higher risk 
given the U.S. Department of Agriculture’s projections 
showing that an annual increase of 1°C is expected to 
increase the median burned area by up to 600% in some 
types of forests.

3. Weather may be driving ignition growth, 
particularly in winter/early season. Stakeholders 
may consider targeting weather-affected areas 
with mitigation efforts and tracking metrics that 
normalize for weather to better understand its 
contribution to wildfire outcomes.

• Increased extreme weather over time: Area 
affected by Red Flag Warnings has grown approximately 
5% annually since 2009, and 20%+ since 2015, and 
according to CA’s fourth climate assessment, is 
predicted to worsen with a 9°F increase in average 
annual temperature by 2050.

• Expansion of fire season: The largest growth in area 
affected by RFW and the largest growth in ignitions 
occurred outside of traditional fire season ( June-
October).

 — Winter/early season experienced 5-10% growth in 
area impacted by Red Flag Warning (RFW) since 
2009 and about 10% growth in ignitions since 2015.

4. Due to weather, utilities face a more complex 
wildfire problem. Increased wildfire risk exists in 
more geographies and over a longer timeframe 
than before. Utility mitigation practices will need 
to evolve and be dynamic to a changing risk 
landscape.

• Winter/early season: Winter/early season 
ignitions are growing at 13% and 6% year over 
year respectively, and now represent 40% to 45% of 
ignitions, but less than 30% of wildfire inspections. 
Added spend, resources, and mitigation efforts, similar to 
during fire season, are needed to curb this increase.

• Non-HFTD “hotspots”: Less than 30% to 40% of spend 
is outside HFTDs, but certain non-HFTD “hotspots” 
disproportionately contribute to 5% to 8% growth in non-
HFTD ignitions, primarily due to extreme weather. Added 
focus on these geographies may be required.

6.	 Overhead	circuit	mileage	used	as	a	proxy	for	size	of	utility	infrastructure	exposed	to	wildfire	risk
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5. Despite the growing risk of wildfires, the evidence 
suggests WMPs are effective; HFTD and fire season 
ignitions decreased 0% to 3%, despite more than 
20% growth in the area under Red-Flag Warnings 
since 2015.

• Increased focus on HFTDs (representing about 60% to 
95% of wildfire mitigation plans (WMP) spend but only 
30% to 50% of circuit mileage) and fire season (around 
70% of inspections) appears to be having a positive 
impact on ignitions despite similarly extreme weather 
in these areas (5% to 15%+ year over year growth RFW 
area).

6. To facilitate communication and collaboration 
across the growing set of stakeholders and 
effectively combat the expanding wildfire threat, 
a “common language” of wildfire metrics may be 
required.

• Currently, metrics and their definitions are not 
standardized across the wildfire space.

• Standardization will give researchers a common 
language enabling better communication, wildfire 
prediction, and emergency response/prevention efforts.

• BCG recommends tracking three categories of metrics: 
risk, intensity, and consequence. We discuss our detailed 
recommendations in Section 8 and in Appendix Section 
11.1. 

1.3 Limitations and Next Steps

We worked to ensure our analysis was as comprehensive 
as possible, however, given this is an independent outside-
in analysis of the wildfire paradigm, there are still areas we 
were unable to explore due to lack of data. If additional 
data and resources were made available there are four 
primary areas we believe are worth exploring in more 
detail:

1. Additional ignition data: CPUC ignition data only 
goes as far back as 2014. Given our definition of “winter” 
begins from November of the year prior7, this limits us to 
2015 to 2021. A longer time horizon on ignitions would 
add more weight to our ignition findings.  

2. Utility Infrastructure: Private infrastructure data 
would enable a deeper understanding of the impact 
of utility equipment on ignitions, as well as a more 
complete understanding of risks associated with 
infrastructure and infrastructure dispersion.

3. Geo-specific WMP spend: Data on the location of 
WMP spend (beyond HFTDs) would establish a closer 
link between spend and reduced ignitions.

4. Fire resources: Fire mitigation activities external to 
utilities (such as prescribed burns) are a potential 
confounding variable in this analysis. Data on fire 
resources within each utility service area would allow us 
to account for any potential unexplained variations we 
observed in ignitions.

Limitations to this analysis and potential next steps are 
explored further in Section 9 – Conclusion. 

7.	 Winter	of	2015	begins	in	November	of	2014,	thus	2015	is	the	earliest	year	with	complete	data.	2014	was	also	perhaps	an	inappropriate	year	to	use	
as	a	base	year	because	it	was	a	large	outlier	by	many	ignitions	and	drivers’	indicators.	See	Methodology	11.2	for	more	detail	
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Human ignitions now account for 84% of all 
wildfires in the US, and 97% of all those that 
threaten homes.

2.1	History	of	Wildfires	in	California

Wildfires have long been a natural phenomenon in 
California. Even prior to widespread human settlement in 
the state (pre-1800), it’s estimated that as many as 3 
million acres burned annually due to naturally occurring 

wildfires8. Reliable fire records only date back to 1932, but 
since then, increased human activity may have resulted in 
both more frequent ignitions and more severe wildfires9. 
Human ignitions now account for 84% of all wildfires in the 
US, and 97% of all those that threaten homes10. Fire 
suppression tactics over the past century have increased 
fuel loads11, causing a fire deficit, and a growing number of 
people living in at-risk areas has intensified the 
consequences of a deadly wildfire12. Today, wildfires are one 
of the largest climate-related issues California faces.  

2.	California	Wildfire	Background

8. Kerlin,	Katherine	E.	“California’s	2020	Wildfire	Season.”	UC Davis,	4	May	2022

9.	 Ibid.

10. Purtill,	Corrine.	“California	Wildfires	Caused	by	Humans	Are	More	Dangerous	than	Fires	Sparked	by	Lightning.”	Los Angeles Times,	22	June	2022	

11. Boisrame,	Gabrielle	F.	S.,	et	al.	“Trends	in	Western	USA	Fire	Fuels	Using	Historical	Data	and	Modeling	-	Fire	Ecology.”	SpringerOpen,	Springer	
International	Publishing,	10	June	2022	

12. Radelofff,	Volker	C.	“Rapid	Growth	of	the	US	Wildland-Urban	Interface	Raises	Wildfire	...	-	PNAS.”	PNAS,	12	Mar.	2018,	https://www.pnas.org/
doi/10.1073/pnas.1718850115. 

https://www.pnas.org/doi/10.1073/pnas.1718850115
https://www.pnas.org/doi/10.1073/pnas.1718850115


6	 CALIFORNIA	WILDFIRES	–	THE	UTILITIES’	ROLE:	UNPACKING	THE	HEADLINES	

2.2	Climate	Change	Impact	

Researchers have taken many approaches to evaluating 
California’s growing wildfire problem, but increasingly 
agree that climate change is a key driver. Climate change 
impacts the spread of wildfires in a variety of ways. High 
wind, dry weather, and more frequent thunderstorms can 
generate ignitions. Higher temperatures and irregular 
precipitation patterns can result in drier conditions and 
reduced snowpack which make the terrain more 
susceptible to large fires.

The projected impact of climate change on California 
wildfires is substantial. Climate is expected to increase the 
number of extreme temperature days and acres burned, 
and put more infrastructure and people at risk. According 
to California’s Fourth Climate Change Assessment 
“business-as-usual” case13, we should expect a 9°F increase 
in average annual temperature by 2050, resulting in a 63% 
increase in acres burned over 1976 to 2005 baselines. The 
US Department of Agriculture’s projections show that an 
annual increase of 1°C is expected to increase median 
burned area by up to 600% in some types of forests14. 
According to FirstStreet Foundation, significant impact is 
also expected in human communities: the number of 
properties facing at least a 1% annual risk of wildfire is 
expected to increase sixfold to 600,000 by 205215. 

In many ways, we’re already beginning to see the impacts 
of a more extreme wildfire climate. 2020 was the worst fire 
year on record by many indicators. By early October 2020, 
California had surpassed its record for total acres burned 
(4 million) and had experienced both the largest fire 
(August Complex fire) and the largest single fire (Creek fire) 
in state history16. In June and July of this year, wildfires and 
intense heat became a global issue. Europe, Africa, and 
Asia experienced heatwaves that resulted in 45°C heat and 
hundreds of heat-related deaths, and saw wildfires sweep 
previously untouched Spain, Portugal, and France17. 
Unfortunately, in this report, we did not have access to 
data over a sufficient time horizon to draw conclusions 
about long-term changes in climate18. The conclusions 
drawn about weather as a key driver, however, will only be 
amplified as climate change creates increasingly more 
extreme weather conditions. In future efforts, we hope to 
include climate modeling as part of our wildfire analysis.

2.3	Utility-Related	Wildfires

Despite the changes in climate, the prevailing narrative 
around utility wildfires remains utility-centric, and 
generally negative. To be clear, utilities must still be held 
fully accountable for keeping Californians safe and this is 
no free pass for the damage that past utility wildfires have 
caused19. Since 2019, however, significant efforts have been 
made to help remediate the utility wildfire crisis. The State 
of California created the Office of Energy Infrastructure 
Safety (OEIS) to help implement and advise on wildfire 
safety practices at the utilities20. Wildfire mitigation plans 
(WMPs) have been implemented and nearly $10 billion is 
spent annually by utilities trying to reduce wildfire risk.      

In our paper, we hope to answer the obvious question: Has 
any of this actually worked? We plan to unpack the impact 
(if any) of the recently implemented WMPs, and dive into 
the effect that other external factors, such as weather, 
infrastructure, and terrain, may be having on ignitions. 
Before discussing these factors, however, we require a 
baseline understanding of ignitions trends themselves.

13. Bedford,	L.,	et	al.	Statewide	Summary	Report.	California’s	Fourth	Climate	Change	Assessment,	July	2019.

14. “Wildfires	and	Climate	Change.”	Center for Climate and Energy Solutions,	18	May	2022	

15. “California	Properties	at	Risk	of	Wildfire	Expected	to	See	Sixfold	Increase	in	30	Years.”	Los Angeles Times,	17	May	2022,	https://www.latimes.com/
california/story/2022-05-16/california-properties-at-risk-of-wildfire-expected-to-grow. 

16.	“Stats	and	Events.”	Cal Fire Department of Forestry and Fire Protection,	https://www.fire.ca.gov/stats-events/. 

17.	Abnett,	Kate.	“Explainer:	How	Climate	Change	Drives	Heatwaves	and	Wildfires.”	Thomson Reuters,	21	July	2022,	https://www.reuters.com/world/
europe/how-climate-change-drives-heatwaves-wildfires-2022-07-20/. 

18. Our	weather	data	was	accessed	from	NOAA	public	records	and	is	limited	to	2009-2022.	More	detail	in	appendix	section	11.2

19.	See	section	1.1	–	background	for	additional	detail	on	utility	impacts

20. “Wildfire	and	Wildfire	Safety.”	California Public Utilities Commission,	https://www.cpuc.ca.gov/industries-and-topics/wildfires. 

https://www.latimes.com/california/story/2022-05-16/california-properties-at-risk-of-wildfire-expected-to-grow
https://www.latimes.com/california/story/2022-05-16/california-properties-at-risk-of-wildfire-expected-to-grow
https://www.fire.ca.gov/stats-events/
https://www.reuters.com/world/europe/how-climate-change-drives-heatwaves-wildfires-2022-07-20/
https://www.reuters.com/world/europe/how-climate-change-drives-heatwaves-wildfires-2022-07-20/
https://www.cpuc.ca.gov/industries-and-topics/wildfires
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Utilities are often discussed in the aggregate when 
evaluating ignitions, however, this simplification 
can lead us to miss important nuances about how 
specific utilities contribute to the wildfire problem.

