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15 Abstract

16 Wildfires in North America have become more frequent and intense in recent 

17 years. This increase can be attributed to climate change, which has led to higher 

18 temperatures and altered precipitation patterns, creating conditions that favor wildfires. 

19 In addition, human activities, such as land development, forest management practices, 

20 and the ignition of fires, further contribute to the rising incidence of wildfires, as they 

21 increase the likelihood of fire outbreaks in certain areas. Wildfire smoke can cause 

22 adverse health impacts, creating an urgent public health concern. Some strategies to 

23 reduce wildfire smoke exposure include indoor air filtration, clean air centers, and 

24 cancellations of outdoor events when necessary. Wildfire smoke preparedness and 

25 response plans (wildfire smoke plans) play a crucial role in coordinating and 

26 implementing these strategies across jurisdictions during wildfire smoke events. This 

27 study compares wildfire smoke plans developed by jurisdictions and institutions in the 

28 United States and Canada, including counties, cities, states, provinces, and universities. 

29 We used qualitative content analysis methods to assess the characteristics of 20 

30 wildfire smoke plans. The majority of plans utilize risk reduction strategies such as air 

31 quality monitoring, risk communication, and guidance for household-level exposure 

32 reduction. Wildfire smoke plans are a relatively new emergency response strategy; as 

33 such, a “gold standard” set of plan components has yet to be established. As a result, 

34 there were significant variations in the plan components we reviewed. Future research 

35 should evaluate the efficacy of existing wildfire smoke plans to identify best practices 

36 and gaps. The findings from such evaluations can inform the development of a 
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37 standardized framework for preparedness and targeted outreach programs for 

38 susceptible populations. By grounding future frameworks in evidence from existing 

39 plans, jurisdictions can strengthen their wildfire smoke preparedness and response 

40 efforts, ultimately protecting public health more effectively.

41 Background

42 Wildfires in North America have become more frequent and intense in recent 

43 years [1]. This is in part due to greenhouse gas emissions driving anthropogenic climate 

44 change, as hotter temperatures create more arid environments, making vegetation drier 

45 and more susceptible to burning [2,3]. This pattern is likely to continue as greenhouse 

46 gas emissions increase, and the ramifications of already front-loaded emissions are 

47 realized, leading to persistent drought conditions, longer fire seasons, and an overall 

48 increase in fire severity [4]. Another contributor to increased wildfires is human activity; 

49 land management practices such as fire suppression can lead to fuel accumulation [5]. 

50 In addition, human-caused fires account for the majority of wildfires in the United States 

51 and have expanded the seasonal extent of wildfire events [6].

52 Wildfire smoke contains harmful components such as fine particulate matter 

53 (PM2.5), volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), 

54 gases (e.g., CO, SO2, NO, NO2), and metals, which degrade outdoor and indoor air 

55 quality [7]. Fine particulate matter is of greatest concern to human health because it can 

56 be inhaled deep into the lungs due to its small size, where it can irritate and corrode the 

57 alveolar wall, consequently impairing lung function [8,9]. Wildfire smoke exposure can 

58 lead to significant physical and mental health outcomes by exacerbating cardiovascular 
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59 and respiratory conditions, reducing sleep quality, and heightening anxiety [7-8, 10-11]. 

60 For example, emergency department visits in California were collected from 2006-2017 

61 for asthma, chronic obstructive pulmonary disease, and cough, indicating an increase 

62 from 30% to 110% following wildfire smoke exposure [12].

63 Certain populations, such as children, older adults, and pregnant people, as well 

64 as people with cardiovascular and respiratory diseases such as asthma and chronic 

65 obstructive pulmonary disease, face greater risk from wildfire smoke exposure [13-15]. 

66 Additionally, certain populations, such as people of color, people with lower incomes, 

67 and Indigenous communities, experience disproportionate wildfire smoke exposure and 

68 face structural barriers that limit access to resources to reduce exposure and mitigate 

69 health impacts [16-18]. This disparity is further demonstrated in a recent air quality 

70 modeling study which found that Black and Indigenous populations face greater 

71 exposure to wildfire-related PM2.5 than other racial groups [19]. Renters also face 

72 elevated risk since they may not be able to invest in ventilation or filtration measures, 

73 and landlords may neglect such investments [20].

