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Wildfire Threat to Inpatient Health
Care Facilities in California, 2022
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Objectives. To assess wildfire risks to California inpatient health care facilities in 2022.

Methods. Locations of inpatient facilities and associated inpatient bed capacities were mapped in

relation to California Department of Forestry and Fire Protection fire threat zones (FTZs), which combine

expected fire frequency with potential fire behavior. We computed the distances of each facility to the
nearest high, very high, and extreme FTZs.

Results. Half (107 290 beds) of California’s total inpatient capacity is within 0.87 miles of a high FTZ and
95% (203 665 beds) is within 3.7 miles of a high FTZ. Half of the total inpatient capacity is within 3.3 miles
of a very high FTZ and 15.5 miles of an extreme FTZ.

Conclusions. Wildfires threaten a large number of inpatient health care facilities in California. In many

counties, all health care facilities may be at risk.

Public Health Implications. Wildfires in California are rapid-onset disasters with short preimpact

phases. Policies should address facility-level preparedness including smoke mitigation, sheltering

measures, evacuation procedures, and resource allocation. Regional evacuation needs, including access

to emergency medical services and patient transportation, must also be considered. (Am J Public Health.
Published online ahead of print March 2, 2023:e1-e4. https://doi.org/10.2105/A]JPH.2023.307236)

alifornia is experiencing an intensi-
nying wildfire crisis. Of the 20 larg-
est wildfires in the state’s history, all but
3 took place in the past 2 decades,
with 7 occurring in 2020 and 2021
Wildfires pose a threat to the structural
integrity, operations, and accessibility
of health care facilities, accounting for
18.4% of hospital evacuations in the
United States during the 21st century.”
Recent examples in California include
evacuations from hospitals in Sonoma
County, sometimes twice within the
same fire season. Inpatient facility
evacuations are a complex process
and often require coordination across
health systems and jurisdictions. They
can pose a danger to patients and staff,
even when advance warning is avail-
able.** In this article, we use publicly

available data to assess the burden of
wildfire risk to inpatient health care fa-
cilities in California and identify regions
at high risk.

METHODS

The California Department of Health
and Human Services provides location
and capacity information for all 15684
licensed and certified health care facili-
ties in California. In this study, we ana-
lyzed data updated as of October 2022
for licensed inpatient facilities, which
treat patients for longer than 24 hours
and may have complex evacuation
needs.

The California Department of Forest-
ry and Fire Protection (CAL FIRE) Fire
and Resource Assessment Program

classifies the state into 6 ordinal fire
threat zone (FTZ) categories: not
mapped, low, moderate, high, very
high, and extreme. The threat zones
“combine expected fire frequency with
potential fire behavior,” representing
“the relative likelihood of damaging or
difficult to control wildfires occurring
for a given area.”® As defined by CAL
FIRE, the zones “can be used to assess
the potential for impacts on various
assets and values susceptible to fire[,
and] impacts are more likely to occur
and/or be of increased severity for the
higher threat classes.”®

Digital rasters representing fire threat
obtained from CAL FIRE were converted
to polygons at a 270-meter resolution,
and nearest neighbor analyses were
used to compute the distance from
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each fadility to the nearest high, very
high, or extreme FTZ.” Facilities within
FTZs were assigned a distance of zero.
The bed capacity for each facility was
used to compute the distance of inpa-
tient beds from each FTZ level.

We used Excel (Microsoft Corpora-
tion, Redmond, WA), QGIS version
3.16.7 (Open Source Geospatial Foun-
dation, Beaverton, OR), and Python ver-
sion 3.8 (Python Software Foundation,
Wilmington, DE) in our analyses. All
codes and underlying data are provid-
ed in Appendixes A through D (available
as supplements to the online version of
this article at http://www.ajph.org).

RESULTS

We included a total capacity of 214358
inpatient beds (across 3087 inpatient
facilities) in our analyses: 74 041 gener-
al and acute care beds at 429 facilities,
8961 beds at 135 behavioral health
facilities, and 131 356 long-term care

beds at 2523 facilities. Our results
showed that 4 facilities are within a very
high FTZ and 22 are within a high FTZ;
50% of total inpatient capacity (107 290
beds) is within 0.87 miles of a high FTZ
(Figure 1), and 95% of capacity (203 665
beds) is within 3.7 miles of a high FTZ. In
addition, half of the total inpatient bed
capacity is within 3.3 miles of a very high
FTZ and 15.5 miles of an extreme FTZ.

