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Abstract
Background. Wildfires can quickly spread or ignite within wildland-urban interface areas, leading to life-threatening scenarios for people who cannot evacuate in time or who become trapped during evacuations. One such example of a dire scenario is the Camp Fire, which occurred in Butte County, California, in 2018.
Aims. To provide insight into lessons learned from the evacuation during the Camp Fire and introduce a contingency, called temporary fire refuge areas, that communities can incorporate into their evacuation planning and response.
Methods. An in-depth case study of the Camp Fire was conducted to reconstruct and understand the conditions and sequence of events of the evacuations during the incident.
Key results. The fire spread into communities within an hour after ignition, burning homes, blocking egress routes, and entrapping hundreds of evacuees. The ad hoc implementation of 31 temporary refuge areas saved the lives of at least 261 civilians and reduced the risk to at least 961 more.
Conclusions. Ad hoc temporary refuge areas facilitated a fortunate outcome with no known accompanying casualties. An intentional, pre-planned identification of suitable areas would enable emergency managers to reduce risk in their communities.
Implications. Communities should expressly consider no-notice and dire scenarios in their evacuation plans and community outreach programs, including temporary fire refuge areas in their fire response plans.
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Summary text 
Thirty-one ad hoc temporary refuge areas (TRAs) were utilized during the Camp Fire, contributing to the life safety of more than 1200 evacuees. Implementing an intentional, pre-planned network of temporary fire refuge areas (TFRAs) can add resiliency to community evacuation plans and facilitate response during no-notice WUI fire events. 

Introduction
[bookmark: _Hlk216331173]Recent wildland-urban interface (WUI) fire incidents have repeatedly shown the critical life safety hazards of rapid fire spread into and through WUI communities, especially during evacuations. Within the past decade, high-profile examples across the United States include the Tubbs (2017), Camp (2018), Marshall (2021), Lahaina (2023), Palisades (2025), and Eaton Fires (2025). International examples include fires impacting Fort McMurray, Canada (2016), Pedrógão Grande, Portugal (2017), Mati, Greece (2018), Mallacoota, Australia (2019), and Viña del Mar, Chile (2024). While the details of each example incident are unique, a common theme is rapid fire spread outpacing the ability to notify and evacuate people safely before the fire impacts the community or evacuation routes. These catastrophic WUI fires spread too fast and burn too intensely to be suppressed before they impact communities and people. 

While an early evacuation, completed before hazardous conditions impact the affected community or evacuation routes, is safest from the perspective of avoiding exposure, the variability of ignition locations, fire spread, and community specifics dictates that evacuation cannot be implemented as a “one solution fits all” approach. Individuals (and, by extension, communities) must have multiple response plans for various scenarios or eventualities, depending on the actual progression of the fire event. Fatalities have occurred in instances where a person’s primary plan to evacuate was not possible or successful, and they were not prepared for an alternative action (Hart 2014). In other cases, individuals’ primary plans may be to stay and defend their property or take shelter (Whittaker et al. 2013; Paveglio et al. 2014; Stasiewicz and Paveglio 2021). However, actual local conditions may become too intense to successfully shelter or defend property as planned (McLennan et al. 2011; Hart 2014), leading to casualties or attempts to evacuate later in dangerous fire conditions. Past studies have identified that delayed and late evacuations are a primary factor in civilian entrapments and fatalities (Haynes et al. 2010; Diakakis et al. 2016). 

However, fast-moving, no-notice WUI fire incidents, when the fire develops so closely or quickly that there is little time to react before it affects life safety, may render even the most expedient evacuations “late.” The concept of wildfire required safe egress time (WRSET) (Ronchi et al. 2019), adapted from the required safe egress time (RSET) in building evacuations, represents the minimum time needed to evacuate a community and is independent of fire spread rate (Kalogeropoulos et al. 2025). From an incident command perspective, it takes time to develop situational awareness, make response decisions, and communicate emergency notifications (Maranghides and Link 2025). Once individual civilians become aware of the hazard, common delays to evacuation include the complex hazard assessment and decision-making process (McNeill et al. 2015; McCaffrey et al. 2018; Forrister et al. 2024) and side trips or intermediate tasks during evacuation (Liu et al. 2012, 2013; Wilkinson et al. 2013; Toledo et al. 2018). Even in an idealized evacuation, with immediate notifications and action taken by evacuees, and without any disturbances or slowdowns associated with smoke or fire, the fire may still arrive and impact evacuations before they can be completed. Dire scenarios can occur when WRSET is less than the available time before the fire impacts, threatening the life safety of evacuees (Cova et al. 2021; Kalogeropoulos et al. 2025).

Such scenarios can lead to burnovers and entrapments, situations where fire overtakes people or traps them in hazardous conditions, requiring protective action and sheltering (Cova et al. 2009; Page and Freeborn 2019); however, survival options are limited. This has been a concern for wildland firefighters for years, before WUI fires increased the direct risks to the public; therefore, safety tactics are an integral part of firefighting operations (Alexander and Thorburn 2015; Page et al. 2019). Two safety tactics include safety zones and temporary refuge areas (TRAs) (Gouette et al. 2014). Firefighters identify these locations as part of their tactical operations in case they need to take shelter from hazardous fire conditions. Safety zones are large areas clear of fuel that provide sufficient separation distance from surrounding fuels, such that personnel will be safe from radiant fire exposures without the use of an emergency fire shelter (Butler and Cohen 1998; Butler 2014; Campbell et al. 2022). [Note that emergency fire shelter refers to the packable aluminum, fiberglass, and silica fabric tent (National Wildfire Coordinating Group 2023), not a specific location or structure.] Guidance states that safety zones should provide a separation distance of eight times the vegetation height (approximately four times the expected flame height) (National Wildfire Coordinating Group 2025). A TRA is less protective yet often more accessible, particularly in the WUI, and may be “anything that protects firefighters from radiant or convective heat” (Gouette et al. 2014). They may be smaller than a safety zone, such as a cul-de-sac, or as simple as the lee side of a structure, which provides a temporary reduction in exposures so that a subsequent safety action may be taken.