74 In the United States (U.S.), jurisdictions prepare for natural hazard-related 

75 emergencies through hazard mitigation and emergency response planning processes 

76 guided by the Federal Emergency Management Agency (FEMA). To guide risk-informed 

77 hazard mitigation, FEMA primarily publishes guidance related to hazards that affect 

78 infrastructure, with limited wildfire smoke-specific guidance for public health 

79 preparedness and response [21-22]. Similarly, in Canada, emergency management is 

80 coordinated through federal, provincial, and territorial emergency management 

81 frameworks led by Public Safety Canada [23]. Similar to extreme heat, wildfire smoke is 
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82 largely not a threat to infrastructure and therefore not consistently incorporated into 

83 emergency operation and response plans. As jurisdictions across North America 

84 experience more frequent and widespread wildfire smoke events affecting large 

85 populations, many have recognized the need to develop wildfire smoke-specific 

86 preparedness and response plans to coordinate public health actions and reduce 

87 smoke-related health impacts. Therefore, wildfire smoke preparedness and response 

88 plans (wildfire smoke plans) are a relatively new and non-standardized emergency 

89 response strategy. This study aimed to characterize this variation by assessing the 

90 content of publicly available wildfire smoke plans developed by jurisdictions (counties, 

91 cities, states, territories, provinces) and academic institutions in the U.S. and Canada. 

92 Methods

93 We conducted a qualitative content analysis of wildfire smoke plans using 

94 methods previously developed to systematically assess and analyze extreme heat plans 

95 [24]. 

96 Plan Identification

97 Two study team members identified search terms (S1 Table) and used Google to 

98 identify publicly available wildfire smoke plans. Additional plans were identified using the 

99 Environmental Law Institute’s State Policies for Reducing Indoor Exposure report, which 

100 summarizes state-level policies and strategies related to wildfire smoke exposure 

101 reduction and indoor air quality protection [25].
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102 Plans were selected for review based on the inclusion and exclusion criteria in 

103 Fig 1.

104 Fig 1. Exclusion and Inclusion Criteria for Wildfire Smoke Plans.

105 We included plans that were created or updated between 2014 and 2026, based 

106 in the U.S. or Canada, publicly available, and implemented by government agencies or 

107 universities. We excluded plans that did not meet the above criteria or were not specific 

108 to wildfire smoke, were written for prescribed fire management, or were written for a 

109 specific company, organization, or building.

110 Codebook Development

111 We developed a survey in REDCap to collect plan characteristic data, with each 

112 entry representing one plan and each question representing a plan component or 

113 strategy (S1 Appendix). We developed the survey using both deductive and inductive 

114 methods. The Environmental Protection Agency (EPA)’s Wildfire Smoke: A Guide for 

115 Public Health Officials and Environmental Law Institute’s Wildfire Smoke Report were 

116 used to identify evidence-based wildfire smoke exposure reduction strategies, while 

117 FEMA’s Local Mitigation Planning Policy Guide, and A Content Analysis of Heat Action 

118 Plans in Local United States Jurisdictions informed the organization and structure of the 

119 survey [21, 24-26]. The survey was inductively edited after reviewing three sample 

120 plans to identify commonly implemented components and strategies for inclusion. Three 

121 team members co-coded the three sample plans independently to ensure clarity of 

122 codebook definitions. After reviewing discrepancies and making revisions for clarity, the 

123 survey was finalized for data collection.
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124 Plan Review and Analysis

125 At least two team members reviewed and coded each plan using the REDCap 

126 survey. We then quantified the survey responses in Excel and analyzed the data to 

127 understand common strategies and gaps.

128 Results

129 Plan Characteristics

130 We collected and analyzed 20 wildfire smoke plans that met our inclusion criteria 

131 (S2 Table). The plans represented jurisdictions and one university throughout the 

132 Western U.S. and Canada. The population size of the U.S. plans’ jurisdictions ranged 

133 from 7,500 to 39 million, with a median of 800,00 [27]. In Canada, the population sizes 

134 of provinces and territories ranged from 40,000 to 14 million, with a median of 5 million 

135 people [28]. Of the analyzed plans, 15 (75%) were standalone wildfire smoke plans. 

136 Three plans (15%) were all-hazards plans or wildfire plans with a chapter or annex 

137 specific to wildfire smoke. Two plans (10%) were combined wildfire smoke and heat 

138 plans. 

139 Fig 2A and B illustrate the geographical distribution of the wildfire smoke plans 

140 analyzed. Fig 2A (left) illustrates the geographical distribution of analyzed wildfire 

141 smoke plans at the city and county levels across the United States. Fig 2B (right) 

142 highlights the states, territories, and provincial-level plans included in our study, 

143 illustrating the concentration of plans in the Western United States and Canada. 