From 2015 to 2021 overall total utility ignitions 
increased 1% to 3% year over year, but there are three 
sub-trends by utility, cause, and season that suggests a 

richer, more nuanced story behind this aggregate trend:

1. Ignition baseline levels differ by utility: Certain 
utilities contribute disproportionately to total ignitions; 
there is a range in baseline ignition rates even when 
normalized for size.

2. Ignition growth differs by utility and cause: 
Certain utilities (for instance SCE) and  ignition causes, 
(equipment failure, vegetation contact) contribute more 
to recent ignition increases.

3. Expanded fire season year-round: Ignitions increased 
primarily in winter/early season,21 however, there was 
slow to no growth during the fire season.

3.	Current	State	of	Utility	Ignitions

21. Winter	season	defined	as	Nov-Mar,	early	season	April-May,	and	fire	season	June-Oct;	definition	of	seasons	made	based	on	observed	differences	in	
avg.	ignitions	over	the	2015-2021.	For	example,	April	showed	clear	2x	jump	from	March,	and	June	clear	1.5x	increase	from	May
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3.1	Ignition	Baseline	Levels	Differ	by	Utility

Utilities are often discussed in the aggregate when 
evaluating ignitions; however, this simplification can lead 
us to miss two important nuances about how specific 
utilities contribute to the wildfire problem. 

First, utilities contribute differently to ignition totals in 
California. Even when normalized for the size of its grid22, 
Pacific Gas & Electric (PG&E), the largest California utility, 
contributes 30% to 40% more ignitions per overhead circuit 
mile than peers. This difference in ignition rates appears to 
be largely due to increased levels of vegetation contact, 
which are nearly twice that of SCE or SDG&E (Figure 3.1a).

Next, not only are ignition levels different, but the size of 
fires typically produced also varies by utility. Historically, 
5% to 10% of PG&E ignitions have resulted in fires larger 
than ten acres, whereas for SCE & SDG&E that number 
drops to 0% to 3% (Appendix Exhibit 11.4a)23.

We believe baseline utility ignitions rates and fire sizes 
may be heavily influenced by the inherent risk associated 
with each utility service territory. As we explore in Section 
4, factors such as land type and the dispersion of utility 
infrastructure may require additional action from PG&E in 
its efforts to prevent and contain ignitions. We should 
consider using different ignition baselines for each utility, 
and/or dedicating more resources to high-risk service 
areas/sub-territories identified here.

22. Ignitions	are	normalized	for	size	of	grid	by	taking	absolute	ignitions	counts	and	dividing	by	the	number	of	overhead	circuit	miles.	Underground	
circuit	miles	are	ignored	because	they	rarely	if	ever	ignite.		

23. Analysis	based	on	historical	data.	Utility	fire	sizes	looking	forward	are	unpredictable	and	subject	to	many	factors

Figure	3.1a	-	Utility	ignitions	per	10k	OH	circuit	miles	by	cause

Source: CPUC	ignition	data	2015-2021,	BCG	analysis.
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3.2	Ignition	Growth	Differs	by	Utility	and	Cause

Much like contributions to total ignitions, individual utility 
contribution to growth in ignitions differs. While most 
utility ignition rates are roughly flat, SCE ignitions per 
10,000 overhead circuit miles have increased at an 8% 
CAGR since 2015 and have accelerated to 17% from 2018 
(Figure 3.1a). For SCE, equipment failure and object 
contact are the primary contributors to this increase: 
equipment failure rates alone are up threefold, and object 
contact has increased 50% from 2015.

Drivers such as more extreme weather as well as aging 
utility infrastructure may be driving the observed growth in 
ignitions. We discuss these drivers and potential ways for 
utilities to react dynamically to the risks, in more detail in 
Sections 5 and 6.  

Each utility varies both in amount of total mileage 
of transmission and distribution lines, and by the 
percent that is above ground and most vulnerable 
to ignition. The use of a normalization heuristic 
like 10,000 overhead miles allows us to more fairly 
direct-compare the three utilities.

3.3	Expanding	Fire	Season	but	Reduced	Fire	
Size

Anecdotally, many have noticed the lines between fire 
season and wet season in California are beginning to 
blur24. Historically, California wildfires were concentrated in 
the summer and early fall25 ( June-October); however our 
findings confirm that utilities are experiencing an 
expansion of traditional fire season into early winter and 
late spring (Figure 3.3b) which is driving the greatest rate 
of increase utility related ignitions.

Figure	3.3a	-	Reported	utility	ignitions	by	fire	size	tier	(2015-2021)

Note: charts	set	to	different	scales	for	visibility;	Source:	CPUC	ignition	data,	2015-2021;	National	Wildfire	Coordinating	Group	(NWCG)	fire	size	classi-
fication	system.

24. Cappucci,	Matthew.	“California’s	Wildfire	Season	Is	Expanding	as	the	Wet	Season	Becomes	Compressed.”	The Washington Post,	2	May	2021,	
https://www.washingtonpost.com/weather/2021/05/02/california-wildfire-season-growing/. 

25. See	Figure	3.3a	and	appendix	exhibit	11.4	in	accompanying	deck	for	utility	ignition	data	summarized	by	month
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https://www.washingtonpost.com/weather/2021/05/02/california-wildfire-season-growing/
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The increase in utility-related ignitions since 2015 has 
come primarily during the winter (November-March) and 
early season months (April-May), where ignitions have 
grown at 13% and 6%, respectively. Fire season ignitions, 
on the other hand, have been on a flatter trajectory since 
2015, growing at 4% year over year until 2020 and 
decreasing significantly in 2021. Reduced fire season 
ignitions suggest that there may have been effective 
mitigation efforts during fire season to control fires or 
prevent large fires. 

Fires over 100 acres are flat or down since 2015, and fires 
below 10 acres are almost entirely responsible for the 
recent ignition growth (Figure 3.3a). On the other hand, 
growing risk in winter/early season poses new challenges 
for utilities, and increased efforts in these months may be 
necessary to curb the growth. We explore these new 
challenges and utility fire mitigation effectiveness further 
in Sections 6 and 7. 

WMP actions may be contributing to a reduction 
in fire season ignitions in 2021 – shifting the 
trajectory from 4% annual ignition growth in fire 
season to a minute increase.

Figure	3.3b	-	Reported	utility	ignitions	(2015-2021)	by	season

WMP actions 
may be 

contributing to a 
reduction in �re 
season ignitions 

for 2021

Number of reported utility ignitions per 10k overhead circuit miles, 2015-2021
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78 60
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202020162015 2018

Monthly detail available in appendix Winter (Nov-Mar) Early (Apr-May) Traditional (Jun-Oct)
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Winter: +13%

Early: +6%

Traditional fire: 0%
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If we overlook inherent risk, utilities with exposure 
to high-risk land may be disadvantaged when 
evaluated, or under-resourced when addressing 
potential wildfire problems. 

Utilities cover vastly different areas of California; 
however, the unique geographic risks of each 
territory are not always reflected in the discussions 

about utility wildfire mitigation. We believe service area 
risk, or risk associated with each utility’s service territory, 
may heavily influence baseline ignition levels discussed in 
Section 3.1. As a result, certain utilities may be 
predisposed to frequent ignitions or large fires. Two key 
findings led us to this conclusion:

1. Certain high-risk land disproportionately generates 
frequent ignitions or large fires

• Ignition frequency: Rural, partially developed land 
generates about 30% of ignitions on less than 5% of 
California, and forested area/farmland generates about 
20% to 30% of ignitions (most of any “undeveloped” 
land).

• Fire size: Forested/herbaceous areas are responsible for 
approximately 60% of utility ignitions that lead to large 
to extra-large (100 to 5,000+ acre) fires and 50% to 60%+ 
estimated acres burned.

4.	Service	Area	Risk	
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2. Certain utilities have greater exposure to this high-
risk land

• Risk of ignition: PG&E has a lower share of developed 
land, but a higher share of forest/herbaceous land 
and farmland. They also maintain a larger and more 
dispersed grid than SCE and SDG&E, adding cost and 
difficulty to maintenance, which may lead to higher 
numbers of ignitions.

• Fire size: PG&E’s service area is more than 50% 
forested/herbaceous land, whereas SCE and SDG&E 
is 60% to 70% shrub/scrub. Given that forested areas 
serve as fuel, often providing needed accelerant to 
transform small fires into large ones, PG&E likely faces 
a higher risk of large fires or more frequent ignitions in 
undeveloped areas.

The findings above imply that certain utilities such as The 
findings above imply that certain utilities such as PG&E are 
initially at a disadvantage with regard to ignitions. We 
should consider these risks in the context of a) evaluating 
utilities based on different baselines and b) increasing or 
modifying mitigation efforts based on the service area risk 
utilities face. To reduce the disproportionate impact of 
higher ignitions and larger fires, utilities with a higher 
share of high-risk land should take additional and/or more 
frequent actions within these territories. Such actions 
should be included within the evaluation criteria for 
utilities with large portions of high-risk land types such as 
PG&E.

4.1	Certain	High-Risk	Land	Generates	Frequent	
Ignitions	or	Large	Fires	

Ignition	Frequency
California is a diverse state in terms of vegetation and 
topography. That said, utility ignitions are 
disproportionately generated on a small number of specific 
land types. Despite accounting for only 2% to 3% of 
California, rural, partially developed areas (similar in 
nature to the Wildland-Urban Interface) generate nearly 
30% of ignitions. Of “undeveloped” land types, rural forest/
herbaceous, and farmland have the highest propensity to 
ignite. This is likely due to the potentially high amount of 
utility infrastructure interspersed with vegetation. 
Therefore, we might expect that utilities with high exposure 
to rural, partially developed land, forested/herbaceous 
land, or farmland may have higher ignition baselines. In 
this case, more spending on vegetation management 
would be required to get to the same ignition outcomes, so 
we should approach cross-utility comparisons with caution.

Fire	Size
Much like the number of ignitions, large fires are also more 
likely to occur on specific land types (Figure 4.1a). Rural, 
forested/herbaceous land makes up about 35% of Califor- 
nia and some 15% of ignitions, but almost 60% of estimat- 
ed acres burned originate on that type of land. As a result, 
utilities with more forested/herbaceous, shrub, or rural, 
partially developed land may be at a high risk of large fires. 
Given the potential outsized consequence of these large 
fires, utilities with this land type composition may face the 
most acute wildfire risk of any. Reducing the risk of  

Figure	4.1a	-		Ignitions	by	origin	land	type	and	acres	burned	by	origin	land	type

Source: Reported	CPUC	ignitions,	NLCD	land	cover	database,	BCG	analysis.
1Acres	burned	using	mid-point	of	fire	size	range	given.	For	fires	<0.25	acres	mid-point	was	assumed	to	be	0.125	and	for	fires	>5000	acres	made	conser-
vative	assumption	that	only	burned	5000	acres.	All	acres	burned	are	attributed	to	the	land	type	at	origin.	This	under-estimates	the	number	of	acres	
burned	on	“undeveloped”	land	such	as	forest/herbaceous,	shrub,	farmland,	and	over-estimates	developed	acres	burned

Number of reported utility ignitions and estimated acres burned by land type at origin, 2015-2021

Ignitions by land type origin

Rural RuralSub-urban/Urban Sub-urban/
Urban
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ignitions within these higher risk areas is crucial in 
preventing major fires. To minimize the potential of large 
fires, utilities should increase their fire mitigation efforts, 
such as though increased inspections or installing 
underground lines, in rural, forested/ herbaceous land.