When evacuating to safety is not possible, and dangerous exposures are expected based on fuels and the condition of egress routes, any available reduction in exposure can become an option for survival. Two often-discussed alternatives to evacuation include “stay and defend” and “shelter in place” (Paveglio et al. 2008; Paveglio et al. 2010), which have been implemented in past fires to varying extents and degrees of success, either as a primary plan or as an unintended contingency, more akin to a TRA. There is some overlap between the approaches; however, shelter in place is generally regarded as more passive compared to the actions required by a stay-and-defend approach (Handmer et al. 2010; Paveglio et al. 2010). Sheltering choices may include staying at home (often involving attempts to protect the home) or relocating to a refuge area or other safer space (Cova et al. 2009; Blanchi et al. 2018). These approaches may be beneficial in some circumstances, either as contingency plans for individual citizens or for specific community/fire scenarios (Paveglio et al. 2008; Cova et al. 2009; Paveglio et al. 2012; McCaffrey et al. 2015), or as a preplanned response in managed sub-communities or facilities, such as a university (Flynn 2025) or healthcare setting (Hobbs et al. 2025). However, communities and structures are not currently built in a way that prevents their ignition or widespread conflagrations, making shelter-in-place an unfeasible generalized solution (Hart 2014; Handmer et al. 2019; Maranghides and Link 2025). Furthermore, all but the most dedicated and prepared individuals are untrained and ill-equipped to defend against WUI fire conditions (Penman et al. 2013). Many structures are indefensible, further increasing the risks and making stay-and-defend similarly unfeasible as a community approach. Depending on the specific local conditions, different options will require different preparations and have varying efficacy and safety (Paveglio et al. 2008; Cova et al. 2009; Paveglio et al. 2010; Mutch et al. 2011; Hart 2014; Blanchi et al. 2018). 

Civilians have also utilized TRAs, in an ad hoc manner out of necessity, when facing entrapment. There are many anecdotal reports of individuals seeking refuge in pools, shoreline areas, and structures (Weiss and Chawkins 2008; Harding 2013; Acarian 2017; Allday 2017; BBC News 2018; Gafni 2023). The detailed investigations of the catastrophic Black Saturday bushfires in Australia in 2009 describe the circumstances of emergency sheltering, survival, and fatalities of many victims who could not evacuate (McLennan 2010; Teague et al. 2010; Hart 2014; Whittaker et al. 2017). Based on the Commission's recommendations, a more formalized, preplanned version of a TRA or safety zone for community use has been implemented in Australia. Neighbourhood Safer Places (NSP) or Bushfire Places of Last Resort (BPLR) are intended to provide an increased chance of survival in dire situations where other options are no longer viable (NSW Rural Fire Service 2017; CFA (Country Fire Authority) 2020, 2025). Indicated in the name, “safer” indicates that these locations will not necessarily be safe and are not to be a primary plan of refuge. However, the initial study of informal refuge areas during the 2009 fires (McLennan 2010), undertaken to support the development of the NSP‑BPLR, is the only known study, compilation, or published record documenting the use and performance of these areas in fire events.

Given the complexities of evacuations and the variable efficacy of alternatives, research has called for new methods for sheltering and protective actions that span the range of definitions and protection levels, as additional tools and approaches are developed and understood (Cova et al. 2011; Paveglio et al. 2012). This includes case studies of successful shelter use, implementation, and scope (Cova et al. 2009; Whittaker et al. 2017; Blanchi et al. 2018), research about effective placement and location of potential shelters or safe areas (Steer et al. 2017), and decision support tools for at-risk facilities such as healthcare (Hobbs et al. 2025). This study presents the findings and analysis of TRAs used by civilians during the Camp Fire, under the direction and supervision of first responders, which is believed to be the most widespread implementation of this life safety tactic.

The 2018 Camp Fire in Butte County, California, was a landmark WUI fire event characterized by rapid fire spread with near-immediate impacts on evacuations and life safety, leading to loss of life and property, and was the most catastrophic WUI fire in 100 years (Martinez 2018). The fire ignited at approximately 0615 hours on 8 November 2018 (Butte County District Attorney 2020) and had spread a distance of 6 km by 0800 hours, overrunning the community of Concow and burning into the town of Paradise and then Magalia. The quick progression resulted in numerous entrapments of evacuees as the fire burned over roadways and destroyed a majority of the town of Paradise (Maranghides et al. 2021). Much of the damage to the WUI occurred within the first 12 h, with nearly all of it happening within the first 30 h. In total, the fire burned for 17 days, claimed 85 lives, destroyed over 18000 structures, and encompassed more than 62000 ha.

Evacuation orders were requested as the fire spread; however, the rate of spread and extensive communication difficulties reduced the lead time that evacuees had to react. In many areas, fires were burning before an evacuation notice was received, if one was received at all (Maranghides et al. 2023). Regardless of the effectiveness of notifications in this event, the fire's spread rate and direction would have posed hazards to life safety and impacted evacuation. 