144 Fig 2. Geographical Distribution of Analyzed Wildfire Smoke Plans.
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145 A) U.S. City and County-level plans (2014-2026). B) States, Territories, and Provincial-

146 level plans (2014-2026).

147

148 Table 1 summarizes key plan components identified across the 20 analyzed 

149 plans. The table presents the frequency and percentage of plans that included specific 

150 strategies related to plan activation, coordination, risk communication, and exposure 

151 reduction strategies at both the household and community levels.

152

153 Table 1. Wildfire Smoke Plans that Included Wildfire Smoke Strategies: U.S. and 

154 Canada (2014-2026).

Plan Components  No. (%)

Plan activation 14 (70%)
Interagency and/or inter-
organizational coordination

Procedures for Calls/Meetings 14 (70%)
Advisory Group 4 (20%)

Air quality monitoring

Forecasting 18 (90%)
Increasing Infrastructure 11 (55%)

Risk communication

Any Strategies (Y/N) 20 (100%)

Communication Methods 20 (100%)

Information to be Communicated 10 (95%)

Household-level exposure reduction

            General Strategies 18 (90%)
 Ventilation and/or filtration 16 (80%)

Respiratory protection 13 (65%)
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Pets/livestock 2 (10%)

Community-level exposure reduction

Closures 14 (70%)
Clean air centers 15 (75%)

Targeted outreach to at-risk 
populations 13 (65%)
Plan update 13 (65%)
Plan review/evaluation 12 (60%)
Long-term planning 7 (35%)

155

156 Plan Activation

157 Fourteen plans (70%) described plan activation procedures, nine of which (45%) 

158 identified an air quality index (AQI) or air quality health index (AQHI) threshold for 

159 activation (e.g., the plan is activated when the local AQI exceeds 150). The AQI is a tool 

160 used in the United States to communicate to the public how polluted the air is, ranging 

161 from 0 to 500 while the AQHI is used in Canada for the same purpose but it ranges from 

162 1 to 10+ [29-30]. 

163 Of the other five plans, one indicated activation upon request from a regional 

164 health officer in the plan’s province; one plan’s activation was determined when the 

165 local office of the emergency management director convened a planning meeting; and 

166 three plans were activated based on prescribed burn activity. Plans commonly assigned 

167 responsibility for activation to agencies such as local or state public health agencies, 

168 local offices of emergency management, as well as specialized committees with a focus 

169 on health and smoke exposure coordination. Activation decisions were generally made 

170 by health officials and Tribal or local governments, with consultations involving agencies 
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171 such as environmental quality departments and emergency management organizations. 

172 Eight plans (40%) discussed the importance of monitoring respiratory illness in 

173 hospitals, asthma-related emergency department visits, and emergency medical service 

174 calls to inform agency actions. 

175 Interagency and/or Interorganizational Coordination

176 Most plans (90%) identified a lead agency and supporting government agencies 

177 or non-governmental organizations for plan implementation. To coordinate among 

178 agencies and jurisdictions, seven plans (35%) outlined procedures for annual pre-

179 wildfire season calls or meetings; the majority of these plans included meeting 

180 procedures. Five plans (25%) included procedures for convening a wildfire smoke 

181 advisory group. Other plans assigned coordination roles to local public health agencies, 

182 air quality management districts, environmental quality departments, or 

183 provincial/territorial health authorities.

184 Seven plans (35%) listed the Office of Emergency Management (OEM) as the 

185 lead or co-lead of plan administration among other authoring agencies. Although public 

186 health agencies had a role in implementing all plans, only four (20%) plans listed public 

187 health as the lead or co-lead. The remaining plans (50%) included various organizations 

188 that contributed to plan development, such as: the air quality agencies, environmental 

189 health agencies, housing corporations, health departments, school districts, aging and 

190 disability services, forestry agencies, fire services, land management agencies, and 

191 transportation agencies.
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192 Air Quality Monitoring

193 Seventeen plans (85%) provided detailed guidance for air quality surveillance or 

194 monitoring. Nine plans directed government agencies to conduct air quality monitoring, 

195 while seven plans directed the public to air quality resources. Only one plan provided air 

196 quality monitoring guidance for government agencies and the public.

