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Objectives: To quantify all-cause excess mortality, defined as the number of
deaths exceeding the expected baseline, associated with the 2023 Lahaina
wildfire in Maui County, Hawai'i, and highlight public health implications.

Methods: Excess mortality was estimated using seasonal autoregressive
integrated moving average models trained on data from August 2018-July
2023. Projections were generated via 5000 bootstrapped simulations, with a
sensitivity analysis excluding COVID-19-attributed deaths.

Results: August 2023 reported 82 (95% Cl: 55-100) excess deaths, with all-cause
mortality 67% higher than expected (observed-to-expected mortality rate: 1.67; 95%
Cl: 1.38-2.00). Mortality peaked the week of August 19, with a 367% increase (67
excess deaths: 3.67; 2.65-5.96). Non-medical deaths increased from 68 to 80%.

Conclusion: The Lahaina wildfire caused substantial excess mortality, likely making
wildfires a leading cause of death in Maui County during this period. Findings
highlight the need for improved disaster preparedness. Policy Implications.
Rebuilding must incorporate Native Hawaiian ecological knowledge. Policies
should focus on restoring Indigenous wetlands, removing flammable invasive
grasses, and ensuring environmental justice for Native Hawaiians.

KEYWORDS

Lahaina Maui, wildfire, excess mortality estimation, Indigenous health, environmental
health

Introduction

The 2023 Lahaina wildfire on Maui, Hawai‘i, the deadliest wildfire in modern US history,
was not an isolated catastrophe, but part of a growing trend of climate-driven wildfires in the
Hawaiian Islands. These fires are fueled by the spread of flammable invasive grasses, drought
exacerbated by climate change, and the displacement of Indigenous land management systems.
The erosion of Native Hawaiian ecological practices, including wetland stewardship and
culturally-informed firebreaks, has weakened the resilience of both ecosystems and
communities, contributing to catastrophic consequences for human and environmental health

01 frontiersin.org


https://www.frontiersin.org/journals/climate
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fclim.2025.1611198&domain=pdf&date_stamp=2025-08-22
https://www.frontiersin.org/articles/10.3389/fclim.2025.1611198/full
https://www.frontiersin.org/articles/10.3389/fclim.2025.1611198/full
https://www.frontiersin.org/articles/10.3389/fclim.2025.1611198/full
mailto:michelle.murata@nyulangone.org
https://doi.org/10.3389/fclim.2025.1611198
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/climate#editorial-board
https://www.frontiersin.org/journals/climate#editorial-board
https://doi.org/10.3389/fclim.2025.1611198

Nakatsuka et al.

(Taparra et al., 2023; Taparra and Apana, 2023; Pacific Fire Exchange,
2024; Smith and Tunison, 1992; Farrant et al., 2024).

All-cause excess mortality, a well-established metric to quantify
the impact of natural or human-influenced disasters, is vital to assess
population-level effects, gage disaster response efforts, and provide
context for future disaster prevention (Msemburi et al., 2023). Despite
the growing frequency and severity of climate-driven disasters,
empirical data on their population-level health impacts remain sparse,
particularly in Hawai‘i and other Indigenous territories. This study
addresses that gap by quantifying all-cause excess mortality associated
with the 2023 Lahaina wildfire, capturing both direct and indirect
effects beyond official fatality counts.

Methods

All-cause excess mortality (observed minus expected deaths) was
determined by training seasonal autoregressive integrated moving
average models on 5 years of pre-study period data (August 2018-July
2023), accessed from CDC WONDER (updated December 3, 2023).
Annual estimated populations were included as covariates to account
for changes in underlying population size over time, which helps
stabilize the time series and satisfy the assumption of stationarity, that
is, that the statistical properties of the data do not change over time.
Monthly and weekly projections were determined using SARIMA
models, which were designed to account for seasonality and trends in
time-series data. To quantify uncertainty around these estimates,
we conducted Monte Carlo simulations generating 5,000 future values
from the fitted model, and calculated 95% confidence intervals (95%
CI) using the percentile method (2.5th-97.5th percentiles of the
simulated distribution). A sensitivity analysis excluding COVID-19-
attributed mortality from the baseline period overlapping with the
COVID-19 pandemic (March 2020-July 2023) was also conducted.
This adjustment resulted in a slightly higher estimate of excess deaths
(865 95% CI: 60-103) but did not change the overall interpretation of
wildfire-associated excess mortality. Demographic information on

TABLE 1 Demographic information on all-cause mortality.
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all-cause deaths, including age, gender, race, and place of death, was
accessed and tested for changes during the study period versus
baseline period ratios with significance determined using Pearson
chi-squares. Analyses were performed in R (v4.2.2). Institutional
review board approval was not required, as all data are public.