This article is a distillation of the detailed accounting of the emergency ad hoc use of TRAs by civilians at the direction of first responders during the Camp Fire (Maranghides et al. 2023) and is the first study of community-scale civilian use of TRAs. This analysis illustrates the scope of TRAs and the lessons learned from this event and proposes a pathway forward for communities to increase preparedness for future events. The recent prevalence of these no-notice WUI fire events demonstrates that evacuation plans must account for WUI fire incidents that preclude safe evacuation, necessitating the development of alternative responses and contingency plans prior to a WUI fire. The authors propose incorporating intentional, pre-planned TRAs as another layer of safety and preparedness for communities at risk of WUI fires. While developed plans may not address or anticipate all incident complications, they can offer additional options for managing life safety in dire WUI fire situations and serve as an advanced starting point for improvisation and flexibility during disaster response (Kreps 1991; Kendra and Wachtendorf 2006; McEntire et al. 2014). 

Methods
A detailed case study was initiated immediately after the fire to reconstruct the timeline of events, beginning with the fire progression timeline as a foundation (Maranghides et al. 2021) and expanding to understand the life safety aspects of the incident (Maranghides et al. 2023). Primary data collection methods included 151 technical discussions with 157 first responders and local officials (primarily firefighters, but also including law enforcement, local officials, public works, and transit service) to systematically document their observations, actions, and first-hand experience. Additional observations were gleaned from a review of available radio logs, photos and videos taken by first responders, Paradise Police Department dashboard cameras, as well as publicly available media and news reports. A survey of residents and evacuees was beyond the scope of the case study, as was a direct assessment of evacuee decision-making or specific behavior analysis. 

Observations were categorized into three general groups: fire, evacuation/life safety, and defensive actions (i.e., firefighting). Evacuation-related data included observations and actions related to emergency notifications, evacuation, traffic, temporary refuge areas, and rescues. Integration of the fire and defensive action data categories with the evacuation-related observation data provided the context needed to understand the incident and the life safety implications (burnovers, entrapments, temporary refuge areas, and traffic flow/management). Specific findings of the fire observations data are available in (Maranghides et al. 2021), and defensive actions data are being analyzed for subsequent reporting. Data and documentation of relevant preparedness and pre-event conditions, such as the community evacuation plan and event response details, including radio logs and evacuation notification timelines, were also incorporated into the analysis. 

Through a comprehensive integration and quality control process, each observation datapoint was assigned a time of day and location. Available radio logs and automatic vehicle location (AVL) tracking records from CAL FIRE (California Department of Forestry and Fire Protection) apparatus, obtained via public records request, were used to refine spatiotemporal observations. Of the 151 technical discussions, 56 had accompanying AVL data and 54 had photos/videos captured during the incident. The database is spatiotemporally precise, with 69 % of data points directly anchored by automatic vehicle location (AVL) tracking records or verified, timestamped, and geolocated media. The remaining 31 % of data points were reconciled within the complete dataset, and most occurred within narrow time windows with low uncertainty. Additional details of the case study methods and the distributions of data sources, times, and categories can be found in the comprehensive reports that are the foundation for this research article (Maranghides et al. 2021; Maranghides et al. 2023). 

The data collection efforts resulted in more than 2500 data points each of fire spread and evacuation-related observations. In combination, the fire spread and behavior observations provided context for the requests for emergency notification and evacuation orders, as well as the progression of the evacuations, including dynamic traffic conditions, rescues, and the use of temporary refuge areas (TRAs).

TRAs were identified in the analysis as any location where civilians or first responders sought relief from fire exposures, or were directed to go to, for risk reduction or evacuation management. The data sources have a bias to include TRAs formed or formalized by first responders. While there are likely additional instances of temporary refuge or brief shelter-in-place by individuals or small groups, there is high confidence that most TRA events are accounted for in the data based on the spatiotemporal coverage of the data sources, and they are representative of the community-scale implementation of TRAs during the incident. All data points relating to each location were compiled and analyzed, along with relevant fire progression observations, to understand and describe the conditions and sequence of events at each TRA. Data density ranged from one to 141 data points at each location (median: 14). Basic details compiled for each TRA include the point location, type of location (parking lot, roadway, natural area, structure), start time, duration, and number of civilians or vehicles involved. Headcounts were determined by a combination of available data and may include exact counts or estimates from first responders who were on scene, as well as those obtained from photos or videos. As a conservative baseline, vehicles were considered to be occupied by a single person. 

Not all TRAs experienced the same level of urgency or hazard due to local fire conditions and site-specific factors. The urgency with which a TRA was formed and the peak hazard level of fire exposures experienced while in the TRA were ranked on a relative scale of low, moderate, or high for each TRA, based on descriptions of the situation, actions, and localized fire conditions in the data. The urgency of formation represents how quickly the individuals present needed to seek safety. Examples of the two extremes include civilians and/or first responders caught in a burnover and needing instant shelter (high urgency), versus using a TRA in the absence of immediate fire exposures to wait for traffic or roadway conditions to improve (low urgency). The peak hazard level describes the maximum exposure level experienced by civilians and/or first responders while in the TRA. High peak hazard was defined as instances in which a TRA formed within a burnover and people were directly exposed to flames. Moderate conditions were defined as significant fire and/or ember exposures that did not pose an immediate danger to life, while low exposures described scenarios where the combination of local fire activity and the size of the TRA resulted in little danger to life safety. Duration of exposure was not a direct factor in determining urgency or peak hazard level.

Results
The integration and analysis of the combined fire and evacuation datasets enabled a reconstruction of the life safety aspects of the incident within the context of the fire progression. Findings provide insight into the overall evacuation sequence, complications and obstructions to the evacuation (i.e., fire and traffic), and the dynamic management of life safety risk to evacuees through traffic management and the utilization of TRAs directed by first responders.