197 Nine plans (45%) suggested using the EPA AirNow Fire and Smoke Map as a 

198 guide for government agencies to identify areas affected by wildfires. Nine plans (45%) 

199 directed the public to the EPA AirNow Fire and Smoke Map to learn about the air quality 

200 in their area, which groups of people may be affected, and steps to take to reduce 

201 exposure to air pollution. The EPA AirNow Fire and Smoke Map differs from the EPA 

202 AirNow mobile app, which was provided as a resource by four plans (20%). The app 

203 utilizes GPS for localized air quality information, whereas the desktop typically requires 

204 manual entry of location [31]. Only one plan listed the National Interagency Fire Center 

205 (NIFC) as an air quality monitoring resource for the public. Five plans (25%) included 

206 provisions for deployment of mobile smoke monitors during wildfire events to increase 

207 regional air quality monitoring capacity.

208 Fig 3 presents the distribution of plan components across 20 wildfire smoke 

209 plans. The table displays the relative percentage of specific strategies within each plan; 

210 the variation across plans highlights the difference in how these strategies are 

211 implemented and prioritized across jurisdictions.

212
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213 Fig 3. Distribution of Wildfire Smoke Strategies Across Individual Plans in U.S. 

214 and Canada (2014-2026). The right color scale represents the percentage of each 

215 individual strategy present in each plan. The left color scale represents the total 

216 percentage across all strategies in each plan.
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217 Risk Communication

218 All plans included strategies for communicating the risks of wildfire smoke 

219 exposure to the public. Thirteen plans (65%) included a communications plan, and six 

220 plans (30%) included guidance for creating a communications plan. Many 

221 communications plans were structured with different actions corresponding to different 

222 AQI levels. For example, Garfield County’s communications plan designates actions for 

223 AQI 101-150, including issuing a press release and designating further actions for AQI 

224 151-500 such as releasing emergency notifications. Twelve plans (60%) included 

225 prepared messaging templates. The most common templates were messaging toolkits 

226 and press releases focused on health risks and strategies to reduce smoke exposure. 

227 Sixteen plans (80%) provided suggested modes of communication. Common 

228 modes included radio, social media, text alerts, and press releases. Nineteen plans 

229 (95%) documented the agency or agencies responsible for coordinating public risk 

230 communication, and twelve plans (60%) listed suggested partners to help disseminate 

231 the information. Agencies responsible for coordination were often public health 

232 agencies, while suggested partners included community-based organizations, schools, 

233 nursing homes, and a variety of government agencies. Ten plans (50%) included 

234 instructions or guidance for disseminating messages in languages other than English. 

235 Common strategies included translated messaging templates and targeted outreach to 

236 populations with a primary language other than English.
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237 Household-Level Exposure Reduction

238 Most plans (90%) included household-level strategies to reduce smoke exposure 

239 during wildfire events.

240

241 General Strategies: Eighteen plans (80%) included guidance for the public to stay 

242 indoors (75%), close windows and doors (75%), reduce other sources of indoor air 

243 pollution (75%), and reduce outdoor physical activity or exertion (75%). 

244

245 Ventilation and/or filtration: Sixteen plans (80%) included household-level ventilation 

246 and filtration recommendations, such as using a portable air cleaner (75%), making a 

247 DIY box fan filter (50%), installing a filter with a Maximum Efficiency Reporting Value 

248 (MERV) of 13 or higher in a home’s central air system (45%), and setting air 

249 conditioning to recirculate (25%). 

250

251 Respiratory protection: Thirteen plans (65%) included guidance for mask use. 

252 Thirteen plans (65%) recommended the use of National Institute of Occupational Safety 

253 and Health (NIOSH)-approved N95 or P100 respirators for individuals who must be 

254 outdoors. Eleven plans (55%) included guidance for wearing a mask with proper fit. Ten 

255 plans (50%) recommended that the public prioritize more effective measures to limit 

256 their smoke exposure before resorting to a mask, with the most common 

257 recommendation being to stay indoors. 

258
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259 Pets/livestock: Two plans (10%) included household-level guidance for taking care of 

260 pets and livestock, which included reducing the animal’s time spent in smoky areas, 

261 keeping indoor air clean, limiting their physical activity levels, and reducing their 

262 exposure to dust and other air pollutants.

263 Community-Level Exposure Reduction

264 Most plans (85%) included community-level strategies to reduce smoke exposure 

265 during wildfire events.