4.2	Utilities	Have	Different	Exposure	to	High-
Risk	Land

Utility service areas, largely due to the diverse geography 
and population of California, are highly variable in terms of 
land type. We believe that PG&E may be predisposed 
toward high-risk land types adversely influencing its 
ignition outcomes.  

Ignition	Frequency
PG&E, despite having comparable amounts of rural, 
partially developed land as peers, has a much larger share 
of forested/herbaceous areas and farmland (Figure 4.2a). 
These areas generate the greatest number of ignitions of 
any undeveloped land type26. Other utilities, despite having 
a large share of developed land, which contributes highly 
to ignition totals, are 60% to 70% shrub/scrub. This land 
type appears to be among the least likely to trigger an 
ignition (Figure 4.1a). 

Fire	Size
Much like the number of ignitions, large fires are also more 
likely to occur on specific land types (Figure 4.1a). Rural, 
forested/herbaceous land makes up about 35% of Califor- 
nia and some 15% of ignitions, but almost 60% of estimat- 
ed acres burned originate on that type of land. As a result, 
utilities with more forested/herbaceous, shrub, or rural, 
partially developed land may be at a high risk of large fires. 
Given the potential outsized consequence of these large 
fires, utilities with this land type composition may face the 
most acute wildfire risk of any. Reducing the risk of 
ignitions within these higher risk areas is crucial in 
preventing major fires. To minimize the potential of large 
fires, utilities should increase their fire mitigation efforts, 
such as though increased inspections or installing 
underground lines, in rural, forested/ herbaceous land.

Important to note, firefighting agencies can also 
impact fire size. Firefighting techniques may result 
in larger fires when individual safety and property 
are not a concern. Prioritizing fire mitigation 
efforts that take into account individual safety and 
property should be considered.  

Figure	4.2a	-	Map	of	land	type	by	utility	service	area	type

Source: Reported	CPUC	utility	ignitions	2015-2021,	CPUC	infrastructure	data,	NLCD	database,	BCG	Gamma	Web	App.

Utility service area land cover

PGE
Heavily forested /

herbaceous & farmland

SCE
Majority shrub / scrub;
some developed areas

SDGE
Considerably 

more developed

26.	Undeveloped	land	types	exclude	the	following	NLCD	fields:	“developed	–	low	intensity”,	“developed	–	high	intensity”,	“developed	–	open	space”,	
“hay/pasture”,	“cropland”
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The high service area risk PG&E faces may help explain 
two prevailing trends in the ignition data.

1. PG&E is generally responsible for a greater number of 
large fires (Appendix Exhibit 11.4a).

2. PG&E has increased levels of ignitions due to vegetation 
contact, potentially as a direct result of its highly 
forested/herbaceous territory (Figure 4.2b). 

4.3	Service	Territory	Risks	vs.	Ignition	Drivers

Service area risk is an important determinant of the 
observed level of ignitions; however, alone it does not fully 
explain trends in utility ignitions. The percentage of 
ignitions by terrain type is relatively constant over time 
(Appendix Exhibit 11.4b), implying that recent increases in 
ignitions are not specific to any one land type. To better 
understand recent ignition growth, we turn toward weather 
patterns as a dynamic factor that may be influencing 
ignition trends. 

Figure	4.2b	-	Ignitions	by	object	contact	type

Source: CPUC	ignition	data	2015-2021,	BCG	analysis.

Note: OH	miles	include	transmission	and	distribution.
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Utilities with higher risk land types 
(such as PG&E) should take additional 
actions to reduce its increased ignition 
risk given its skew toward high-risk 
land, which may require greater fire 
mitigation support than peers.
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In addition to land type, the size and dispersion of each 
utility’s grid is also a potential contributing factor to ser-
vice area risk. PG&E has by far the largest and most dis-
persed grid of any California utility (Figure 4.2c). The po-

tential added complexity and cost, even on a per 
circuit-mile basis, of maintaining their infrastructure and 
responding to incidents may be a contributing factor in its 
higher ignition rates and larger average fire size.

Influence	of	Grid	Size	and	Dispersion

Figure	4.2c	-	Map	of	utility	service	area,	infrastructure,	and	ignitions

Source: Reported	CPUC	utility	ignitions	2015-2021,	CPUC	public	utility	transmission	line	data,	CPUC	service	area	definitions,	BCG	Gamma	Web	App.	
1Transmission	lines	only	form	~20%	of	utility	infrastructure,	but	used	as	a	proxy	here	because	they	form	the	backbone	which	distribution	lines	ex-
pand upon.

Service Area
PGE ~70k sq. mi. vs. 

~50k SCE & ~4k SDGE

Infrastructure
PGE transmission lines1
more widely dispersed

Ignitions
PGE contributing largest

number of ignitions

Utility ignitionUtility transmission line
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A targeted response in weather-affected areas, and 
the tracking of ignitions normalized for 
weather, may be required to ensure effective fire 
mitigation and fair utility evaluations. 

Poor weather can cause significant problems for 
utilities and their equipment. High winds may directly 
damage infrastructure, and drought, humidity, and 

high temperatures can create fire conditions that cause 
ignitions to spiral out of control. Consistent growth in 
extreme weather over the past five to ten years may be 
driving recent increases in ignitions. Given the weather 
impact is most acute in winter/early season, weather may 
also be associated with an expansion of traditional fire 

season. A targeted response in weather-affected areas, and 
the tracking of ignitions normalized for weather, may be 
required to ensure effective fire mitigation.  

5.1	Weather	Patterns	May	Be	Driving	Ignitions	

Anecdotally, many in California understand there’s been 
more extreme fire weather, but quantifying it has always 
posed challenges. Using Red Flag Warnings as a proxy for 
fire weather27, we’ve been able to see that extreme weather 
has increased significantly in the past 10 to 15 years in 
California. 

5.	Impact	of	Weather	on	Ignitions

27.	Red	Flag	Warnings	are	a	useful	proxy	for	fire	weather.	They	are	the	highest	fire	weather	warning	available,	and	incorporate	measures	of	humidity,	
soil	moisture,	wind,	precipitation,	and	lightning.	More	detail	in	Appendix	Methodology	Section	11.2
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Every year since 2016 the total utility area affected 
by Red Flag Warnings has been above the 10 to 15 
year average.

RFW-area-days, defined as the sum-product of the area 
and days affected by Red Flag Warning in each year or 
region28, have increased approximately 6% year over year 
since 2009 and more than 20% since 2015 (Appendix 
Exhibit 11.4c). The amount of utility territory affected by 
RFW has been above the 15-year averages for every year 
since 2016. This increase in poor weather appears to be 
closely associated with utility ignitions (Figure 5.1a). 

As we discuss in Sections 6 and 7, mitigation efforts do not 
appear to be optimized to lower risk in areas severely 
impacted by weather. Areas with increased risk of extreme 
weather are a potential blind spot for the wildfire 
mitigation community that should likely be addressed 
moving forward.

28. Red	Flag	Warning	area	days	are	the	sum	of	the	area	affected	by	Red	Flag	Warning	and	the	days	over	which	it	took	place	(e.g.,	RFW	spanning	10k	
of	service	area	for	3	days	would	add	30k	RFW-area-days	to	the	total	for	that	month/season/year.

Figure	5.1a	-	Map	–	Ignitions	&	RFW

Source: CPUC	ignition	data;	NOAA	daily	weather	data,	BCG	Gamma	WebApp.
1RFW	square	mile	day	defined	as	the	sum-product	of	RFW	area	&	days	in	effect	over	the	course	of	the	year.

Ignitions and number of red �ag warning days, 2015-2021

Base year for ignitions Most recent ignition years

2015 2019 2020 2021

Utility ignition
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5.2	Extreme	Weather	Impact	in	Early/Winter	
Season

In addition to overall increase in ignitions, weather may be 
associated with the expansion of the traditional fire 
season. As mentioned in Section 3.3, winter/early season 
has been when the majority of ignition increase has 
occurred. Ignitions increased 13% year over year in winter 
and 6% year over year in early season since 2015, whereas 
fire season ignitions were roughly flat over the same 
timeframe (Figure 3.3a). 

Long-term increases in weather indicators mirror these 
ignition patterns. Since 2009, there has been an 8% 
compound annual growth (CAGR) in RFW area-days in 
winter season, the strongest clear increase of any season 

(Figure 5.2a). Early season trends are spottier, but growth is 
undeniably strong: 2021 RFW area-days are over two times 
the 10 to 15 year average in early season. 

8% Year over year growth in winter area affected by 
Red Flag Warnings since 2009.

The expansion of “fire season” due to worse weather could 
cause problems for utilities. Wildfire mitigation is more 
complex and expensive, as it is required year round vs. 
focused during summer months. Current utility strategies, 
which disproportionately focus on peak fire season ( June 
to October) need to be updated. We discuss the need to 
refresh policy and dedicate more focus to this issue in 
Sections 6-8.

Figure	5.2a	-	RFW	growth	since	2009	by	utility	by	season

Note: Charts	set	to	different	scales	for	visibility;	Source:	NOAA	daily	weather	data.
1Winter	begins	in	November	of	the	prior	year;	for	example,	winter	2009	runs	from	Nov	2008	–	Mar	2009.
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Winter season has seen 200% to 300% increase in RFW area-days 
since 2009, with RFW area-days being above average for every fire 
season since 2016 and three out of four winters since 2018.

Despite having a smaller service area than PG&E, SCE accounted 
for 60% to 70%+ of the early and winter season increase in RFW area 
since 2009. SCE’s ignitions also increased a blended 10% since 2015, 
indicating this may be a contributing factor to the utility’s increases 
in ignitions.
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5.3	Growth	in	Ignitions	Requires	Targeted	
Response

As the impact of extreme weather expands over time and 
across seasons, the number of ignitions taking place 
during a weather warning is increasing at a rapid pace. 
Since 2015, “warning ignitions”29 have increased around 
22% year over year, while ignitions without weather 
warnings have remained roughly flat (Figure 5.3a). 

In a world where a flat ignition rate may be a positive 
outcome, there are three major opportunities we need to 
consider in our current wildfire mitigation approach: 

1. Increased emphasis on weather affected areas: 
Wildfire mitigation efforts have had a relatively static 
approach to risk, focusing on initiatives in HFTDs 
(Section 7). As weather patterns change, introducing risk 
and ignition growth elsewhere, an intensified focus from 
wildfire mitigation stakeholders on these new pockets of 
risk is likely required.

2. Increased emphasis on wildfire risk outside of 
peak fire season: As the concept of “fire season” 
becomes “fire year” in California, mitigation efforts will 
need to shift accordingly to meet the growing threat of 
winter/early season ignitions before they spiral.   

3. Tracking of ignitions normalized for weather: 
Weather patterns are generally outside of utility control, 
and therefore one might consider adding metrics that 
normalize for the growth in this risk. By evaluating 
utilities on a per RFW basis in addition to absolute 
ignitions, for example, we can better understand ignition 
drivers and adjust mitigation accordingly. 

We discuss new challenges and potential adjustments to 
mitigation strategy in detail in Sections 6 and 7.