Community evacuation plan
The community evacuation plan in place at the time of the fire divided the community into 33 evacuation zones, including 20 in Paradise and 13 in Magalia, and identified the evacuation routes (Butte County 2018). Figure 1 shows a map of the Camp Fire with the final perimeter outlined and shaded in red, and the ignition location and initial spread vector for reference. Evacuation routes are indicated with blue arrows. Notably, the communities within the Camp Fire are characterized by limited evacuation routes owing to the geography of the foothills. Concow has one route (#1), Paradise five (#2–6), and Magalia two (#6, or through Paradise). Within the town of Paradise, the plan was designed for evacuations of selected zones depending on the fire scenario and included maps, personnel and resource requirements, and communication plans. However, a simultaneous, full evacuation of the town was not considered in the plan; it was understood that such an evacuation would introduce excessive traffic to the road network (D. Hawks, pers. comm.). Also included in the plan were 18 pre-designated “public assembly points” across the three communities (2 in Paradise, 4 in Magalia, 9 in Concow and surroundings, and 3 in other nearby foothill communities). Four of the locations in Concow had signs labeling them as “wildfire safety zones.”

[image: ]
[bookmark: _Ref216873667]Figure 1. Map of the final Camp Fire perimeter with locations and roadways. The fire origin is marked by the ⨂ symbol, with the initial general fire spread direction indicated by the red arrow. The evacuation routes are indicated by blue arrows, and primary roads are marked with bolder black lines.

The community’s general preparedness reinforced the plan, including through recent multiagency emergency management scenario drills, a practiced implementation of contraflow (wherein inbound traffic lanes are reversed to expedite flow outward), and a community education campaign to inform citizens of their evacuation zone and plans. Additional fire preparedness efforts included paving of the northward evacuation route, a county-wide fuel break management program, and an active Fire Safe Council (www.buttefiresafe.net).

This background is provided as context for the catastrophic scenario that the community faced during the Camp Fire and the necessary incidental improvisations (Cunha et al. 2022) first responders made to adapt their training and utilize TRAs to save lives. This incident demonstrates that even communities considered relatively prepared compared to other at-risk communities can benefit from improvements, and highlights that many less-prepared communities would benefit from comprehensive evacuation and response planning.

Initial timeline
Conditions in the community of Concow, located over a ridge and 5 km from the ignition point, deteriorated quickly after the first spot fires were observed by 0725 hours, approximately one hour after the initial ignition. First responders attempted to notify the community with vehicle-mounted speakers and door-to-door messaging. Fire was well-established in the community by 0750 hours, blocking the lone evacuation route (#1 in Figure 1) for approximately 250 residences. 

In Paradise, the rapid fire spread and widespread ignition of spot fires ahead of the main fire front increased the coverage of fire early in the evacuation process. The first spot fire in Paradise ignited 12 km southwest of the origin at 0749 hours, only three minutes after the first evacuation orders in Paradise were requested at 0746 hours. The direness of the incident became apparent, and first responders initiated a complete community evacuation at 0803 hours. Many people began evacuating before official orders were announced, and many never received an official notification. At least 30 spot fires had ignited in Paradise by 0830 hours when the main fire front impacted the eastern edge of the town (Maranghides et al. 2021). By 0900 hours, fire was blocking one of the evacuation routes (#2 in Figure 1), spot fires were continuing to ignite throughout the town (4 km and further into the community), and roadways were filled with people attempting to evacuate (Maranghides et al. 2023).

Conditions forced the use of TRAs
The arrival of fire preceded evacuations in Concow and was nearly coincident with the onset of evacuation in Paradise, quickly threatening the safety of evacuees and blocking evacuation routes. In Concow, the only evacuation route (#1) was blocked or impacted by fire between 0745 hours and 0930 hours. In Paradise, the northern route (#6) and  multiple southern routes were blocked simultaneously (in varying combinations of #2–5) between 0945 hours and 1400 hours during the peak of evacuations (Maranghides et al. 2023). A significant number (n=23) of burnovers, events in which fire overtook or directly entrapped evacuees or first responders, were identified in the case study (mapped in Figure 2); 17 events directly impacted a total of 300–500 evacuating civilians (Maranghides et al. 2021; Link and Maranghides 2023). 

In response to the hazardous conditions and blocked evacuation routes, first responders resorted to using ad hoc temporary refuge areas (TRAs) during the incident to protect evacuees. Thirty-one locations, mapped in Figure 2 and listed in Table 1, were identified through this post-fire case study. TRAs were selected to leverage immediately accessible natural and/or manmade features, and included 14 parking lots, 7 roadways, 6 structures, 3 unmaintained natural areas, and 1 maintained natural area. These locations played an influential role in the life safety of at least 1200 to 2100 evacuees by reducing exposures compared to unmitigated burnovers and by preventing travel on compromised evacuation routes. The estimate increases to as many as 3300 civilians (approximately 8 % of the population) if the average number of people per vehicle is assumed to be two instead of one. 

[image: ]
[bookmark: _Ref215054711]Figure 2. Map of Paradise, CA, showing the location of the 31 identified temporary refuge areas (letter ID in squares) and the extent of 23 identified roadway burnovers (red shaded areas with number ID in circles, not all visible on map). The inset at upper left shows the map area in relation to the final perimeter of the fire.


[bookmark: _Ref215054666]Table 1. Summary of temporary refuge areas utilized during the Camp Fire.
	