266

267 Closures: Fourteen plans (70%) included closure guidance for schools and businesses, 

268 and cancellation guidance for events. Seven plans (35%) included guidance for schools, 

269 including limiting outdoor activities and closures. Most plans recommended similar 

270 actions at corresponding AQI levels. For example, several plans recommended moving 

271 recess indoors when the AQI reached 151-200. Five plans (25%) included guidance for 

272 business activities and closures. Of those that recommended closures, some specified 

273 an unhealthy AQI level (151-200) or AQHI level exceeding 7. Some plans that included 

274 guidance for businesses and events tasked their lead agency to work with local partners 

275 and organizers of events to cancel outdoor events. For example, two plans specified 

276 that public health agencies should communicate air quality advisories and coordinate 

277 the cancellation of outdoor events and work activities when the AQI reaches 151. 

278 Finally, thirteen plans (65%) included guidance for public event closures. Some plans 

279 had specific AQI levels with recommended actions, while others required cancellation 

280 during all wildfire smoke events with no provided definition. Several plans included 
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281 guidance for communicating to the public about closures through public service 

282 announcements or event coordinators, in consultation with local public health and air 

283 district officials. 

284

285 Clean Air Centers: Fifteen plans (75%) included guidance for establishing clean air 

286 centers - public spaces equipped with high-efficiency air filtration systems to allow 

287 members of the public to access clean air. When detailing physical building 

288 requirements and necessary upkeep for these centers, eight plans (40%) recommended 

289 evaluating HVAC systems and fresh-air intakes; seven plans (35%) recommended 

290 acquiring portable air cleaning units; five plans (25%) recommended installing high-

291 efficiency filters with MERV-13 or higher; four plans (20%) recommended monitoring 

292 indoor air quality during center operation; and two plans (10%) recommended 

293 weatherizing the building. Three plans (15%) included guidance to evaluate agency 

294 staffing levels before opening centers. Four plans (20%) addressed transportation to 

295 and from clean air centers, collaborating with local transit agencies to establish free 

296 public transit routes, and ensuring accessibility for individuals with impairments. Finally, 

297 nine plans (45%) sought to increase public awareness about clean air centers through 

298 community outreach and announcements on social media platforms.

299 Targeted Outreach

300 Most plans (65%) identified specific populations as being at elevated risk from 

301 wildfire smoke. Some populations were included due to increased risk of exposure to 

302 wildfire smoke, including outdoor workers (70%) and renters (10%). Other populations 
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303 were included due to increased risk of negative health outcomes from wildfire smoke 

304 exposure, including older adults (90%), people with underlying health conditions (e.g., 

305 asthma and/or other respiratory diseases, cardiovascular disease) (90%), children 

306 (85%), and pregnant people (80%). Certain populations may be at increased risk of both 

307 exposure and negative health outcomes, including homeless people (65%), people with 

308 low-income (50%), people of color (30%), and Indigenous people (25%).

309

310 Many plans included specific outreach strategies for at-risk populations (Fig 4). 

311 Six plans (30%) included targeted outreach for older adults, with strategies including 

312 communication with senior living facilities. Five plans (25%) recommended that people 

313 with asthma have a written asthma action plan. Five plans (25%) recommended that 

314 people with heart or lung disease check with their health care providers about 

315 precautions to take during smoke events. Although the plans generally provided 

316 recommendations for these at-risk populations, they rarely specified how this 

317 information would be communicated to the intended populations. Six plans (30%) 

318 included guidance for people with underlying conditions to contact a health care 

319 provider if conditions worsen. Eleven plans (55%) included targeted outreach for 

320 children, including disseminating information to childcare providers, school 

321 administrators, teachers, and after-school programs. One plan (5%) included targeted 

322 outreach for pregnant people by communicating with local women’s health 

323 organizations. 

324 Fig 4. Percentage of Wildfire Smoke Plans with Identification of and Targeted 

325 Outreach Strategies for At-Risk Populations.
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326 Nine plans (45%) included targeted outreach for outdoor workers. Most of these 

327 plans included guidance for employers to protect employee health. Commonly 

328 recommended actions included ensuring access to N95 respirators and encouraging 

329 employees to use them when needed (35%), relocating workers to less smoky areas or 

330 rescheduling tasks to less smoky times of day (30%), postponing or shortening time 

331 spent outdoors (20%), providing frequent breaks in cleaner air spaces (20%), and 

332 reducing workers’ physical activity and exertion levels (15%). Ten plans (50%) included 

333 targeted outreach for people experiencing homelessness, including disseminating 

334 information to local homeless organizations and shelters, as well as visiting 

335 encampments to distribute materials such as masks and educational materials. One 

336 plan (5%) included targeted outreach for people of color, and no plans included targeted 

337 outreach for Indigenous people or renters. 