Results

In August 2023, there were 82 (95% CI: 55-100) all-cause excess
deaths in Maui County (205 observed, 123 expected), corresponding
to an excess mortality rate of 47 deaths per 100,000 person-months
(95% CI: 33-61), and an observed-to-expected all-cause mortality rate
of 1.67 (95% CI: 1.38-2.00). Among the 200 deaths observed during
the study period (August 2023), 60 (30%) occurred in individuals
under age 65 and 140 (70%) in those aged 65 and older (Table 1). A
total of 125 deaths (62.5%) occurred in males and 75 (37.5%) in
females. By race, 70 decedents (35%) were identified as White, and 130
(65%) were Asian, Black, Native Hawaiian or Pacific Islander, or
multiracial. Most deaths (160; 80%) occurred in non-medical settings,
such as homes or public locations, with only 40 (20%) occurring in
medical settings.

In a sensitivity analysis model removing COVID-19-attributed
deaths from the baseline period, estimated excess deaths increased to
86 (95% CI: 60-103). Excess mortality peaked the week ending August
19, 2023, when 67 all-cause excess deaths were recorded,
corresponding to an excess mortality rate of 41 deaths per 100,000
person-months (95% CI: 35-47), and an observed-to-expected ratio
of 3.67 (95% CI: 2.65-5.96) (Figure 1). Rates returned to expected
values the week ending August 26, 2023.

The share of deaths occurring outside of medical settings (e.g.,
homes or public places) increased during August from 68% (64/94) to
80% (156/196), suggesting potential disruptions in access to
emergency medical care or evacuation during the wildfire period.
Although not statistically significant, the proportion of deaths in
individuals aged <65 years, males, and persons of non-White race was

Characteristic Study period Ratio Baseline period Ratio Pearson y?
(mean) (p value)

Age

<65 years 60 2.3 30.2 2.3 >0.9999

>65 years 140 69.8

Gender

Male 125 0.6 56.8 0.8 0.1945

Female 75 43.2

Place of death

Medical 40 4.0 27.6 2.6 0.0466

Non-Medical 160 72.4

Race

White 70 1.9 38.8 0.8 0.3949

Asian, Black, NHPI, More than

one race 130 30.6

The baseline periods for age, gender, and place of death includes August for the years 2014-2022; For Race, only 2018-2022 are included, due to changes in reporting.
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Weekly Excess Deaths: Maui County
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Weekly observed and expected raw all-cause deaths for Maui County, HI for the week ending August 4, 2018, through the week ending October 23,
2023. Observed deaths are shown in yellow. Modeled expected deaths (for the weeks ending August 5, 2023, through October 23 2023) are shown in
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numerically elevated compared to baseline periods (August 2018-
July 2023).

Discussion

The 2023 Lahaina wildfire was associated with increased all-cause
mortality, peaking at 367% of expected rates (week ending August 19,
2023). This sudden and localized spike in mortality suggests that the
wildfire was a dominant contributor to deaths on Maui during August
2023. Despite 100-102 officially reported fire-related deaths per public
and government sources (CDC/NCHS, 2023), we estimated 82-86
all-cause excess deaths, which includes both directly and indirectly
attributable mortality during the wildfire period. Notably, temporary
decreases in other causes of death may have occurred following the
wildfire (e.g., motor vehicle fatalities).

This estimate of all-cause excess mortality, 82 deaths in the
primary model and 86 in the sensitivity model, closely aligns with the
88 fire-related deaths officially reported for August 2023 in CDC
WONDER, 86 of which had autopsies performed. Media and
government sources have cited a total of 100-102 deaths from the
Lahaina fire (CDC/NCHS, 2023), with some fatalities likely occurring
in September or later and others potentially classified under different
cause-of-death codes. Notably, this level of fire-related mortality is
unprecedented in recent history: annual fire deaths were suppressed
in all other years from 2018 to 2024, indicating counts below 10 and
underscoring the exceptional mortality toll of the wildfire. While the
official count reflects confirmed fire-related fatalities, our model-
based estimate captures broader mortality impacts during the same
period, including potentially unclassified or indirectly related deaths.
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Although cause-specific data were not available, prior studies of
wildfire events suggest several plausible medical and environmental
pathways that may have contributed to excess mortality. These include
direct injuries such as burns and asphyxiation (Stefanidou et al., 2008),
smoke-related respiratory complications (Shusterman et al., 1993),
and heat-related illness, particularly among older adults and
individuals with pre-existing pulmonary or cardiovascular conditions
(White, 2024; Hancock and Vasmatzidis, 2003). Disasters of this scale
may also exacerbate mortality indirectly by delaying access to
emergency care or interrupting management of chronic illnesses (Bell
et al, 2019). In addition, social vulnerability, including crowded
housing, limited transportation, and language barriers, may have
disproportionately affected the ability to evacuate or receive timely
care for certain groups (Ermagun and Janatabadi, 2024). These
pathways align with observed patterns during other large-scale
wildfire and heat events and may help explain the demographic
patterns seen in Maui (McBrien et al.,, 2023).