	
	
	
	
	
	
	
	
	Civilian Headcount
	
	

	ID
	Location Name
	Start 
(hours)
	End 
(hours)
	Urgency
	Peak 
Hazard
	Relation to Burnover
	Type
	Area
(ha)
	People
	Vehicles
	Duration
(hh:mm)
	FFA

	A
	Camelot Meadow
	0755
	1000
	High
	High
	Direct & indirect
	Natural (Maintained)
	3.37
	70–85
	24–30
	02:05
	No

	B
	Hoffman Road
	0800
	0823
	High
	High
	Direct
	Natural
	0.06
	24
	10–15
	00:23
	No

	C
	Concow Road (emergency bulldozed area)
	0827
	0847
	High
	High
	Direct
	Natural
	0.15
	30–45
	—
	00:20
	No

	D
	Chris Court
	0845
	0925
	Mod
	Mod
	n/a B
	Roadway
	0.30
	—
	6
	00:40
	Yes

	E
	Feather River Hospital
	0900
	1500
	High
	Mod
	Direct & indirect
	Parking Lot
	1.38
	65–115 C
	50–110
	06:00
	Yes

	F
	Concow Road (gravel parking area)
	0905
	0930
	Mod
	Mod
	n/a
	Parking Lot
	0.08
	15–25
	—
	00:25
	—

	G
	Ponderosa Elementary School
	0907
	1000
	High
	Mod
	n/a
	Parking Lot
	0.28
	—
	6
	00:53
	No

	H
	Chloe Court
	0920
	1115
	High
	High
	Direct
	Structure
	0.31
	7–14
	2
	01:55
	Yes

	I
	Bille Road
	0930
	1200
	High
	High
	Direct
	Roadway
	0.31
	—
	70–100
	02:30
	Yes

	J
	Pearson Road
	0935
	1018
	High
	High
	Direct
	Natural
	0.29
	—
	30–70
	00:43
	No

	K
	Paradise Plaza Shopping Center
	0945
	1745
	Low
	Low
	Indirect
	Parking Lot
	2.32
	—
	350–550
	08:00
	Yes

	L
	Paradise Police Dept/Fire Station 81
	0945
	1441
	Low
	Low
	n/a
	Structure
	0.37
	30–60
	0
	04:56
	Yes

	M
	Paradise Baptist Church
	1017
	1245
	Mod
	Mod
	n/a
	Parking Lot
	0.21
	—
	4–6
	02:28
	Yes

	N
	Wagstaff Road
	1030
	1255
	Mod
	Mod
	Direct & indirect
	Roadway
	0.49
	—
	100–200
	02:25
	—

	O
	Fire Station 82
	1055
	1200
	Low
	Mod
	n/a
	Structure
	0.11
	10–20 C
	20–30
	01:05
	Yes

	P
	Walgreens
	1055
	1430
	Mod
	Mod
	Indirect
	Structure
	0.55
	100–140
	—
	03:35
	Yes

	Q
	Ace Hardware
	1114
	1300
	Low
	Mod
	Indirect
	Parking Lot
	0.53
	—
	—
	01:46
	Yes

	R
	Beyond Fitness
	1115
	1230
	Mod
	Mod
	n/a
	Parking Lot
	0.34
	—
	3
	01:15
	No

	S
	Optimo
	1115
	1630
	Low
	Mod
	Indirect
	Structure
	0.34
	180–220
	—
	05:15
	Yes

	T
	Best Western
	1130
	1311
	Mod
	Mod
	Indirect
	Parking Lot
	0.70
	—
	15–20
	01:41
	Yes

	U
	Magalia Community Church
	1215
	1241
	Mod
	Mod
	n/a
	Parking Lot
	0.57
	—
	—
	00:26
	Yes

	V
	CMA Church
	1220
	1725
	Low
	Low
	n/a
	Parking Lot
	2.56
	—
	50–250
	05:05
	Yes

	W
	Paradise Shopping Center
	1300
	1530
	Low
	Mod
	n/a
	Parking Lot
	0.75
	20–40
	—
	02:30
	No

	X
	Firland Drive
	1334
	1358
	Mod
	Mod
	Direct
	Roadway
	0.11
	n/a D
	n/a
	00:24
	No

	Y
	Magalia Pines Baptist Church
	1337
	2300
	Low
	Mod
	n/a
	Parking Lot
	0.93
	80–130
	—
	09:23
	Yes

	Z
	Magalia SavMor
	1715
	2200
	Low
	Low
	n/a
	Parking Lot
	0.39
	10–40
	—
	04:45
	—

	AA
	Rite Aid
	1900
	2800
	Low
	Mod
	n/a
	Structure
	0.55
	40–60
	—
	09:00
	Yes

	BB
	Skyway and Coutolenc Road
	2500
	2600
	High
	Mod
	Direct
	Roadway
	0.32
	n/a
	n/a
	01:00
	No

	CC
	Magalia Dam (Skyway)
	2548
	2557
	Mod
	Low
	Indirect
	Roadway
	0.17
	—
	1
	00:09
	No

	DD
	Pine Ridge School
	3124
	3244
	High
	Mod
	Direct
	Parking Lot
	1.25
	n/a
	n/a
	01:20
	Yes

	EE
	Concow Road and Pinkston Canyon Road
	3127
	3145
	High
	High
	Direct
	Roadway
	0.06
	n/a
	n/a
	00:18
	No


Mod, moderate; n/a, not applicable; FF, firefighting; —, no data/unknown. Start and end hours correspond to 8 November 2018, with times greater than 2400 hours corresponding to 9 November (e.g., 2500 hours corresponds to 0100 hours on 9 November).
A FF: Firefighting; yes/no: were any defensive actions taken at or near the TRA to reduce fire exposures
B n/a: the TRA was not used in relation to a specific burnover occurrence
C the count of people and vehicles are additive in these instances
D n/a: TRAs with n/a headcounts were utilized by first responders only
Some TRAs were necessary as a direct emergency response to a burnover (n=12). Generally, these instances were classified as having a high urgency due to the dangerous exposures from flames and radiation. In these cases, the peak level of hazard experienced in the TRA was often classified as high. Locations were chosen as the best immediately available option and may not have provided much protection or separation from the flames. Examples include TRA‑B in Concow (Figure 3a), which consisted of 24 civilians who were directed to seek refuge in a creek bed using two emergency wildland fire shelters provided by firefighters as they were burned over, and TRA‑J in Paradise, where stopped traffic was overtaken by fire (Figure 4a), and firefighters rushed 30–70 vehicles into a cleared residential property to get out of the flames. In total, 11 TRAs were formed with high urgency, and 7 experienced high peak hazard levels. It is estimated that between 261 and 416 individuals, assuming one person per vehicle, were involved in at least one high-urgency TRA. Three high-urgency TRAs involved only first responders.