338 Plan Update, Plan Review/Evaluation, and Long-term 

339 Planning

340 Of the plans reviewed, fifteen were in their first version (75%), while the 

341 remaining five had been updated (25%). Twelve plans (60%) described procedures for 

342 their evaluation and/or review. The most common evaluation strategies included 

343 reaching out to local partners, conducting community surveys, and holding workshops 

344 to receive feedback. Thirteen plans (65%) described processes for updating the plans. 

345 Common elements included collecting feedback from partner agencies/organizations 

346 and the general public, and using it to revise the plan. Eight plans (40%) described the 

347 intervals at which the plans should be updated, and thirteen plans (65%) indicated 
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348 which parties were responsible for updating them. Seven plans (35%) included long-

349 term planning goals to reduce their jurisdiction’s risk from wildfire smoke, and each of 

350 these plans included equity as either a consideration or a focus of long-term planning. 

351 Discussion

352 Overall Aim of this Research

353 Our review of 20 wildfire smoke plans identified variation in preparedness and 

354 response strategies used for wildfire smoke exposure reduction. Although plans used 

355 both response and preparedness strategies, response strategies were more commonly 

356 included. Interdisciplinary leadership and coordination was common, with 

357 responsibilities distributed to diverse sets of agencies. Common community-level 

358 exposure reduction strategies included risk communication, guidance for opening clean 

359 air centers, and facilitating closures of schools and public events. Common household-

360 level exposure reduction strategies included guidance for staying indoors and improving 

361 indoor air quality. Most plans were activated based on AQI thresholds tied to specific 

362 actions, and responsibility was largely designated to local and state government 

363 agencies like public health and emergency management. Many plans identified at-risk 

364 populations and included targeted outreach strategies, with some notable gaps in 

365 populations represented.
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366 Common Exposure Reduction Strategies 

367 The most common exposure reduction strategy was risk communication, used for 

368 both preparedness and response. All plans featured strategies for risk communication, 

369 and nearly all identified the responsible agency or agencies involved. Prior research has 

370 identified significant limitations in wildfire smoke risk communication, including a lack of 

371 clarity in exposure reduction guidance and targeted communication adapted to at-risk 

372 groups’ preferred communication modes, languages, and health literacy levels [32]. 

373 Ineffective or incomplete communication may limit individuals’ ability to take appropriate 

374 action, particularly among at-risk populations [33]. Our findings suggest that risk 

375 communication is widely prioritized, however more standardized and evidence-based 

376 guidance may improve public health messaging during wildfire smoke events by helping 

377 people understand the information and take appropriate actions.

378 Among plans with household-level guidance, most recommended staying indoors 

379 and improving indoor air quality through ventilation and filtration. These strategies are 

380 critical for reducing individual exposure to wildfire smoke, however plans often lacked 

381 detailed guidance on how to implement these measures [34]. For example, many plans 

382 did not account for barriers related to cost, access to resources, or housing conditions 

383 such as homelessness or housing insecurity, which may limit feasibility for certain 

384 populations. Similar gaps have been identified in heat action plans, where guidance 

385 may fail to account for the accessibility of interventions for low-income populations [24]. 

386 Prior research has found that families in low-resourced communities face barriers to 

387 protecting themselves from wildfire smoke, including limited access to resources, 

388 information, and programs supporting protective behaviors [35]. These findings highlight 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


21

389 the need for more actionable and equitable guidance to ensure that household-level 

390 strategies are effective and accessible to diverse populations.

391 Many plans’ community-level exposure reduction strategies contain guidance for 

392 opening clean air centers, including identifying spaces to serve as clean air centers and 

393 planning to install high-efficiency filters. However, few plans addressed considerations 

394 such as: transportation accessibility, staffing capacities, monitoring the indoor air 

395 quality, and promoting public awareness. These gaps suggest that while clean air 

396 centers are widely utilized as a community-level exposure reduction intervention, their 

397 effectiveness may be limited by implementation and accessibility challenges. Prior 

398 research has identified barriers to clean air center implementation, including staffing, 

399 facility availability, transportation access, and outreach [36]. In terms of access, Treves 

400 et al. [36] suggested that individuals may be reluctant to leave their homes or 

401 belongings to access clean air centers after conducting community-based interviews. 