Figure	5.3a	-	Ignitions	on	warning	vs.	non-warning	days

Source: CPUC	ignition	data,	NOAA	daily	weather	data.
1Warning	day	defined	as	any	day	with	a	Red	Flag	Warning,	High	Wind	Warning,	or	a	Wind	Advisory	in	effect.
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29.	Warning	ignitions	are	defined	as	ignitions	that	took	place	when	a	Red	Flag	Warning,	high	wind	warning,	or	wind	advisory	was	in	effect
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As a potential result of changing weather patterns 
and aging infrastructure, there are new wildfire 
risks facing utilities. 

As a result of changing weather patterns and aging 
infrastructure, there are potential new wildfire risks 
facing utilities. California wildfires are quickly 

transforming from a more predictable problem, where 
wildfire risk exists in similar areas and during similar 
times, to a complex, dynamic problem that will require an 
agile, adaptable set of solutions. Wildfire mitigation may 
not be currently capable of fully anticipating and 
mitigating these new risks. There are two potential major 
opportunities to advance the current wildfire mitigation 
framework:

1. Expansion of fire season demands resources year-
round: Weather is driving winter/early season ignitions, 
but mitigation efforts appear to be primarily focused on 
reducing fire season risk.

2. Growth in non-HFTD “hotspots”: Non-HFTD areas 
impacted by weather are another key driver of ignitions, 
but utility resources are highly concentrated in HFTDs.

While ignitions/wildfires in these areas are smaller in 
magnitude today, their impact may amplify over time if 
they are left unaddressed. The burden of increasing 
mitigation efforts should not be left up to the utilities 
alone. The ecosystem of stakeholders around wildfire 
mitigation may need to shift attention meaningfully to the 
issues above. 

6.	New	Challenges	in	Wildfire	
Mitigation
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6.1	Expansion	of	Fire	Season	Demands	
Resources	Year	Round

In California, various researchers have discussed the 
expansion from a “fire season” to a “fire year”; we now see 
this trend borne out in the utility ignition data. As 
mentioned in Section 5, weather may be influencing 
ignition growth outside of traditional fire season (Figure 
3.3a, Figure 5.2a). Certain fire mitigation initiatives, 
however, don’t currently appear to match the threat posed 
outside of peak fire season ( June-October). Using circuit 
miles inspected as a proxy, for example, less than 30% of 
circuit miles inspected took place during winter/early 
season30 despite 40% to 45% of ignitions occurring then in 
2021. Moreover, from 2020 to 2021, each of the major 
utilities decreased the number of circuit miles inspected 
during these seasons31.

To be clear, this should not be a question of shifting spend 
across the year, as fire season and HFTDs may still pose acute 
threats (Section 7). Utilities should also likely not have to bear 
the burden of addressing this new risk alone. Rather, a 
coordinated effort across wildfire stakeholders to increase 
focus and resources, and develop new strategies for 
addressing the winter/early season threat may be required. 
Southern California, where the impact of the Santa Ana winds 
has increased winter season ignition risk most in recent years, 
may be a logical first place to focus efforts32.      

Less than 30% to 40% of WMP spend goes toward 
non-HFTDs, but they currently drive 100% of 
ignition growth.

6.2	Growth	in	Non-HFTD	“Hotspots”

Much like winter/early season ignitions, growing ignitions in 
non-HFTD “hotspots” also present a potential opportunity 
to improve mitigation tactics today. Due to the combined 
influence of weather and HFTD mitigation efforts (Section 
7.3), strong ignition increase is occurring in non-HFTD areas 
affected by severe weather patterns, such as Northern 
Central California (Figure 6.2a). Ignitions in these “hotspots” 
disproportionately contribute to the 8% year over year 
increase observed in non-HFTD ignitions since 2016.  

Despite increasing ignitions outside HFTDs, only 30% to 
40% of spend is allocated to non-HFTDs for SCE and 
PG&E, even though non-HFTD represents around 70% of 
circuit miles. At SDG&E, just 5% spend is non-HFTD. The 
potential magnitude of this threat may not match the 
resources that are currently being put against it.

As these “hotspots” expand, and the geography affected by 
ignitions and wildfires continues to grow, the response from 
wildfire stakeholders will need to be twofold. First, a 
framework will be needed to isolate hotspots and 
continually reevaluate what we determine to be a “high risk 
area” due to the changing influence of weather. Next, 
coordination across agencies, utilities, and other wildfire 
stakeholders will be required to increase wildfire mitigation 
in these areas. Central, and perhaps a prerequisite, to these 
new efforts, will be a standard set of metrics that define risk 
shared across the wildfire community, especially when it 
comes to weather indicators (discussed in detail in Section 
8). 

Figure	6.2a	-	map	–	RFW,	HFTD,	ignitions	overlay	by	territory

Source: CPUC	ignition	data,	NOAA	daily	weather	data.
1Warning	day	defined	as	any	day	with	a	Red	Flag	Warning,	High	Wind	Warning,	or	a	Wind	Advisory	in	effect.

30. Q1	&	Q4	used	as	a	proxy	for	winter	and	early	season

31. Data	retrieved	from	Q1	2022	WMPs	–	see	section	7.3	for	additional	detail

32. “Research	Spotlight:	Ignitions	and	Wind	Speed	Are	Strongest	Drivers	of	Area	Burned	in	Santa	Ana	Wind	Fires.”,	Western	Ecological	Research	
Center,	28	July	2021
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Despite weather creating ignition problems in new 
seasons and geographies, there are still early signs 
WMPs have made an impact in certain key areas. 

Despite weather creating ignition problems in new 
seasons and geographies, there are still early signs 
WMPs (wildfire mitigation plans) have made an 

impact in certain key areas. Increased utility focus on 
HFTDs (60% to 95% of WMP spend concentrated in these 
areas) and during fire season may be contributing to 
reduced ignition rates, even though weather appears to be 
adversely affecting these areas. In our analysis, four 
primary pieces of evidence led us to this observation:

1. Ignitions improved in HFTDs and fire season: 
Ignitions for HFTDs have decreased 0% to 3% and are 
roughly flat in fire season since 2015. Ignition growth 
elsewhere is generally significantly higher.

2. Ignitions improved in HFTDs despite extreme 
weather: The ignitions outcomes above were realized 
despite more extreme weather. The area affected by 
RFW grew 5% year over year since 2009, and 5% to 15% 
since 2015 for both HFTDs and fire season, and RFW 
area-days were above long-term averages for 2017-2021.

7.	Utility	Wildfire	Mitigation	
Effectiveness
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3. Ignitions improved for large-scale fires despite 
increases in smaller fires: While ignitions increased 
by 3% for very small (<0.25 acres) and small (0.25-0.10 
acres) fires during the examined years, large (100-5,000 
acres) and extra-large (5,000+ acres) fires have remained 
at or below their average rate. 

4. Utility efforts focused on HFTD and fire season 
risk: 60% to 95% of spend is concentrated in HFTD  
despite representing 30% to 50% of overhead circuit 
mileage, and about 70% of OH miles inspected, occur 
during or just before peak fire season (approximately 
55% for SDG&E as ignitions are flatter year-round).

7.1	Ignitions	Improved	in	HFTDs	and	Fire	 
Season

Although absolute ignition rates are growing, California 
utilities have seen roughly flat or declining ignitions in 
HFTDs and fire season relative to other areas. In HFTDs, 
ignition rates have been roughly flat, whereas non-HFTDs 
have increased 8% year over year since 2016. Utility  
ignition rates in HFTDs have also been below average for 
three of four years from 2018 to 2021, the same timeframe 
over which utilities expanded their mitigation efforts 
through the WMP program (Figure 7.1a). 

Non-HFTDs have had above-average ignitions for 
the past three years, whereas HFTD ignitions have 
been below average for three of the past four 
years. 

In fire season, we observed a similar trend: ignitions were 
roughly flat since 2015 and declined nearly 20% in 2021 
(Figure 3.3b). On the other hand, early/winter season 
ignitions, where there was lower mitigation spend, grew at 
a combined 5% to 10% rate. 

Reduced HFTD and fire season ignitions were observed 
even when compared against CalFire’s database of all 
wildfire ignitions across California33. From 2015 to 2021, 
the change in HFTD ignitions was 3% to 5% below total 
ignition growth; the change in utility fire season ignitions 
since 2015 also came in around 2% to 3% lower relative to 
CalFire fire season ignition growth (Appendix Exhibit 
11.4f ).  

33. CalFire	database	of	statewide	wildfires	is	known	to	have	more	issues	than	CPUC	data.	Used	as	a	guide	for	directional	ignitions	trends;	not	relied	
upon	for	total	ignitions	Figures

Figure	7.1a	-	HFTD	vs.	non-HFTD	ignitions

Source: CPUC	ignition	data,	CPUC	HFTD	classification	data,	2015-2021.
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7.2	Ignition	Rates	Improved	Despite	Extreme	
Weather

Given the trajectory in HFTD and fire season ignitions, one 
might expect that trends in weather might simply be  
better in those geographies and during those months. The 
data suggests otherwise. In both HFTDs and fire season, 
the area affected by RFW has grown at an approximately 
5% CAGR since 2009. What’s more, the acceleration in 
extreme weather has been even more acute in HFTDs and 
fire season than in any other area. For each year since 
2017, for both HFTDs and fire season, the area affected by 
RFW has been above 10- to 15-year averages  (Figure 7.2a, 
Appendix Exhibit 11.4c).

Despite weather trends as bad or worse than other areas, 
ignitions in HFTDs and fire season have remained flat or 
decreased. This suggests fire mitigation efforts taken by 
utilities or other stakeholders are likely responsible for the 
reduction in fire risk. 

Source: CPUC	ignition	data,	NOAA	daily	weather	data.

Figure	7.2a	-	Fire	season	weather	increases	vs.	ignitions
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7.3	Ignitions	Improved	for	Large-Scale	Fires	
Despite Increases in Smaller Fires

Large and extra-large fires (100-5,000+ acres) cause  
disproportionate damage accounting for over 90% of all 
acres burned in California. In three of the last four years, 
the number of large or extra-large wildfires has fallen at or 
beneath the baseline average. Additionally, SCE ignitions 
are near zero post 2018, despite increases in adverse 
weather conditions across all utility regions. This suggests 
that utility WMPs, which have been in effect during the last 
four years, are helping mitigate large-scale wildfires.

Conversely, small (under ten acres) ignitions increased by 
3% year-over-year in the period of 2015 through 2021. As 
such, these small ignitions account for almost the entire 
increase in ignitions since 2015. While not nearly as  
destructive as large-scale fires, small-scale ignitions could 
be a potential area of focus in expanded WMPs as they 
still represent a threat to property and are a drain on 
public resources.

Source: CPUC	ignition	data,	CPUC	HFTD	classification	data,	2015-2021.

Figure	7.3a	-	Reported	utility	in	HFTD	by	fire	size	tier,	2015	–	2021
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7.4	Utility	Efforts	Are	Concentrated	in	HFTDs	
and	During	Fire	Season

In their wildfire mitigation plans, utilities are often focused 
on the reduction of large wildfires, as those 
disproportionately contribute to acres burned (Appendix 
11.4e). Resources are therefore heavily weighted toward 
high risk areas and high risk times. This leads to two key 
trends in WMP spend:  

• A disproportionate focus of WMP resources on 
HFTDs (Figure 7.3a). 