Other TRAs were important for risk reduction but were relatively less urgent, as the immediate fire exposures were not as extreme. These areas were sometimes indirectly related to specific burnovers or, in other cases, were used primarily for risk and traffic management to prevent evacuees from encountering hazardous conditions known to be further down the road (such as fire, debris, and power lines), and to coordinate further evacuation. One example is TRA‑K, located in the large parking lot of a shopping center in central Paradise (2.32 ha, with approximately 500 marked spaces, Figure 3b). The TRA was initially formed as an indirect response to nearby burnovers and to clear the roadway as the fire spread closer to stopped traffic. As a large, cleared area, it provided a relatively safe location to gather evacuees, and fire exposures were relatively low. Later in the morning, as the scope of TRA use in Paradise became evident, and in the afternoon and into the night, as subsequent operations and incident management progressed, this TRA became a central hub to which 7 other TRAs were consolidated to facilitate safety and coordinate the final evacuation. 

[image: ]
[bookmark: _Ref216189480]Figure 3. Post-fire aerial maps and ground-level photographs depicting the range of scales and locations of TRAs used during the Camp Fire. (a) TRA-B at the creek crossing along Hoffman Road in Concow; high urgency, high peak hazard, used for immediate life safety. (b) TRA-K at a large commercial parking lot in central Paradise; lower urgency, low peak hazard, used tactically to manage traffic and evacuations. 
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[bookmark: _Ref216787407]Figure 4. Photographs illustrate differences in local exposure conditions between two TRAs. (a) Extreme fire exposures to stopped traffic on Pearson Road necessitated the use of TRA-J (high urgency, high peak hazard). Photo courtesy of CAL FIRE. (b) Fire surrounding TRA-S presented a moderate hazard level to the TRA; civilians are seen gathered in the parking lot and commercial structure. Photo courtesy of Paradise Police Department.


Management of TRAs
TRAs were utilized for two primary reasons: 1) as an emergency refuge in response to local fire conditions, and 2) for risk management to prevent evacuees from encountering high exposures along evacuation routes and to coordinate traffic. In all but one documented case, TRAs were formed under the direction and supervision of first responders, including fire department and law enforcement personnel. While first responders were not always present at each location, TRAs were actively managed throughout their duration, including leadership and situational awareness, fire suppression, and coordination of their ultimate evacuation.

The large number of concurrent TRAs (up to 12) across a wide area presented a complex operational scenario. The dynamic nature of WUI fire incidents and rapidly changing local conditions made the expertise, situational awareness, and communication of first responders key to the success of the TRAs, both in determining when and where to implement them, and in the subsequent actions to move, consolidate, and defend them. Figure 5 shows a stylized map diagram illustrating the relationships between burnovers and TRAs (indicated by the red arrows), as well as between individual TRAs (indicated by the teal arrows). 
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[bookmark: _Ref215646896]Figure 5. Diagram map showing the relationship among TRAs (letter ID in squares) and burnovers (number ID in circles).



Half of the TRAs (17/31) have a record of some type of defensive action taken by first responders to reduce or suppress fire exposures. Three locations stand out as examples, including a residential structure at Chloe Ct (TRA-H), the intersection of Bille Road and Pentz Road (TRA‑I), and a small commercial parking lot at the “Optimo” restaurant and bar (TRA-S). Defensive actions at these locations were critical to maintaining the tenability of the TRAs and preventing fire from encroaching further. At TRA‑H, first responders actively cleaned debris from the roof and around the structure, using garden hoses to extinguish embers and spot fires, while civilians sheltered in the garage. At TRA-I, a cluster of 70–100 vehicles were stuck in an intersection as fire burned against them. Luckily, a fire engine was able to connect to a working fire hydrant to shower the group of vehicles with a monitor nozzle. At TRA-S, traffic was gridlocked, and the three roadways were blocked by fire. Approximately 200 civilians were directed by first responders to abandon their vehicles to gather on foot in a small (0.3 ha) commercial parking lot and inside an unfinished 1-story commercial building under construction. Several fire engines patrolled the area, keeping the nearby gas station, restaurant, and commercial buildings from igniting, and putting out several spot fires (Figure 4b). Other known defensive actions taken at the 17 defended TRAs included infrastructure protection and exposure reduction, ranging in size from suppressing large structure fires to extinguishing small shrubs ignited by embers. 

TRAs were monitored and supervised by first responders to manage risk and coordinate evacuations as safely and quickly as possible. TRAs formed in dangerous situations were as short in duration as required by the conditions. As soon as feasible, TRAs were relocated to a safer location, or civilians were completely evacuated from the fire area. Eleven TRA-to-TRA movements to consolidate evacuees in safer locations were identified, illustrated by the teal arrows in Figure 5. Fire and roadway conditions determined the immediate actions and occasionally required stops at intermediate TRAs before final evacuation was possible. For example, burnover BO-1 caused the need for TRA-B. In an attempt to reach the safer area at TRA-A, conditions again trapped the people involved, necessitating TRA-C. Ultimately, the group was able to access TRA-A, where they waited for the fire conditions along the evacuation route to improve, allowing them to be escorted out of the fire area.