402 Similarly, Teigen et al. found that respondents to a community survey expressed 

403 reluctance to leave their homes and pets to access clean indoor air at a hypothetical 

404 community resilience hub [37]. Similar barriers have been observed for public cooling 

405 centers. Lau et al. [38] found that distance from home and transportation difficulties 

406 were barriers to use. Clean air centers might be made more impactful by ensuring 

407 equitable access and clearly communicating their availability, but more research is 

408 needed to understand if they are an effective intervention.

409 Another widely utilized community-level exposure reduction strategy was 

410 facilitating closures of schools and events. However, plans provided limited guidance on 

411 how these decisions should be implemented or balanced with potential social and 
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412 economic impacts. While closures may reduce immediate exposure to wildfire smoke, 

413 they may also disrupt access to essential services and education [39]. In addition, 

414 environmental hazards including wildfire smoke have been shown to negatively impact 

415 labor market outcomes, including reductions in earnings and productivity [40]. 

416 Strengthening guidance on when and how to implement closures, including 

417 consideration of potential trade-offs, may improve the effectiveness and feasibility of this 

418 strategy during wildfire smoke events.

419 Response vs. Preparedness Strategies

420 Our analysis demonstrated that jurisdictions utilize both response and 

421 preparedness strategies, although response strategies (e.g., risk communication and 

422 guidance for reducing exposure during wildfires) were more common. This lower 

423 emphasis on proactive preparedness strategies may constrain the effectiveness of 

424 existing wildfire smoke planning. Wildfire smoke preparedness strategies such as pre-

425 wildfire season risk communication, interagency coordination and resource allocation, 

426 may reduce the burden on response systems when events occur, particularly when 

427 access to services may be limited. Although evidence of these strategies’ effectiveness 

428 is limited, prior research has supported the value of pre-event interventions. He et al. 

429 [41] found that providing asthma patients with action plans prior to extreme heat events 

430 led to improved outcomes in a survey measuring their knowledge and preparedness 

431 related to actions to take to minimize exposure. This indicates the action plans 

432 increased the patients’ likelihood to take protective actions during an event, which could 

433 decrease negative health outcomes. Additionally, Slavik et al. found that parents’ 
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434 adherence to AQI-based health messaging was dependent on their existing wildfire 

435 smoke risk perceptions and their use of internet/mobile applications for smoke 

436 information, both of which are factors that may be addressed by preparedness 

437 strategies such as pre-wildfire season risk communication [42]. By strengthening 

438 preparedness strategies in future wildfire smoke planning, jurisdictions have the 

439 opportunity to educate their communities in advance which may better promote 

440 exposure reduction measures, potentially reducing health impacts.

441 Public Health Leadership in Wildfire Smoke Response 

442 Planning

443 Traditional emergency management frameworks for environmental hazards such 

444 as floods, hurricanes, and severe storms typically rely on formal incident management 

445 and multiagency coordination structures such as Incident Command Systems and 

446 Emergency Operations Centers to coordinate preparedness and response activities 

447 [43]. Consistent with this approach, Randazza et al. [24] found that 76.2% of heat action 

448 plans incorporated National Incident Management System or Emergency Operations 

449 Centers structures to support interagency coordination. In contrast, wildfire smoke plans 

450 in our study distributed leadership and coordination across a diverse set of 

451 organizations, including emergency management, public health, environmental quality, 

452 forestry and transportation. This cross-sector nature of wildfire smoke planning may 

453 indicate that wildfire smoke remains less standardized than planning frameworks used 

454 for other hazards. This could be because wildfire smoke is a newer hazard that 
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455 jurisdictions have less experience with, or because wildfire smoke doesn’t impact 

456 infrastructure the way floods, hurricanes or other hazards do.

457 Gaps in Inclusion of At-Risk Populations

458 Inclusion of targeted outreach for at-risk populations was common but 

459 inconsistent across plans. Eighteen plans (90%) acknowledged that certain populations 

460 were at greater risk. Thirteen plans (65%) included targeted outreach strategies for at-

461 risk populations, although there were notable gaps in these populations’ representation. 

462 Only one plan incorporated targeted outreach for pregnant individuals and people of 

463 color. No plans specifically addressed the communication preferences of Indigenous 

464 people or renters. Targeted engagement with at-risk populations has been identified as 

465 a best practice for risk communication for extreme weather and climate change [44]. 