Median distance to an FTZ varies by
county. The state's northern counties
are disproportionately affected: there is
lower overall capacity in these counties,
and the median distances to high, very
high, and extreme FTZs are substantial-
ly shorter. In the southern half of the
state, San Luis Obispo County has the
most inpatient facilities that are near
FTZs (Appendixes B and C).

DISCUSSION

Wildfires in California can be rapid-
onset disasters with a short preimpact
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50% of total inpatient
capacity is within 0.87 miles
of a high fire threat zone

or warning phase. This has left health
care facility leadership and emergency
preparedness specialists the option of
either preparing hospitals for rapid
evacuations or investing in adaptations
that will allow hospital staff and patients
to shelter in place until the wildfire no
longer poses a threat.

Even if a facility is not under immediate
threat of structural damage, smoke ex-
posure, road closures, and infrastructure
damage from nearby wildfires can have
a longitudinal impact on health care sys-
tem functioning and access to care®

We found that a high percentage of
inpatient health care facilities in Califor-
nia are at risk for potential operational
disruption or evacuation from wildfires.
Facilities near wildfires may face risks
from windblown embers, transporta-
tion interruptions, and conversion of
wildland fires to structure fires, which
can affect the safety, operability, or ac-
cessibility of facilities or increase the
risk of fire at facility sites.
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FIGURE 1— npistance of Inpatient Facilities From Fire Threat Zones: California, 2022

Note. The vertical axis represents the total inpatient capacity across the 3087 study facilities. The horizontal axis represents the distance from each facility to
the nearest fire threat zone. Further methodological details are available in the Appendixes, available as a supplement to the online version of this article at

http://www.ajph.org.
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In northern counties—where 2 of
California’s largest fires burned more
than 1 million acres over the past
2 years—health care accessibility is a
significant concern because of high
levels of hazard exposure and limited
numbers of beds and facilities.

The large number of facilities at risk
(despite representing a small propor-
tion of total facilities) creates the possi-
bility of complex evacuation needs as a
result of the many potential sending
and receiving facilities in a major fire
scenario.

Limitations

The information on fire risk exposure
reported here is based on CAL FIRE
data and as such reflects current risk
estimates.® Future fire risk in various
climate change scenarios was not
assessed and is expected to exceed
current risk levels in many locations.
Fire occurrence, propagation, and
overall risk is a complex issue involving
numerous dynamic variables. CAL FIRE
FTZs are believed to be the best available
source on which to base an analysis of
such factors.

We did not attempt to assess or
compare structural characteristics that
could improve fire resistance or the
degree of fire protection afforded by
small-scale geographic features such as
impervious surfaces and nonvegetated
areas in health facilities' immediate
environment, nor did we consider
features that contribute to facility-level
resilience such as backup generators
and on-site fire suppression capabili-
ties. Caution should be exercised when
interpreting negative results; although
a facility may not be near an FTZ or an
active fire, facility operations may none-
theless be affected.

Public Health Implications

Our findings demonstrate widespread
wildfire risk to inpatient health care
facilities, including threats to much of
the inpatient bed capacity in California.
General hospitals are of particular con-
cern because of difficulties associated
with evacuation of hospitalized patients,
limited numbers of alternate facilities to
which patients can be evacuated, and
the potential for loss of access to
emergency care that accompanies
even temporary closure of facilities.”
The long-term care facility patient popu-
lation is at high risk during evacuation;
previous research demonstrates in-
creased mortality during and after nurs-
ing home evacuations.'® Involuntarily
hospitalized patients in behavioral health
facilities have special security needs dur-
ing wildfire contingencies, making evacu-
ation a complex undertaking.

We urge health facility leaders to
assess the vulnerability of facilities to
wildfire hazards and to prepare for
both sheltering-in-place and evacuation
scenarios. If sheltering patients and
community evacuees is necessary, facil-
ities must be prepared to optimize and
allocate resources and have measures
in place to mitigate the risk of wildfire
smoke exposure. Health care facilities
also should prepare for evacuation
scenarios in which emergency medical
services and patient transport resource
availability may be scarce and access
routes may be affected."’