 — For PG&E and SCE, HFTDs represent 20% to 30% of 
circuit miles but about 60% to 70% of WMP spend. 

 — SDG&E has over 50% of its circuit miles in HFTD, 
and spends about 95% of its budget there.

• A concentration of WMP inspections during or 
before peak fire season ( June through October).

 — Approximately 70% of circuit mile inspections take 
place during Q2-Q3 ( June to September) for PG&E 
and SCE. 

 — For SDG&E, around 55% of inspections occur during 
Q2 and Q3. The ratio is slightly lower for this utility 
as they experience more consistent mild levels of 
fire risk year round.

The reduction in ignition rates observed in Section 7.1 
occurred in parallel with increased WMP spend in HFTD 
and increased inspections during fire season. As a result, 
WMP actions may not only be reducing ignitions, but given 
the high-risk nature of these areas, they may also be  
influencing the reduction in large fires. Since 2015,  
medium fires, between 10 and 100 acres, and large to 
extra-large fires, between 100 and 5,000+ acres, have been 
flat or declined; almost all the recent ignition growth has 
resulted in fires ten acres and below.

Of course, WMPs are still in their infancy, and a longer 
time horizon over which to conduct this analysis is  
necessary to have greater conviction in WMP impact. For 
now though, HFTD and fire season ignition reductions 
appear to show that the efforts utilities and wildfire  
stakeholders are making are having an impact. To expand 
on this success and meet new challenges, better alignment 
and tracking of metrics is needed among members of the 
wildfire community.  

Source: Q1	2022	Wildfire	Mitigation	Plan	filings,	BCG	analysis.

Note: WMP	spend	defined	as	sum	of	OpEx	and	CapEx	spend	across	all	categories	for	2021;	OH	Circuit	Miles.
1Inspections	include	patrol,	detailed,	and	other	inspections
2SDGE	reports	all	circuit	miles	instead	of	OH	only,	>50%	are	underground.

Figure	7.4a	-	WMP	spend	by	HFTD	vs.	OH	circuit	miles;	inspections	
during	Q2-Q3	&	Q1-Q4
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Utilities and other stakeholders may be up to the 
task of tackling this wildfire problem, but targeted 
action is required. 

Members of the wildfire prevention community have 
opportunities to improve how they communicate 
about the drivers of wildfires and the holistic suite 

of wildfire mitigation efforts. Without a standard set of 
universally defined metrics, stakeholders are unable to 
communicate efficiently, share data, and coordinate the 
cross-functional initiatives necessary to expand on the 
limited success of WMPs and meet new challenges in 

ignition growth across California (Section 6). We believe 
that standardizing all or most metrics across the major 
California wildfire stakeholders will eventually be  
necessary; however, short of this large undertaking, there 
are a few high-impact areas where standardization is  
needed. Namely, there is currently no widely accepted set 
of metrics to describe the influence of weather on  
ignitions. Given the potential impact of weather we  
observed in this analysis, this will be a critical first step 
that will help direct future mitigation efforts.

8. Data Metrics
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8.1	Why	Standard	Wildfire	Metrics	Matter	

Coordinating across agencies, utilities, and other 
stakeholders to address growing wildfire risk is only 
possible if everyone speaks a “common language” when it 
comes to wildfire risk and mitigation. A shared set of 
wildfire metrics and definitions would offer three main 
advantages:

1. Quick and effective knowledge sharing: Data that is 
collected in a consistent manner and referenced using 
standard nomenclature/taxonomy is more easily shared 
and aggregated among utilities, state agencies, and 
scientific institutions. 

2. Higher predictive accuracy and improved 
mitigation: The predictive accuracy of wildfire activity 
models increases with the amount of data available. 
Standardizing inputs will allow us to build more 
complete datasets that better inform mitigation actions. 

3. Coordination of multi-agency suppression 
and prevention efforts: Wildfires have impact 
across borders and boundaries. Common language 
and standardized metrics provide a foundation for 
interagency partnerships that optimize resource use.

8.2	Current	State	of	Wildfire	Metrics	in	
California,	the	US,	and	Beyond

Unfortunately, as we discovered in this project, metrics 
remain largely unstandardized across the wildfire 
community. This results in many failed opportunities for 
the types of collaboration listed above. Throughout our 
analysis, we encountered three recurring issues with 
unstandardized wildfire data. Examples and potential 
solutions for some of the challenges are listed below:

1. Inconsistent terms and taxonomies

• No standard set of weather metrics: We defined 
new weather metrics (such as RFW-area-days) to get 
data at the level of granularity needed for this analysis. 
Utilities and the wildfire community need to agree on 
key weather metrics, or use existing ones such as ours, 
so they’re able to update and act on them in WMPs 
annually.   

• Inconsistent definition of fire season: “Fire season” 
exact start and end dates vary every year according to 
the date of the first and last large fires. Stakeholders 
need to fix seasonality to specific months so seasonality 
can be analyzed more easily. 

• Multiple land classification systems: A single land/
vegetation classification system (likely NLCD since it is 
US-wide) should be used to simplify service area risk 
analysis. 

• Unclear fire end dates: Fire “end date” may represent 
either control date or date extinguished. One view 
should be adopted universally. 

2. Lack of data quality standards

• Variable ignition data quality: Accuracy, 
completeness, and definition of an ignition vary 
depending on source (for example, CPUC vs. CalFire). 
Minimum standards should be set, and data shared 
cross-agency as a first step to increasing quality.

• Inconsistent granularity in RFW data: RFW area-
days (calculated based on NOAA data) is available with 
more granularity than RFW-circuit-mile-days (disclosed 
by utilities). Utilities should consider making available 
more granularity to enable the kinds of seasonality and 
ignition analyses we conducted.

3. Poor usability and accessibility

• Widespread use of risk ratings: Some metrics are 
difficult to interpret, such as composite wildfire or 
weather “risk ratings.” Stakeholders should consider 
using underlying metrics, which are more intuitive and 
have widely understood definitions, as much as possible. 
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8.3	BCG	Perspective	on	Wildfire	Metric	 
Alignment

To address some of these inconsistency issues and take 
advantage of the benefits of standardization, we believe 
there are three areas where alignment is most needed: 
improved tracking of weather indicators, standard  
definitions of seasonality, and aligned return on  
investment measurements for wildfire mitigation actions.

As mentioned in Section 6, new challenges due to extreme 
weather have uncovered potential opportunities to improve 
and expand the current approach to wildfire mitigation. 
Weather is generating risk during seasons (winter/early) 
and in geographies (non-HFTD) where we may be currently 
less prepared. We’ve seen that wildfire mitigation efforts 
can be effective (Section 7), but a significant increase in 
efforts across California utilities, agencies, and other  
wildfire stakeholders is required to address these new 
threats. The problem we currently face, however, is that 
there is no standard definition of weather metrics or 
seasons to help stakeholders agree on where weather risk 
is most acute, that is, if weather metrics are tracked at all. 
Without agreement on what the impacts are, it will be 
difficult to design the kinds of cross-agency mitigation 
initiatives needed in order to tackle growing wildfire risk.

Although there’s a potentially infinite list of weather  
metrics to track, through our research34 we narrowed the 
universe of metrics by filtering based on current level of 
use, feasibility of tracking, and bias to action. Our  
minimum-viable list of weather metrics based on these 
criteria is shown in Appendix Table 11.1a. In particular, we 
believe sub-territory-level tracking of Red Flag Warning and 
fire weather warning circuit-mile-days are metrics that may 
best help us understand weather impacts. In addition to 
the weather metrics themselves, we believe there should 
also be more standard definitions of seasons across which 
weather and ignitions are tracked. By aligning on a June to 

October fire season35, for example, we can better agree on 
the extent and severity shifts in ignitions across seasons.  

In addition to standardizing tracking and definitions,  
California utilities, agencies, and other wildfire  
stakeholders should also align on measuring the impact of 
various mitigation efforts. The way in which mitigation 
actions are measured and prioritized today is varied across 
players. This makes it difficult to fully align on the impact 
of various actions relative to their cost. Given that costs 
ultimately fall on the California rate base or California 
residents and businesses, this makes imperative to  
prioritize high impact actions that also are cost efficient 
based on outcomes. Coupled with the increasing  
electrification of California, mitigation of increasing  
electricity cost is a high priority for citizens.

By standardizing the measurement of impacts, such as the 
return on investment, for different mitigation actions, all 
stakeholders (including utilities and regulators) can be 
aligned on the impact of each action and its cost efficiency. 
Mitigation efforts would be prioritized by where/when they 
have the most impact relative to its costs. This ensures 
that mitigation efforts consider the needs of users and all 
stakeholders while maximizing impact on mitigating and 
reducing wildfire risk. 

We believe aligning on metrics across all major categories 
in our framework (fire risk, intensity, and impact) would 
eventually create significant synergies for the wildfire 
community in California. Short of this large undertaking, 
however, standard units of weather and seasonality are 
clear first steps that could greatly help utilities and  
agencies collaborate to abate the growing wildfire threat.

34. We	conducted	a	bottom-up	review	of	all	metrics	tracked	by	major	California	agencies,	utilities,	research	bodies,	and	other	key	stakeholders.	For	
more detail on our research approach please see Section 11.3 in the Appendix

35. Seasonality	defined	as	winter	(Nov-Mar),	early	(Apr-May),	and	Peak	Fire	Season	( June-Oct).	Delineation	between	seasons	made	based	on	
observed	differences	in	baseline	levels	of	ignitions	between	months.	Largest	jumps	in	5-7Y	average	ignitions	observed	between	May-June,	Mar-
Apr,	and	Oct-Nov.	



…we believe sub-territory-level tracking of 
Red Flag Warning and fire weather warn-
ing circuit-mile-days are good metrics that 
may help understand weather impacts.
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5% to 10% of growth in winter/early season and 
non-HFTD ignitions should be met with bold and 
decisive action

9.1	Summary	and	Looking	Ahead

Although ignitions increased slightly over the past five to 
seven years, we believe there may be reason to be 
cautiously optimistic in the outlook for utility wildfires. 
Increased WMP focus on HFTDs, specifically during fire 
season coincided with decreased ignition rates, suggesting 

that utility actions can reduce observed ignitions growth. 
Weather is making this problem even more complex, and 
at the same time expanding both the geography and time 
frame over which we face ignition risk. Winter/early season 
and non-HFTD ignitions are rapidly growing threats, and if 
left unaddressed, their impact may magnify over time. 
Utilities and other wildfire stakeholders may be up to the 
task of tackling this wildfire problem, but targeted action is 
required. Looking forward, we see five potential areas of 
focus for wildfire mitigation stakeholders to meet new 
wildfire challenges:

9.	Conclusion
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1. Increased inter-institution collaboration: In this 
analysis, we’ve primarily focused on utility initiatives; 
however, the entire ecosystem of agencies, local  
authorities, and researchers managing wildfire risk will 
be needed to address new geographic and seasonal 
threats.

2. Improved metrics tracking: As discussed in Section 
8, certain key wildfire metrics such as weather, are 
currently missing or are not standardized across 
stakeholders. To address wildfire risk, a standard, clearly 
defined set of metrics is needed across utilities and 
other California agencies.

3. Sophisticated spend allocation: Currently, resources 
appear to be allocated mostly based on static definitions 
of risk (HFTDs, fire season). Improved metrics tracking 
(above) may enable stakeholders to better react to 
dynamic risks such as weather and aging infrastructure, 
as well as continue to evolve the deployment of limited 
resources to ensure the highest possible mitigation.