466 MacIntyre et al. [44] performed a scoping review on evaluations of risk communication 

467 strategies, and found that engaging with at-risk populations was a key theme among 

468 more successful strategies. The gaps in targeted outreach from our findings are 

469 reflected by prior extreme event research, which has found relatively low levels of public 

470 awareness and personal interventions among at-risk populations during extreme heat 

471 events, especially among older adults [45]. 

472 Study Limitations

473 Our analysis only included plans that were accessible online, and excluded plans 

474 that were not specific to wildfire smoke, such as comprehensive emergency response 

475 plans or prescribed burn procedures. This limits the generalizability of our findings since 
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476 our study may not represent all relevant wildfire smoke plans. Additionally, our study did 

477 not assess the extent to which these plans, or their components, have been 

478 implemented, nor has there been a published evaluation of any plan’s implementation. 

479 As such, this remains an important area for future exploration, especially concerning 

480 their effects on public health.

481 Implications for Policy, Practice, and Future Research

482 Our analysis signals opportunities for further research on standardization and 

483 expansion of plan development guidance. In particular, standardization of plan 

484 activation criteria across different jurisdictions requires further examination, as does 

485 collaboration with air quality monitoring agencies to establish clear AQI and AQHI 

486 thresholds. Additional research is needed to develop guidelines for early activation 

487 based on forecasted conditions. Strengthening partnerships among local governments, 

488 environmental agencies, and health organizations will also be critical to enhancing air 

489 quality monitoring capacities through the deployment of additional sensors/monitors and 

490 the utilization of comprehensive data-sharing platforms, such as the EPA AirNow Fire 

491 and Smoke Map. 

492 Our findings indicate several opportunities for further research to explore the 

493 effectiveness and outcomes of both community and household-level wildfire smoke risk 

494 reduction strategies. Risk communication strategies are well-established and supported 

495 by evidence showing improvements in public education and protective behavior during 

496 disasters [46]. However, a systematic review of disaster risk communication noted the 
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497 general lack of randomized controlled trials to thoroughly assess these outcomes, 

498 especially in the context of wildfire smoke and vulnerable populations [46]. 

499 Research supports the guidance to stay indoors and close windows and doors 

500 during wildfire smoke events [47-48]. Indoor PM2.5 levels have been found to be lower 

501 than outdoor levels, and buildings with low air-exchange rates have better air quality 

502 than those with high air-exchange rates [47-48]. Likewise, strong evidence 

503 demonstrates that active ventilation and filtration strategies, particularly with portable air 

504 cleaners, reduce indoor PM2.5 concentrations during wildfire smoke events [49-50]. 

505 However, there is a gap in the literature that characterizes indoor air pollutant 

506 constituents and average concentrations typically present during wildfire smoke events - 

507 especially those fires that include structures. These data would help elucidate event-

508 based and cumulative exposures used for health outcome studies. 

509 Further research is also needed on the uptake of various exposure reduction 

510 strategies. Although experimental studies demonstrate that properly fitted N95 

511 respirators effectively reduce particulate exposure, few studies have evaluated real-

512 world uptake of respiratory protection during wildfire smoke events [51-53]. Additionally, 

513 disaster research has shown that concern for pets and limited animal sheltering options 

514 can discourage evacuation during emergencies [54-55]. Only two plans included risk-

515 reduction strategies for pets and livestock during wildfire smoke events; additional 

516 research is needed to assess whether expanding preparedness planning for pets and 

517 livestock may improve evacuation behavior. Finally, while research on the utilization of 

518 clean air centers is still limited, identified barriers include limited transportation options, 

519 operational hours and the inability to bring your pets along [36-37]. Additional research 
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520 is needed to identify strategies for improving utilization of clean air centers or alternative 

521 models for accessing clean air. Surveying community members after wildfire smoke 

522 events will provide valuable insight into the perception and uptake of different exposure 

523 reduction strategies. 

524 Conclusion

525 Wildfire smoke preparedness and response plans can help guide public health 

526 responses to wildfire smoke events with strategies including coordinating actions across 

527 agencies and organizations, communicating risks and household-level guidance with 

528 the public, closing public events and establishing clean air centers. This study highlights 

529 the elements and strategies currently used in plans throughout the U.S. and Canada 

530 providing insight into which ones are more and less commonly used. Further research is 

531 needed to evaluate the effectiveness of wildfire smoke plans and specific strategies.
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