The interinstitutional, transjurisdictional
coordination and cooperation that will
be required to minimize health care
interruptions will necessitate investments
in data architecture, community aware-
ness, and infrastructure resilience."? Pri-
orities may vary from region to region,
reflecting differing regional risk profiles.
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As the climate crisis continues to raise
wildfire risk, it is vital to protect inpatient
health care facilities so that they can
meet the needs of their communities.
AJPH

ABOUT THE AUTHORS

Neil Singh Bedi is with the Boston University
School of Medicine, Boston, MA. Caleb Dresser
and Satchit Balsari are with the Beth Israel
Deaconess Medical Center/Harvard Medical
School, Boston. Akash Yadav is with the Department
of Epidemiology, Harvard University T.H. Chan
School of Public Health, Boston. Andrew Schroeder
is with Direct Relief, Santa Barbara, CA.

CORRESPONDENCE

Correspondence should be sent to Satchit Balsari,
MD, MPH, 703C FXB Center for Health and Human
Rights, 651 Huntington Ave, Boston, MA 02115
(e-mail: sbalsari@bidmc.harvard.edu). Reprints can
be ordered at http://www.ajph.org by clicking the
“Reprints” link.

PUBLICATION INFORMATION

Full Citation: Bedi NS, Dresser C, Yadav A, Schroeder
A Balsari S. Wildfire threat to inpatient health care
facilities in California, 2022. Am J Public Health. Pub-
lished online ahead of print March 2, 2023:e1-e4.
Acceptance Date: January 14, 2023.

DO https://doi.org/10.2105/AJPH.2023.307236

CONTRIBUTORS

N.S. Bedi and C. Dresser conceived and designed
the project, collected and analyzed data, and led
the writing process. A. Yadav supported the con-
ception and design and contributed significantly
to analysis of the data. A. Schroeder and S. Balsari
supported the project throughout, providing lead-
ership, insight, and resources, and contributed
significantly to the writing process.

ACKNOWLEDGMENTS

This work was supported by CrisisReady, a re-
search collaboration at Harvard and Direct Relief
funded in part by Google.org.

N.S. Bedi gives special thanks to his mentors
and colleagues at CrisisReady and those within
the climate and health community for their con-
tinuous guidance and support.

CONFLICTS OF INTEREST

All authors declare no competing interests.

HUMAN PARTICIPANT
PROTECTION

Publicly accessible data were used in this study.
No human participants were involved.

Research Brief PeerReviewed Bedietal.

Hdlv

€207 ‘7 UpaeN uud JO peaye aujjuo paysljand

e3


mailto:sbalsari@bidmc.harvard.edu
http://www.ajph.org
https://doi.org/10.2105/AJPH.2023.307236
http://Google.org

RESEARCH BRIEF

REFERENCES

1.

Published online ahead of print March 2, 2023

AJPH
>

California Department of Forestry and Fire Pro-
tection. Top 20 largest California wildfires. Avail-
able at: https://www.fire.ca.gov/media/4jandihh/
top20_acres.pdf. Accessed June 6, 2022.

. Mace SE, Sharma A. Hospital evacuations due to

disasters in the United States in the twenty-first
century. Am J Disaster Med. 2020;15(1).7-22.
https://doi.org/10.5055/ajdm.2020.0351

. Ho C. The St. Helena hospital evacuated twice in

five weeks due to California wildfires. Available at:
https://www.sfchronicle.com/california-wildfires/
article/The-St-Helena-hospital-that-evacuated-
twice-in-15607257.php. Accessed June 1, 2022.

. Sutherland S. 135 minutes. Available at: https://

www.nfpa.org/News-and-Research/Publications-
and-Media/NFPA-Journal/2019/January-February-
2019/POV/Perspectives. Accessed June 1, 2022.

. Adalja AA, Watson M, Bouri N, Minton K, Morhard

RC, Toner ES. Absorbing citywide patient surge
during Hurricane Sandy: a case study in accom-
modating multiple hospital evacuations. Ann
Emerg Med. 2014;64(1):66-73.e1. https://doi.org/
10.1016/j.annemergmed.2013.12.010

. State of California and California Department

of Forestry and Fire Protection. Fire threat map.
Available at: https:/frap fire.ca.gov/media/10315/
firethreat_19_ada.pdf. Accessed June 1, 2022.