4. Tracking of spend effectiveness: Utilities and 
agencies all do this analysis at some level today, but as 
the wildfire problem expands to more areas and seasons, 
so too will spend. Enhancing spend-effectiveness 
tracking capabilities beyond where they are today, will be 
paramount.   

5. Reviewing fundamental tenants that get 
challenged under extreme weather: Stakeholders 
will need to build a framework to reassess certain 
decisions including actions like undergrounding of wires 
– in an environment where risk is increasing changing 
the need for evaluating different methods of mitigating 
utility related wildfires.

9.2	Limitations	and	Next	Steps	in	This	Analysis

As with any analysis, we faced limitations in this paper. If 
given access to private data, there are three primary areas 
worth exploring in more detail: infrastructure, geo-specific 
WMP spend, and fire resources.

For security reasons, detailed information on major utility 
infrastructure is strictly private. Unfortunately, knowledge 
of the age, location, type, and condition of utility 
equipment is an essential component to understanding a) 
what underlying factors influence changes in ignitions and 
b) the inherent infrastructural risks that each utility faces. 
For now, we’ve had to infer infrastructural factors by 
mapping ignitions caused by equipment failures. With 
proper data, an infrastructure teardown, and system 
hardening optimization analysis would be valuable next 
steps, allowing us to better understand utility- and 
location-specific risks in addition to the effectiveness of 
certain WMP actions. 

In our current analysis, WMP data is generally aggregated, 
so isolating the impact of WMP initiatives is difficult. If 
WMP spend was tagged to specific locations, however, we 
may be able to tie utility actions to specific ignitions 
outcomes, thus creating a much tighter causal link. This 
would also allow measurement of how efficiently and 
effectively WMP spend is allocated in existing actions and 
locations, identifying areas of progress and gaps for 
opportunities. 

Lastly, access to fire resources/emergency response 
services is a potential confounding variable in this analysis 
that we’d like to consider in the future. For example, given 
SDG&E’s urban makeup and high percentage of military 
land, one would expect a major advantage in access to fire 
suppression vs. PG&E. Including this variable might help 
improve our model and account for further unexplained 
variation in the ignition data.
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Looking back at the 2022 wildfire season we observe that 
California enjoyed a significantly milder wildfire season. 
Despite the continued drought, the state experienced 
the fewest acres burned from wildfires since 2019. In 
approximately 360,000 acres burned last year, compared 
with 2021’s 2.5 million acres burned and 2020’s 4.3 
million acres burned.36  

As we discussed at length above many factors drive 
wildfire incidence, that said early signals suggest that 

in 2022 advantageous weather (earlier precipitation, 
favorable wind) and the impact of the wildfire mitigation 
actions contributed to the reduced acreage burned. 
With rain coming earlier than the Santa Ana winds, the 
conditions that spark fires may have been reduced.37 
California officials have suggested that forest management 
and wildfire mitigation efforts have contributed, including 
promoted efforts such as the 600 fuel reduction projects 
over ~100,000 acres in the 2021-2022 fiscal year.38  

10. Events outside our analysis 
period	-	2022	Wildfire	season		 
and	recent	flooding

36.	https://calmatters.org/environment/california-wildfires/2022/12/california-wildfires-2022/ 

37.	nytimes.com/interactive/2022/12/20/climate/california-wildfire-season-2022.html

38. https://calmatters.org/environment/california-wildfires/2022/12/california-wildfires-2022/
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Following the positively milder 2022 wildfire season, 
California has experienced another environmental 
disaster.39 Powerful rainstorms from a series of 
atmospheric rivers have swept across the state in the 
beginning of 2023. California has declared a state of 
emergency, regions across the state have faced heavy 
rainfall, high winds, flash flooding, and landslides. Average 
rainfall totals reached 400% to 600% higher than average 
values, with some regions receiving 14 inches of rain 
within a 24-hour period.40  

Wildfires likely exacerbated the flooding, rapid runoff, and 
landslides from these rainstorms. Years of intense wildfires 

created large burn scars that destroyed the vegetation 
holding down soil during intense rains. Without anything 
holding the soil in place, water running down hills loosens 
the soil, making it more vulnerable to landslides.41 

Though early to make definitive conclusions we believe 
continued wildfire mitigation efforts are essential to 
prevent further damage from both wildfires themselves 
and the environment they leave behind.

39.	https://www.whitehouse.gov/briefing-room/statements-releases/2023/01/14/president-joseph-r-biden-jr-approves-california-disaster-declaration-3/

40. https://www.nytimes.com/2022/09/20/us/storms-slow-californias-mosquito-fire-but-bring-flash-flood-risk.html

41. ibid
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11.1	Methodology

11.1.1 Baseline

Ignitions
To begin the analysis, a baseline must be created for the 
ignitions and area(s) being studied. With the focus on 
utility-caused ignitions, we accessed the California Public 
Utilities Commission (CPUC) data published by PG&E, 
SCE, and SDG&E from 2014 to 2021. The CPUC requires 
utilities to report ignitions involving their equipment that 
meet all the following conditions:

1. A self-propagating fire of material other than electrical 
and/or communication facilities.

2. The resulting fire traveled greater than one linear meter 
from the ignition point.

3. The utility has knowledge that the fire occurred.

Data was downloaded as a separate Excel spreadsheet for 
each utility and year. The values for ignition attributes were 
remapped to fit the Wildfire Safety Division reporting 
standard. Ignitions that were missing latitude and/or 
longitude were not mapped to spatial attributes but were 
included in overall trends.

11. Appendix
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Service	Boundaries
In addition to creating a baseline of ignitions, the study 
areas for each service area must also be clearly 
determined. Since the ignition baselines we used were 
from PG&E, SCE, and SDG&E, those three service 
territories were pulled. The territories are from data 
compiled from California Energy Commission staff from 
maps and the Homeland Infrastructure Foundation-Level 
Data.  

To allow for comparisons between the state and the 
specific service territories, the state boundary of California 
was also used as a study area. This allows us to directly 
compare trends in the utility territories with what is 
happening overall in California.

11.1.2 Service Area Risks

Land	type
Each of the three California utilities being studied covers 
considerably different types of land. We wanted to 
understand the different land compositions of each study 
area. The hypothesis was that specific land types, such as 
rural areas with vegetation, would be predisposed to large 
ignitions whereas other ones, like developed regions, would 
have more frequent smaller fires. To better understand the 
unique risks that each service area faces, we generated a 
profile of each land type, looking at the intersection of land 
cover and urbanicity.

For land cover, we used the National Land Cover Database 
(NLCD), which provides 2019 nationwide data on a variety 
of land cover classes. The classes were remapped into six 
classes (highly developed, partially developed, forest/
herbaceous, farmland, shrub/scrub, and other) to make it 
easier to create land type archetypes. For example, 
combining all types of forest into a forest/herbaceous class.

Land cover alone is not enough to create the land types. To 
supplement the land cover, we layered in urbanicity data. 
Urbanicity was pulled with BCG’s urbanicity dataset to 
further profile the land types. The classes from the original 
dataset were simplified and remapped to three classes: 
urban, suburban, and rural.

After pre-processing the data, the breakdown of land type 
for the utilities and California was calculated using their 
boundaries. Then each utility’s ignitions were matched to 
the land type at their origin coordinates. We used this 
information to formulate the archetype of each territory 
and then explore the land types that were originators of 
ignitions.

Wildland-urban	interface
Classifying land types allows for valuable insight into 
service areas that include riskier areas. Building on how 
land type contributes to service-area risk, we wanted to 
look at the data from an additional angle on how 
vegetation and urban areas intermix to cause risk. To do 
this, we analyzed the impact of the wildland-urban 
interface (WUI) on service area risk.

The WUI dataset highlights where housing intermingles 
with undeveloped wildland vegetation. These areas are 
predisposed toward wildland fires. The WUI can be broken 
down into three classes:

1. Wildland Urban Interface: Dense housing adjacent to 
vegetation that can burn in a wildfire

2. Wildland Urban Intermix: Housing development 
interspersed in an area dominated by wild land 
vegetation subject to wildfire 

3. Wildfire Influence Zone: Wildfire susceptible 
vegetation up to 1.5 miles from Wildland Urban 
Interface or Wildland Urban Intermix

Data was processed in a similar spatial manner to land 
type – the service area composition for the utilities and 
California was calculated. The WUI class for each ignition 
was also generated and appended onto the ignition 
baseline dataset.

Infrastructure	Dispersion
One other primary factor we considered for service-area 
risk is the layout of utility infrastructure. Complex 
infrastructure spread out over risky terrain would be harder 
to manage and contribute to more ignitions. We wanted to 
know which of the utilities had infrastructure layouts that 
would be harder to manage than others. Ideally, we would 
be able to analyze the full utility infrastructure including 
distribution lines with delineations in the data for what is 
underground. However, this data is not publicly available. 
As a proxy, we pulled the transmission lines for PG&E, SCE, 
and SDG&E. 

We accessed this data that was created by the California 
Energy Commission Electric to display the electric 
transmission grid in California. The data was visualized 
and overlaid with the utility boundaries, land types, and 
ignitions to help determine trends.
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11.1.3 Ignition Drivers

Weather	patterns
Service area risk only partially explains trends in ignitions 
over time. There are other underlying factors that are 
driving changes that we need to consider. A key one is the 
effects of worsening weather. 

We wanted to understand the changes in ignitions in 
relation to weather conditions, so we leveraged Red Flag 
Warnings (RFWs) as the main weather variable. This was a 
good dataset to focus on for weather since an RFW is 
triggered when multiple weather conditions are met that 
indicate there’s a high fire risk in a specific region. Per 
NWS, an RFW is issued when more than one of the 
following criteria is met:

• Winds sustained or with frequent gusts ≥ 25 mph

• Relative humidity at or below 30% anytime during the 
day

• Rainfall amounts for the previous five days less than 
0.25 inches (except three days in pre-green up)

• Lightning after an extended dry period

• Significant dry frontal passage

• Dry thunderstorms

• Keetch-Byram Drought Index values of 300 or greater 
(summer only)

We needed to pre-process the RFW to track the trends, so 
we downloaded historical California data for 2009-2021. 
Data with incorrect start and end dates were filtered out 
(such as end date was before start date) and duplicate 
records were removed. 

The first part of our analysis revolved around RFW square 
mile days. RFW square mile days are derived from the 
temporal and spatial NWS data. The area in square miles 
that is under an RFW is reached by adding the number of 
days the warning is in effect for each service territory. For 
example, if 500 sq. mi. is under RFW for two days and 250 
sq. mi. for one day, the total RFW square mile days would 
be 750 sq. mi. (500 sq. mi. + 500 sq. mi. + 250 sq. mi.). This 
metric was calculated for each of the study areas.

In addition to the square mile days, we also generated an 
RFW heatmap. The days different regions in the study 
areas were under warning were overlaid on top of each 
other to create a heatmap of regions experiencing the 
worst RFW. The data was cut for each year from 2009 to 
2021 to allow for yearly comparisons of RFW conditions. 

Infrastructure	Characteristics
Utilities’ infrastructure characteristics may also have a 
strong impact on ignitions. We hypothesized that as 
infrastructure aged, it would begin to cause more ignitions. 
Open data does not contain information on age, so we 
used the attributes from the ignitions baseline that 
explained the cause of ignition. Ignitions that were caused 
by equipment failures were used as a proxy.