Nine TRAs were ultimately evacuated by transporting people in emergency apparatus or buses, or by convoys of vehicles led by a first responder. The largest instance was the central hub at TRA-K, which operated for about 8 h, as people waited for the evacuation routes to become safe and first responders cleared a safe passage through debris, abandoned vehicles, and downed power lines. Facilitated by public transit buses organized through the incident command, between 350 and 550 people were transported or escorted out of TRA-K between 1700 hours and 2300 hours. 

Discussion
Performance and limitations of TRAs
Overall, the TRAs used during the Camp Fire performed successfully, largely due to firefighter improvisation and adaptation of their training to enhance civilian life safety. However, the success of TRAs was not guaranteed, and it was fortunate that there were no significant injuries reported. Owing to the emergency circumstances, civilians were exposed to dangerous situations in several of the most urgent cases; many had high potential for casualties if circumstances were slightly different. While none of the identified TRAs were unsuccessful to the extent that they resulted in fatalities, some TRAs provided only a minimal reduction in exposures (e.g., TRA-B, TRA-C, TRA-J), requiring subsequent actions. Others benefitted from direct exposure reduction by firefighters (e.g., TRA-I). 

No unsuccessful TRAs were identified in a review of the 85 incident fatalities (Butte County District Attorney 2020; Maranghides et al. 2023). Nineteen victims were believed to be attempting to evacuate or flee, including 10 in or near vehicles; however, they were not in locations that would be described as TRAs. For instance, a group of five victims were in and near their vehicles that were burned over on a one-lane, unpaved driveway through vegetation with no setback or cleared area. Most of the victims (59) were found inside their homes, although the circumstances and intentions of each victim are not known (such as whether they intentionally sheltered in place, were caught unaware, were unable to evacuate, or were otherwise forced to stay in place). Notably, at least half of these victims were reported to have a pre-existing condition limiting their ability to evacuate.

The ad hoc use of TRAs presents several limitations, including: 
· Locations may not provide adequate protection or separation distances to surrounding fuels, leading to extreme exposures and potential casualties.
· Performance (i.e., exposure reduction or prevention) may rely on first responders to be present to provide instructions and defensive actions. This may not be achievable in fast-moving or large-scale incidents. Furthermore, fire suppression may not be effective in the highest exposures or for long durations.
· TRAs require additional ad hoc operational decisions that can challenge communications systems and make the management of life safety of occupants more difficult.
· Ad hoc TRAs do not provide for respiratory protection of occupants, who will likely be exposed to smoke for extended periods of time, even if fire exposures are minimized.
While the first three limitations were overcome during the Camp Fire, it may not be the case for future incidents. Therefore, thoughtful preplanning for events in which evacuation may not be possible can provide valuable improvements to life safety.

Pre-planned temporary fire refuge areas
The speed of the Camp Fire underscores the importance of evacuation and response plans that explicitly include scenarios where immediate evacuation out of the fire may not be possible. The extensive use of ad hoc TRAs during the incident was consequential in the life safety of trapped evacuees and illustrates a potential path forward in preparation and response for communities at risk. However, ad hoc implementation of TRAs in future events could lead to catastrophic outcomes, especially if they are implemented myopically (Cunha et al. 2022) and safer response options are available, or if subsequent rescue and TRA management operations do not develop favorably, as they did in the Camp Fire. In many cases, not all risks can be eliminated; however, if evacuation and response plans include provisions for how a community can respond in these events to mitigate the risks, fatal burnovers may be prevented.

One approach is to adapt from improvisation into pre-planning, formalizing the concept of ad hoc TRAs and creating a pre-identified network of refuge areas. For these locations, the authors propose the terminology of temporary fire refuge area (TFRA) to distinguish it from the existing concepts of TRAs, safety zones, and NSP-BPLR:
Temporary – use of TFRAs is not a “permanent” evacuation option or a long-term shelter; the duration of refuge will be dictated by the event and local conditions and will require a subsequent action.
Fire – specifies that the area is selected specifically for fire events and may not be suited to other disasters. For example, the area may not meet requirements to provide temporary refuge during a flooding event. 
Refuge – this word choice differentiates TFRAs from safety zones. Taking refuge in a TFRA offers relative protection but still carries risk; it is not a guaranteed safe location.
Area – indicates that it’s the designated open space that is to be used, clarifying that the TFRA is not a building or a fire shelter.
TFRAs can serve as dedicated areas to bridge the current gap in life safety that occurs when there is not enough time for people to safely evacuate before the fire overruns their position or egress route, and people cannot safely shelter in their homes or other buildings, as they are likely to ignite and burn. TFRAs should not be viewed as a substitute for early evacuation when there is sufficient time to reach safety. Regardless of the eventual nomenclature, the intent of this pre-planning would be to mitigate the limitations of ad hoc TRAs by incorporating them into operational plans. For example, Marin County in California has recently (since 2023/2024) incorporated TRAs and “community refuge areas” (CRAs) into their evacuation planning, including schools, parks, and dozens of locations across the county (Fire Safe Marin 2025). 