Although not statistically significant, we also observed a
numerically higher share of deaths among individuals under age 65,
males, and persons of non-White race compared to prior Augusts.
These demographic patterns are consistent with previous research
showing that structurally vulnerable populations, particularly those
with limited mobility, access to care, or pre-existing health inequities,
are at higher risk of mortality during climate-related disasters. While
small sample sizes may limit statistical power, these trends highlight
the need for improved data collection and demographic disaggregation
to better understand and address disparities in disaster impacts.

This study has several limitations. First, the analysis relies on
provisional mortality data, which are subject to future updates and
reclassification. Second, the data lack geographic granularity, limiting
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our ability to isolate trends at the city or neighborhood level (e.g.,
Lahaina-specific patterns). Third, demographic fields, particularly
race and ethnicity, were incomplete or inconsistently reported,
constraining our ability to examine disparities with precision.
Additionally, there are limitations inherent to the use of all-cause
excess mortality models. While they are powerful tools for detecting
population-level mortality shifts, they cannot attribute causality or
identify specific causes of death. Furthermore, this study did not
include toxicology, forensic, or cause-of-death certificate data, which
would be necessary to directly attribute specific deaths to fire, heat, or
smoke exposure. These models are also not well-suited to capturing
the intergenerational health consequences of land dispossession,
cultural displacement, or the erosion of Indigenous ecological
knowledge. These social and historical forces may shape who is most
at risk during disasters, yet remain invisible within conventional
public health metrics.

It is unusual for natural or human-made disasters to be the driving
force behind such a large increase in all-cause mortality, likely the
temporary leading cause of death in affected regions. Whether the
findings reported here are unprecedented is difficult to determine, in
part because the ICD-10 classification system does not include codes
for climate-related events; for example, deaths related to ecosystem
collapse are often categorized under general causes such as respiratory
failure or cardiac arrest. This limits the visibility of climate and
ecological impacts in mortality data and highlights the need for
updates to current classification systems (or the creation of new
systems) to add climate and ecological conditions as factors underlying
deaths from natural disasters (e.g., tornadoes and hurricanes, in
addition to fires) (Taparra et al., 2024). This would allow more
nuanced analyses of the impact of ecological change over time in
different geographic areas.

Public health implications

The tragic and unprecedented loss of life reported here, alongside
other recent high-fatality wildfire events, underscores the urgent need
for disaster preparedness and prevention efforts that are responsive to
local ecological and cultural conditions. Given the Indigenous people
of Hawai‘i, Native Hawaiians, experience disproportionate mortality
burdens both locally and nationally, efforts to promote health equity
in climate adaptation must include investment in Native Hawaiian-led
environmental stewardship, climate health research, and policy reform
grounded in Indigenous perspectives (Taparra et al., 2023; Taparra
and Apana, 2023; Taparra and Pellegrin, 2022; Antonio et al., 2023;
Keaulana et al., 2021).

While not derived directly from our mortality analysis, several
forward-looking strategies, rooted in Native Hawaiian ecological
knowledge, may hold promise for mitigating future wildfire risk.
These include:

1 Restoring Native Hawaiian agroecological systems, such as ‘ulu
(breadfruit), loko ia (fishponds), and 1o kalo (taro terraces),
which support soil moisture retention and reduce erosion.
Some Indigenous plants may also act as “green firebreaks” due
to their lower flammability (Pacific Fire Exchange, 2024; Smith
and Tunison, 1992; Farrant et al, 2024). A systematic
assessment of plant flammability in Hawaii remains an
important research need.
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2 Managing dry non-native grasses, which contribute
significantly to wildfire fuel loads, through approaches such
as targeted grazing, controlled burns, and conversion to
compost or fertilizer (Farrant et al., 2024; Maly and Wilcox,
2000). These grasses, though covering only 24% of Hawai‘i’s
land, are linked to a
(Trauernicht, 2019).

3 Restoring pre-colonial water systems and improving fire risk

majority of large fires

modeling. A high-resolution, dynamically updated wildfire risk
tool for Hawai'i, based on rainfall, wind, vegetation, and other
climate data, could guide water allocation and inform state
mitigation planning.

These ideas are not evaluated in this study but reflect calls within
Native Hawaiian and broader Indigenous communities to design
place-based strategies for ecological resilience. Incorporating these
frameworks into recovery and preparedness planning may help reduce
the disproportionate impact of climate disasters on Native
Hawaiian communities.

Conclusion

The 2023 Lahaina wildfire was associated with substantial excess
mortality, with an observed all-cause death rate 67% higher than
expected in August 2023. While official records cite 100-102
wildfire-related fatalities, our analysis identified 82-86 excess
deaths, underscoring the broader health impact of the disaster,
including both direct and indirect mortality. These findings
highlight the importance of timely, population-level mortality
monitoring during ecological crises. As climate-driven disasters
grow in frequency and severity, particularly in historically
marginalized communities, equitable disaster response and public
health surveillance systems must evolve to better capture and
mitigate their full human toll.
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