The ignitions were mapped to weather watches and were 
tagged if an RFW was in effect at the original date and 
location of ignition. From there we observed the rate of 
increase in equipment failure that caused ignitions with 
and without weather watches in effect.

11.1.4 Mitigating Actions

HFTDs
Our primary goal was to determine if we could study the 
effectiveness of current utility wildfire mitigation plans. We 
first studied external factors such as weather, 
infrastructure, and service area risk. After gaining an 
understanding of those impacts, we wanted to explore the 
impact of actions taken to mitigate risk. There are 
considerable limitations in publicly available WMP data, so 
we used proxies to help understand the impact of WMP 
actions. The first proxy we were able to focus on was the 
CPUC High Fire-Threat District (HFTD) dataset. HFTDs 
represent areas where there is a higher risk for power-line 
fires igniting and thus the bulk of WMP spend is focused 
on those regions.

Per the CPUC, HFTDs are composed of two tiers:

• Tier 2: areas where there is a higher risk (including 
potential impacts on people and property) from utility-
related wildfires

• Tier 3: areas where there is an extreme risk (including 
potential impacts on people and property) from utility-
related wildfires

We looked at both tiers and their boundaries, which are 
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available for public download. To synthesize the HFTD 
data, ignitions were spatially matched to determine which, 
if any, HFTD tier they fell into. This allowed us to track 
ignition trends in areas with high WMP spend to explore if 
mitigating actions have reduced the ignitions over time.

Ignitions	during	fire	season
HFTDs represent physical regions where mitigating actions 
are focused. Fire season also represents a temporal space 
with a higher concentration of mitigation actions. As a 
second proxy to estimate WMP spend effectiveness, we 
wanted to study ignitions occurring in and out of fire 
season. This allowed us to determine if there was a 
difference in the rate of increase for ignitions. We used the 
ignitions baseline data as a starting point.  Each ignition 
was classified to the season in which it occurred: Winter 
(November to March), Early (April to May), and Traditional 
( June to October). From there, we could track the trends 
over the years for ignitions and compare how they were 
increasing in the different seasons.

11.1.5 Data Access

Dataset Dataset Description Source

High Fire-Threat Districts (HFTDs) HFTDs as defined by the CPUC. These 
include Tier 1 and Tier 2.

https://www.cpuc.ca.gov/indus-
tries-and-topics/wildfires/fire-threat-
maps-and-fire-safety-rulemaking 

Ignitions (PG&E, SCE, SDG&E) Utility reported ignitions from  
2014-2021

https://www.cpuc.ca.gov/indus-
tries-and-topics/wildfires

National Land Cover Dataset (NLCD) Nationwide land cover data from 2019 https://www.mrlc.gov/data 

Warning Days (RFW, High Wind, Wind 
Advisory)

Historical date ranges and spatial 
objects from the National Weather 
Service on when weather warnings 
were in effect

https://mesonet.agron.iastate.edu/
request/gis/watchwarn.phtml 

Urbanicity Nationwide 5-class urbanicity classifi-
cations on a block group level for BCG proprietary dataset

Utility/Service Area Boundaries Electric territory maps for California https://data.ca.gov/dataset/electric-
load-serving-entities-iou-pou 

Utility Transmission Lines Electric transmission lines for  
California

https://data.ca.gov/dataset/califor-
nia-electric-transmission-lines 

Wildland-Urban Interface (WUI) California data for 3-class WUI areas https://frap.fire.ca.gov/mapping/
gis-data/ 

https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking
https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking
https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://www.mrlc.gov/data
https://mesonet.agron.iastate.edu/request/gis/watchwarn.phtml
https://mesonet.agron.iastate.edu/request/gis/watchwarn.phtml
https://data.ca.gov/dataset/electric-load-serving-entities-iou-pou
https://data.ca.gov/dataset/electric-load-serving-entities-iou-pou
https://data.ca.gov/dataset/california-electric-transmission-lines
https://data.ca.gov/dataset/california-electric-transmission-lines
https://frap.fire.ca.gov/mapping/gis-data/
https://frap.fire.ca.gov/mapping/gis-data/


40	 CALIFORNIA	WILDFIRES	–	THE	UTILITIES’	ROLE:	UNPACKING	THE	HEADLINES	

11.2	BCG	Metrics	and	Methodology

In Section 8, we discussed our recommendation that 
players in the wildfire management space move toward 
adopting a standard metrics framework.

To determine which metrics would be best to universally 
measure and track, we reviewed metrics used by a variety 
of stakeholders: California utilities, CPUC, CAL FIRE, 
similar organizations in other wildfire-prone states and 
Canada, federal agencies, and research and technology 
groups. We then evaluated metrics based on alignment, 
feasibility, and bias to action. 

Weather conditions, topography, acres burned, and 
information about fire location, size, and duration are 
widely tracked by most organizations. Large California 
utilities are the best paradigm for tracking utility-related 
ignitions drivers and mitigation actions–utilities elsewhere 
in the US may benefit from following California’s WMP 
model. Across the US, agencies responsible for responding 
to wildfires have several different ways of recording 
resources deployed and accounting for damage and 
destruction to communities. Acres burned is the prevailing 
proxy for wildfire impact/consequence even though it fails 
to capture effects on humans and property.

Taking these established practices into account and 
considering existing data collection capabilities, we have 
created a structure of recommended metrics representing 
wildfire risk, intensity, and impact/consequence. We believe 
that utilities and other organizations concerned with 
wildfire management will be able to mitigate wildfires 
more effectively by tracking the metrics in Table 11.2a.

Category Sub-category Metric Unit Use case

Risk Service Area Elevation ft or m Predicting fire occurrence & behavior

Risk Service Area Slope Percent Predicting fire occurrence & behavior

Risk Service Area Aspect Degree direction Predicting fire occurrence & behavior

Risk Service Area Land cover NLCD classes Predicting fire occurrence & behavior

Risk Service Area Urbanicity Identifying populations most vulnerable 
to wildfire

Risk Service Area WUI USDA classes Identifying populations most vulnerable 
to wildfire

Risk Service Area HFTD CPUC Tiers Identifying areas at risk for utility-
associated fires

Risk Service Area Critical infra. Coordinates Identifying vulnerable infrastructure in 
high-risk areas

Risk Ignition Driver Air Temp Degrees F or C Predicting fire occurrence & behavior

Risk Ignition Driver Relative humidity Percent Predicting fire occurrence & behavior

Risk Ignition Driver Dew point Degrees F or C Predicting fire occurrence & behavior

Risk Ignition Driver 24-hour 
precipitation mm/day Predicting fire occurrence & behavior
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Category Sub-category Metric Unit Use case

Risk Ignition Driver Drought code NWS classes Predicting fire occurrence & behavior

Risk Ignition Driver Wind speed & dir. mph or km/h & 
degree direction Predicting fire occurrence & behavior

Risk Ignition Driver HWW (High Wind 
Warning)

Status, date/time, 
circuit mile days Identifying fire-prone service areas

Risk Ignition Driver RFW (Red Flag 
Warning)

Status, date/time, 
circuit mile days Identifying fire-prone service areas

Risk Ignition Driver FWW (Fire 
Weather Warning)

Status, date/time, 
circuit mile days Identifying fire-prone service areas

Risk Ignition Driver Fuel type USDA standard Predicting fire occurrence & behavior

Risk Ignition Driver Fuel moisture 
content (live/dead) Percent Predicting fire occurrence & behavior

Risk Ignition Driver Utility risk events Type, coordinates, 
date/time

Tracking near-miss events that could 
have caused a wildfire

Risk Ignition Driver Utility 
infrastructure age Date installed Evaluating impact of age on equipment 

issues

Risk Ignition Driver Ignition cause USDA standard Determining common wildfire causes

Risk Mitigating Actions Grid hardening 
spend USD Evaluating utility mitigation action 

effectiveness

Risk Mitigating Actions Grid condition Circuit miles 
inspected, findings

Identifying & prioritizing utility 
infrastructure safety risks

Risk Mitigating Actions Veg. management 
spend USD Evaluating utility mitigation action 

effectiveness

Risk Mitigating Actions Vegetation 
management

Circuit miles 
inspected, findings

Identifying & prioritizing utility 
infrastructure safety risks

Risk Mitigating Actions Other spend USD Evaluating utility mitigation action 
effectiveness

Risk Mitigating Actions PSPS
Start date/time, 
end date/time, 
area

Accounting for frequency, duration & 
scope of PSPS events

Risk Mitigating Actions Prescribed burns Date/time, acres, 
coordinates

Evaluating effectiveness of prescribed 
burns

Risk Mitigating Actions New fire resources Type, USD spend, 
coordinates Tracking resource distribution

Intensity Duration Start date/time Date/time Recording duration
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Category Sub-category Metric Unit Use case

Intensity Duration End date/time Date/time Recording duration

Intensity Location Origin Coordinates Mapping fire origin & spread

Intensity Location Perimeter Coordinates Determining acres burned & area to be 
contained

Intensity Location Distance from 
origin to resources mi or km Relating resource accessibility & 

suppression outcomes

Intensity Location Response time Hours/mins Relating resource accessibility & 
suppression outcomes

Intensity Resources deployed Administrative unit Agency name Attributing fire response to correct 
agency

Intensity Resources deployed Personnel hours Hours Evaluating effectiveness of wildfire crews

Intensity Resources deployed Machine hours 
(ground) Hours Evaluating effectiveness of ground 

machinery

Intensity Resources deployed Machine hours 
(aerial) Hours Evaluating effectiveness of aerial 

machinery

Impact Area Burned By day Acres, date Determining rate of spread

Impact Area Burned Cumulative Acres Determining fire size & extent, impacted 
area

Impact Human Loss Civilian fatalities Count Quantifying impact on communities

Impact Human Loss Civilian injuries Count Quantifying impact on communities

Impact Human Loss Firefighter 
fatalities Count Quantifying impact on responders

Impact Human Loss Firefighter injuries Count Quantifying impact on responders

Impact Property loss Structures 
damaged Count Quantifying impact on communities

Impact Property loss Structures 
destroyed Count Quantifying impact on communities

Impact Property loss Infrastructure 
damaged Count Quantifying impact on communities

Impact Property loss Infrastructure 
destroyed Count Quantifying impact on communities

Impact Property loss Value of assets 
destroyed USD Quantifying loss in asset value
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11.3	Figure	Appendix

Figure	3.1a:	Utility	ignitions	per	10,000	OH	circuit	
miles	by	cause
All available yearly reportable ignitions from PG&E, SCE, and 
SDG&E were pulled from the CPUC website and merged 
into a single file36. The suspected initiating causes of 
ignitions across the utilities and years were mapped to fit 
the GIS Wildfire Safety Division reporting standard37. The 
figure visualized the number of ignitions normalized by 
2021 utility overhead circuit miles per utility. The normalized 
ignitions were broken out by cause of ignition each year.

Figure	3.3a:	Reported	utility	ignitions	by	fire	size	
tier,	2015-2021
All available yearly reportable ignitions from PG&E, SCE, 
and SDG&E were pulled from the CPUC website and 
merged into a single file38. Fire sizes across the utilities and 
years were standardized to fit the GIS Wildfire Safety 
Division reporting standard39. Ignitions were then plotted 
visualized by fire size, year, and utility.