Assessment and use of TFRAs
Presently, there are no standards for the design or physical requirements of TFRAs; however, the best locations will have large open spaces clear of fuels. In many existing communities, the amount of space required to meet the definition of a safety zone may be prohibitive to establishing one or more safety zones (or NSP-BPLR (CFA (Country Fire Authority) 2020)). Alternatively, various existing locations may be suitable as a TFRA, including natural or manmade geographic features. Examples of areas that may be evaluated for potential use as TFRAs include clearings, gravel areas and parking lots, and well-maintained parks or other irrigated green spaces, such as golf courses or athletic fields. Areas to avoid using as TFRAs include heavily wooded areas with understory fuels, areas near combustible structures and objects, areas of flashy fuels (e.g., unburned tall dry grass), and high-density residential areas, which can ignite and result in structure-to-structure fire spread and very high exposures. Ignition-resistant buildings (e.g., cinder block-type construction) can act as buffers for radiation, but ignition of the buildings and their contents is possible even if firefighters are present. The presence of firefighters to reduce or protect TFRAs from surrounding exposures cannot be guaranteed in rapidly developing or large-scale incidents. Nevertheless, selecting locations near a water source or installing an emergency tank available for use by first responders may provide an added benefit in the event that it may be used for exposure reduction. 

Consistent with the role of TRAs during the Camp Fire, the two main functions of TFRAs will be to prevent evacuees from being caught in burnovers (overrun by fire while evacuating) and to prevent people from being trapped in burning structures. Conditions in TFRAs can still be very dangerous, and they should only be used as a last resort. The potential dangers present in a TFRA can only be justified when compared to the severe conditions experienced in a burnover or when entrapped in a burning building. To mitigate some of the risks, established locations could be outfitted with a permanent storage cabinet containing particulate masks and emergency fire shelters, for example.

While the communities affected by the Camp Fire had identified 18 “public assembly areas,” some of which were labeled as “wildfire safety zones,” only four of them had documented use as TRAs during the incident (four others were exclusively used for operations staging; three others were completely inaccessible due to fire; one other was outside of the fire area). In comparison, the large number of 31 TRAs, and several instances where multiple TRAs were required, show that an expansive network of locations is beneficial. Depending on the fire scenario, individual TFRA locations may be inaccessible, or several may be needed to accommodate the number of evacuees or changing conditions. Community and first responder knowledge of these locations beforehand will contribute to their utility, and a comprehensive pre-incident education campaign will be necessary to inform everyone involved, including mutual aid responders. Signage marking the TFRAs will help familiarize both the public and first responders with their locations before and during an event. 

As an integrated part of community evacuation plans, first responders will also need to be familiar with the location and use of TFRAs during incidents. It is unlikely that first responders will be available to protect each TFRA due to factors including incident speed, scale, and blocked access. However, first responders will need to monitor TFRAs as the incident develops and facilitate relocation or evacuation of civilians from TFRAs as conditions allow. 

Conclusions
The training, awareness, and quick thinking of first responders during the Camp Fire resulted in the use of temporary refuge areas (TRAs) to protect the lives of hundreds of civilians when fire overtook the community at the height of evacuations. As a last resort, civilians were directed to take refuge in at least 31 different TRA locations, including parking lots, intersections, and open space natural areas. However, the fortunate outcome was not guaranteed. These dangerous situations could have resulted in dozens more fatalities if the individual circumstances were different and TRAs or first responders were not available. Even so, TRAs remain an important response action to manage life safety during future events, and first responders should be aware of suitable locations during their normal operations. 

Looking forward, adapting the ad hoc use of TRAs from a firefighter safety operation into an intentional, pre-planned system of rapidly accessible fire safety zones and temporary fire refuge areas (TFRAs) can add a layer of resiliency to community evacuation plans and facilitate response during no-notice WUI fire events. Identifying, maintaining, and communicating the location and emergency conditions dictating the immediate use of pre-planned safety zones and TFRAs throughout communities will increase the safety of communities at risk of WUI fires. Given the similarities between several catastrophic WUI fires affecting evacuations in recent years, it is now unlikely that these are anomalous incidents, and future challenging fire/evacuation events are to be anticipated.

In the future, specifically designed and standardized fire shelters (ignition-resistant buildings for community-scale use) may be able to provide another option offering a higher level of protection, and more structures and communities may be mitigated against catastrophic fire spread. Until then, contingencies are necessary to provide for life safety in dire scenarios where safe evacuation or shelter-in-place is not possible. 
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Figure and Table Captions

Figure 1. Map of the final Camp Fire perimeter with locations and roadways. The fire origin is marked by the ⨂ symbol, with the initial general fire spread direction indicated by the red arrow. The evacuation routes are indicated by blue arrows, and primary roads are marked with bolder black lines.
Figure 2. Map of Paradise, CA, showing the location of the 31 identified temporary refuge areas (letter ID in squares) and the extent of 23 identified roadway burnovers (red shaded areas with number ID in circles, not all visible on map). The inset at upper left shows the map area in relation to the final perimeter of the fire.
Figure 3. Post-fire aerial maps and ground-level photographs depicting the range of scales and locations of TRAs used during the Camp Fire. (a) TRA-B at the creek crossing along Hoffman Road in Concow; high urgency, high peak hazard, used for immediate life safety. (b) TRA-K at a large commercial parking lot in central Paradise; lower urgency, low peak hazard, used tactically to manage traffic and evacuations. 
Figure 4. Photographs illustrate differences in local exposure conditions between two TRAs. (a) Extreme fire exposures to stopped traffic on Pearson Road necessitated the use of TRA-J (high urgency, high peak hazard). Photo courtesy of CAL FIRE. (b) Fire surrounding TRA-S presented a moderate hazard level to the TRA; civilians are seen gathered in the parking lot and commercial structure. Photo courtesy of Paradise Police Department.
Figure 5. Diagram map showing the relationship among TRAs (letter ID in squares) and burnovers (number ID in circles).
Table 1. Summary of temporary refuge areas utilized during the Camp Fire.
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