. Tenkanen H, Heikinheimo V. Nearest neighbor

analysis with large data sets. Available at: https://
autogis-site.readthedocs.io/en/2019/notebooks/
L3/nearest-neighbor-faster.ntml. Accessed June 1,
2022.

. Rosenthal A, Stover E, Haar RJ. Health and social

impacts of California wildfires and the deficien-
cies in current recovery resources: an explorato-
ry qualitative study of systems-level issues. PLoS
One. 2021;16(3):€0248617. https://doi.org/10.
1371/journal.pone.0248617

. Hamideh S, Sen P, Fischer E. Wildfire impacts on

education and healthcare: Paradise, California,
after the Camp Fire. Nat Hazards (Dordr). 2022;
111(1):353-387. https://doi.org/10.1007/s11069-
021-05057-1

. Dosa D, Feng Z, Hyer K, Brown LM, Thomas K,

Mor V. Effects of Hurricane Katrina on nursing
facility resident mortality, hospitalization, and
functional decline. Disaster Med Public Health Prep.
2010;4(suppl 1):528-S32. https://doi.org/10.1001/
dmp.2010.11

. Hassan EM, Mahmoud HN. Orchestrating perfor-

mance of healthcare networks subjected to the
compound events of natural disasters and pan-
demic. Nat Commun. 2021;12(1):1338. https://
doi.org/10.1038/s41467-021-21581-x

. Balsari S, Kiang MV, Buckee CO. Data in crisis—

rethinking disaster preparedness in the United
States. N Engl | Med. 2021,385(16):1526-1530.
https://doi.org/10.1056/NEJMms2104654

@4 ResearchBrief PeerReviewed Bedietal.


https://www.fire.ca.gov/media/4jandlhh/top20_acres.pdf
https://www.fire.ca.gov/media/4jandlhh/top20_acres.pdf
https://doi.org/10.5055/ajdm.2020.0351
https://www.sfchronicle.com/california-wildfires/article/The-St-Helena-hospital-that-evacuated-twice-in-15607257.php
https://www.sfchronicle.com/california-wildfires/article/The-St-Helena-hospital-that-evacuated-twice-in-15607257.php
https://www.sfchronicle.com/california-wildfires/article/The-St-Helena-hospital-that-evacuated-twice-in-15607257.php
https://www.nfpa.org/News-and-Research/Publications-and-Media/NFPA-Journal/2019/January-February-2019/POV/Perspectives
https://www.nfpa.org/News-and-Research/Publications-and-Media/NFPA-Journal/2019/January-February-2019/POV/Perspectives
https://www.nfpa.org/News-and-Research/Publications-and-Media/NFPA-Journal/2019/January-February-2019/POV/Perspectives
https://www.nfpa.org/News-and-Research/Publications-and-Media/NFPA-Journal/2019/January-February-2019/POV/Perspectives
https://doi.org/10.1016/j.annemergmed.2013.12.010
https://doi.org/10.1016/j.annemergmed.2013.12.010
https://frap.fire.ca.gov/media/10315/firethreat_19_ada.pdf
https://frap.fire.ca.gov/media/10315/firethreat_19_ada.pdf
https://autogis-site.readthedocs.io/en/2019/notebooks/L3/nearest-neighbor-faster.html
https://autogis-site.readthedocs.io/en/2019/notebooks/L3/nearest-neighbor-faster.html
https://autogis-site.readthedocs.io/en/2019/notebooks/L3/nearest-neighbor-faster.html
https://doi.org/10.1371/journal.pone.0248617
https://doi.org/10.1371/journal.pone.0248617
https://doi.org/10.1007/s11069-021-05057-1
https://doi.org/10.1007/s11069-021-05057-1
https://doi.org/10.1001/dmp.2010.11
https://doi.org/10.1001/dmp.2010.11
https://doi.org/10.1038/s41467-021-21581-x
https://doi.org/10.1038/s41467-021-21581-x
https://doi.org/10.1056/NEJMms2104654