Figure	3.3b:	Reported	utility	ignitions	(2015-2021)	
by	season
All available yearly reportable ignitions from PG&E, SCE, 
and SDG&E were pulled from the CPUC website and 
merged into a single file40. For the visual, all ignitions were 
grouped into three seasons based on their fire start date: 
Winter (Nov-Mar), Early (Apr-May), and Traditional ( Jun-
Oct). The ignitions were broken out by year.

Figure	4.1a:	Ignitions	by	origin	land	type	and	
acres	burned	by	origin	land	type
View the methodology for Figure 4.1a to understand how 
CPUC ignitions were mapped to land cover and urbanicity. From 
the ignition data, fire sizes across the utilities and years were 
standardized to fit the GIS Wildfire Safety Division reporting 
standard41.  To estimate the acres burned, the mid-point in the 
fire size range was used. All fires above 5,000 acres were 
assumed to be 5,000 acres. Ignitions were displayed by land 
cover and urbanicity broken down by ignition percentage and 
percentage of estimated acres burned. 

Figure	4.2a:	Map	of	land	type	by	utility	service	area
Utility service areas were downloaded from the CA.gov 
open data portal42. The territories for PG&E, SCE, and 
SDG&E were extracted to help visualize each utility’s land 
cover composition. The land cover from the National Land 
Cover Dataset 2019 raster was downloaded and clipped to 
California43. The 16 classes were remapped into six classes: 
partially developed, highly developed, forest/herbaceous, 
farmland, shrub/scrub, and other. The data was processed 
and visualized with ArcGIS Pro.

Figure	4.2b:	Ignitions	by	object	contact	type
All available yearly reportable ignitions from PG&E, SCE, 
and SDG&E were pulled from the CPUC website and 
merged into a single file44. Types of object contact across 
the utilities and years were standardized to fit the GIS 
Wildfire Safety Division reporting standard45. Ignitions 
normalized by 2021 overhead circuit miles per utility were 
then plotted by type of object contact, year, and utility.

Figure	4.2c:	Map	of	utility	service	area,	
infrastructure,	and	ignitions
Utility service area visualizations were generated with 
multiple shapefiles. Utility service areas were downloaded 
from the CA.gov open data portal46. Utility transmission 
lines were downloaded from the CA.gov open data portal47. 
The service areas and transmission lines for PG&E, SCE, 
and SDG&E were extracted in ArcGIS Pro. All available 
yearly reportable ignitions from PG&E, SCE, and SDG&E 
were pulled from the CPUC website and merged into a 
single file48. Ignitions with accurate latitudes and longitude 
were transformed into a spatial object using Alteryx. 
Visuals for service areas, infrastructure, and ignitions were 
generated with the processed data.

Figure	5.1a:	Map	–	ignitions	and	RFW 
All available yearly reportable ignitions from PG&E, SCE, 
and SDG&E were pulled from the CPUC website and 
merged into a single file49. RFW days were mapped by 
downloading from the historical National Weather Service 
data from the Mesonet website and processing the RFW  
shapefile data50. The RFW data was preprocessed to 

42. https://www.cpuc.ca.gov/industries-and-topics/wildfires

43. https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf	(p.	51)

44. https://www.cpuc.ca.gov/industries-and-topics/wildfires

45. https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf	(p.	54-55)

46.	https://www.cpuc.ca.gov/industries-and-topics/wildfires

47.	https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf	(p.	54-55)

48. https://data.ca.gov/dataset/electric-load-serving-entities-iou-pou

49.	https://www.mrlc.gov/data

50. https://www.cpuc.ca.gov/industries-and-topics/wildfires

51. https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf	(p.	52)

52. https://data.ca.gov/dataset/electric-load-serving-entities-iou-pou

53. https://data.ca.gov/dataset/california-electric-transmission-lines

54. https://www.cpuc.ca.gov/industries-and-topics/wildfires

55. https://www.cpuc.ca.gov/industries-and-topics/wildfires

56.	https://mesonet.agron.iastate.edu/request/gis/watchwarn.phtml

https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf
https://data.ca.gov/dataset/electric-load-serving-entities-iou-pou
https://www.mrlc.gov/data
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf
https://data.ca.gov/dataset/electric-load-serving-entities-iou-pou
https://data.ca.gov/dataset/california-electric-transmission-lines
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://mesonet.agron.iastate.edu/request/gis/watchwarn.phtml
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remove incorrect date ranges (for example, end of RFW is 
before the start) and duplicates. Each RFW day had a 
spatial object created for it in Alteryx. For the RFW visual, a 
1 sq. mi. x 1 sq. mi. grid of California was used to add, 
within each cell, RFW days which were then displayed as a 
heatmap in ArcGIS Pro. The visual overlaid the cleaned 
ignition’s locations and RFW day heatmaps for years 2015, 
2019, 2020, and 2021.

Figure	5.2a:	RFW	growth	since	2009	by	utility	by	
season
See Figure 5.1b for an explanation of RFW square mile 
days. The RFW square mile days were broken down by 
three seasons: Winter (November to March), Early (April to 
May), and Traditional ( June to October). Data was then 
visualized by season, year, and utility.  

Figure	5.3a:	Ignitions	on	warning	vs.	non-warning	
days	
All available yearly reportable ignitions from PG&E, SCE, 
and SDG&E were pulled from the CPUC website and 
merged into a single file51. The suspected initiating causes 
of ignitions across the utilities and years were mapped to 
fit the GIS Wildfire Safety Division reporting standard52. To 
match each ignition to an advisory, historical data for RFW, 
high wind days, and wind advisories were downloaded from 
Mesonet website53. The weather data was preprocessed to 
remove incorrect date ranges (such as the end of warning 
is before the start) and duplicates. Each warning had a 
spatial object created for it in Alteryx. If any of the three 
warnings were in effect during the same time in the 
location of the ignition, the ignition point was tagged with 
the warning. The data was visualized by suspected 
initiating cause, year, and whether a warning was in effect.

Figure	6.2a:	map	–	RFW,	HFTD,	ignitions	overlaid	by	
territory 
See Figure 5.1b for an explanation of RFW square mile 
days. Service areas and transmission lines were 
downloaded from the CA.gov open data portal54. The 
territories and infrastructure for PG&E, SCE, and SDG&E 
were extracted. All available yearly reportable ignitions 
from PG&E, SCE, and SDG&E were pulled from the CPUC 
website and merged into a single file55. HFTDS from the 
CPUC website were downloaded56. Ignitions were overlaid 

with RFW heatmaps and HFTDs. These maps were 
visualized by service area for 2015 and 2021.

Figure	7.1a:	HFTD	vs.	non-HFTD	ignitions	
All available yearly reportable ignitions from PG&E, SCE, 
and SDG&E were pulled from the CPUC website and 
merged into a single file57. HFTDS from the CPUC website 
were downloaded58. The ignitions per utility were spatially 
matched to HFTDs in Alteryx. The ignitions were 
normalized by 2021 utility overhead circuit miles and 
visualized by utility, year, and HFTD classification (HFTD or 
non-HFTD ignition). 

Figure	7.2a:	Fire	season	weather	increases	 
vs.	ignitions
See Figure 5.1b for an explanation of RFW square mile 
days. All available yearly reportable ignitions from PG&E, 
SCE, and SDG&E were pulled from the CPUC website and 
merged into a single file59. RFW square mile days and 
ignitions in fire season ( June to October) were extracted 
and mapped by utility and year.

Figure	7.3a:	Reported	utility	in	HFTD	by	fire	size	
tier,	2015	–	2021
All available yearly reportable ignitions from PG&E, SCE, 
and SDG&E were pulled from the CPUC website and 
merged into a single file.60 Fire sizes across the utilities and 
years were standardized to fit the GIS Wildfire Safety 
Division reporting standard.61 HFTDs from the CPUC 
website were downloaded.62 The ignitions were normalized 
by 2021 utility overhead circuit miles and visualized by 
utility, year, and HFTD classification. 

Figure	7.4a:	WMP	spend	by	HFTD	vs.	OH	circuit	
miles;	inspections	during	Q2-Q3	&	Q1-Q4
WMP spend was pulled from Table 12 of the WMP reports 
for PG&E, SCE, and SDG&E. The sum of all Tier 2 and Tier 
3 HFTD areas was taken for HFTD spend, and non-HFTD 
was broken out separately. OH circuit miles contained a 
similar breakdown of HFTD vs. non-HFTD, included in 
Table 8. For asset inspections, we used WMP data 
contained in Table 1. Q2 & Q3 was used as a proxy for our 
definition of fire season ( June to October), as the 
breakdown was not given monthly.  

57.	https://www.cpuc.ca.gov/industries-and-topics/wildfires

58. https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf	(p.	51)

59.	https://mesonet.agron.iastate.edu/request/gis/watchwarn.phtml

60.	https://data.ca.gov/dataset/electric-load-serving-entities-iou-pou	&	https://data.ca.gov/dataset/california-electric-transmission-lines

61.	https://www.cpuc.ca.gov/industries-and-topics/wildfires

62.	https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking

63.	https://www.cpuc.ca.gov/industries-and-topics/wildfires

64.	https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking

65.	https://www.cpuc.ca.gov/industries-and-topics/wildfires

66.	https://www.cpuc.ca.gov/industries-and-topics/wildfires

67.	https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf	(p.	51)

68.	https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking

https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf
https://mesonet.agron.iastate.edu/request/gis/watchwarn.phtml
https://data.ca.gov/dataset/electric-load-serving-entities-iou-pou
https://data.ca.gov/dataset/california-electric-transmission-lines
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://www.cpuc.ca.gov/industries-and-topics/wildfires
https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2021/wsd-gis-data-reporting-standard-v2.pdf
https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-rulemaking
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11.4	Additional	exhibits

Additional exhibits referenced throughout the paper, but not included in the text are presented below.

Source: CPUC	ignition	data	2015-2021,	BCG	analysis.

Source: CPUC	reported	ignitions	2015-2021,	BCG	urbanicity	database,	BCG	analysis.

Exhibit	11.4a	–	Number	of	utility-caused	ignitions	by	size	tier	over	time,	
2015-2021

Exhibit	11.4b	–	Reported	ignitions	by	land	type	(vegetation	and	urbanicity)

Number of reported utility ignitions by fire size tier (acres burned), 2015-2021
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Source: NOAA	daily	weather	data,	CPUC	ignition	data.
1High-wind	warning/wind	advisory	square	mile	day	defined	as	the	sum-product	of	warning/advisory	area	&	days	in	effect	over	the	course	of	the	year.

Source: 2022	WMPs.

Exhibit	11.4c	–	Total	area	(territory-wide)	affected	by	red-flag	warning	over	
time

Exhibit	11.4d	–	WMP	spend	by	major	spend	categories	in	2020-2021

High wind warning/wind advisory square mile days within utility service area1 , 2009-2021

4 of 6 years since 2015 above average wind warning area;
3 highest wind warning areas since 2009 observed in since 2015 
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Source: CPUC	ignition	data,	2015-2021.

Source: CalFire	Ignition	data,	CPUC	ignition	data	2015-2021,	BCG	analysis.
1Winter	Season	includes	Nov-Dec	of	previous	year(i.e.,	2015	Winter	=	Nov	2014.

Exhibit	11.4e	–	Estimated	acres	burned	by	size	of	fire	for	utility	ignitions,	
2015-2021

Exhibit	11.4f:	Total	California-wide	ignitions	(CalFire)	vs.	Utility/HFTD	 
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