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Abstract

Crises such as Hurricane Maria and the coronavirus disease 2019 (COVID-19) pandemic have
revealed that untimely reporting of the death toll results in inadequate interventions, impacts
communication, and fuels distrust on response agencies. Delays in establishing mortality are
due to the contested definition of deaths attributable to a disaster and lack of rapid collection
of vital statistics data from inadequate health system infrastructure. Readily available death
counts, combined with geographic, demographic, and socioeconomic data, can serve as a base-
line to build a continuous mortality surveillance system. In an emergency setting, real-time
Total, All-cause, ExcessMortality (TEM) can be a critical tool, granting authorities timely infor-
mation ensuring a targeted response and reduce disaster impact. TEMmeasurement can iden-
tify spikes in mortality, including geographic disparities and disproportionate deaths in
vulnerable populations. This study recommends that measuring total, all-cause, excess mortal-
ity as a first line of response should become the global standard for measuring disaster impact.

There are 2 approaches for mortality reporting in a disaster or crisis: event-attributable death
counts and estimating total excess mortality (TEM). TEM reports the additional number of
deaths within a period compared with the expected number of deaths (the counterfactual should
the event not have happened) within a period, encompassing all causes of death. Neglect in
timely TEM estimation of disaster mortality results in delayed action by authorities and their
ability to define mitigation measures and prevent mortality in manmade and natural disasters
and in health crises such as the coronavirus disease 2019 (COVID-19) pandemic. Estimating
disaster mortality includes deaths directly attributable to the forces of a disaster and indirect
deaths which have been precipitated by unsafe or unhealthy conditions pre-, during, and
post-disaster.1 Globally, there is a lack of a standardized approach for estimating disaster mor-
tality.2 Use of event-attributable death counts as amethod tomeasure impact has also been criti-
cized as being flawed and heterogenic during crises such as Hurricanes Katrina and Maria, and
the pandemic. The effort to characterize the overall impact of Hurricane Maria in Puerto Rico
(PR) caused political strife and misguided responses until findings from a specific report com-
missioned on the disaster’s impact were communicated to the public. All because the lack of a
standardized approach for estimating disaster mortality.3,4 The COVID-19 pandemic presents
another example of the challenges, delays, and heterogeneity in the estimation at the jurisdic-
tion, national, and global levels of it’s true impact.5

In epidemiology “Total Mortality” (TM)—known as “all-cause mortality”—is an indicator
that reflects the overall result of the social, environmental, and health-care conditions in a pop-
ulation. The measurement of total mortality may be the simplest and most accessible indicator
to identify progress in treatments, hospital performance, societal health, and human security
performance. It is used as a benchmark for best practices for public health and health-care plan-
ning.6 TM varies by socioeconomic status with known gradients within societies. It is used by
media and analysts for their reporting and is measured by several national and regional systems
for disease-specific surveillance, but frequently omitted in actual policy-making.7–11

Excess mortality from a disaster or crisis is estimated through various statistical methods
including calculation of a mortality ratio, which compares “observed” deaths rates in the dis-
aster-affected population to the “expected” death rate during the same time period in previous
years.12

Estimation of excess mortality includes various methods for the establishment of a counter-
factual: the death rate of the population in the absence of the event. This can be established using
weekly ormonthlymortality data for the previous 3, 5, ormore years. The regressionmodel used
to estimate the difference between observed deaths and the “expected” counterfactual mean can
account for demographics, displacement, seasonal mortality trends, and other assumptions.11

World Health Organization’s (WHO) Vital Strategies includes a rapid TEM surveillance
method that estimates trends and excess mortality based on the expected age-specific mortality
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rates as observed in previous years, and the difference with the
observed rates.13 It can be carried out at the national, facility, or
even community level.11 PAHO, the WHO Regional Office for
the Americas, provided tools to support the development of coun-
tries’ capacities to conduct the analysis, estimating the baseline
from the historic average.14–16 European Union member countries
implemented a procedure for excess mortality estimation after the
Influenza A (H1N1) pandemic of 2009.17 This model is based on
the linear trends of 5-y mortality, correcting for information
delays, using large age groupings, and considering a Poisson to pre-
dict mortality in a given time frame with and without seasonality.
Poisson Regression models are used for modeling rare or infre-
quent events where the outcomes are count data, discrete data with
nonnegative integer values occurring during a timeframe.18

Individual countries have adapted their own methods. In the
United States (US),19 the Center for Disease Control and
Prevention (CDC) uses over dispersed Poisson modeling, based
on Farrington’s algorithm,20 adjusting for seasonality, and consid-
ering lag in information.

Recent contributions to themethods for calculating excess mor-
tality in disasters include the estimation of the impact of Hurricane
Maria in PR. Investigators observed the departure of the mortality
rate from baseline, accounting for seasonality, age, sex, date, and
socioeconomic status. Statistical modeling using over-dispersed
log-linear regression of mortality and mortality risk after
Hurricane Maria showed prolonged excess mortality compared
with baseline and extending 6 mo after the storm, with an increas-
ing mortality rate in older men and low-income populations.1,21

The investigators chose over-dispersed log-linear regression over
“Poisson regression because the number of monthly deaths is
greater than its mean, violating a basic condition of the Poisson
model. Over-dispersed log-linear models produce the samemodels
but different assessments of uncertainty compared with Poisson
regression.”19 Another study on excess mortality due to
Australian bushfires found that bushfires caused 417 excess deaths
from October 2019 to February 2020.22 Additionally, the world-
wide demand for real-time excess mortality data to understand
the COVID-19 pandemic’s true impact on the world population
prompted efforts to produce estimates. Notable examples of
COVID-19 death toll estimates are those developed by The
Economist and the Institute for Health Metrics and Evaluation
(IHME).7,8

The Economist uses a machine learning approach based
upon official excess mortality data and over 100 national indicators
that seem to correlate with excess deaths in over 80 countries where
data are available. This includes official deaths, scale of COVID-19
testing and the results of antibody surveys.7 IHME researchers
developed excess mortality estimates for 191 countries. They cre-
ated a database of available all-cause weekly or monthly mortality
data, correcting for time lags in reporting and underreporting of
deaths. They excluded weeks with heat waves where excess mortal-
ity might be overestimated owing to the large increase in mortality
observed from extreme heat during the pandemic. Expected mor-
tality was calculated using an ensemble model (which reduces the
spread of dispersions in predictions) to predict deaths in the
absence of the COVID-19 pandemic for the years 2020 and
2021. For locations where weekly or monthly all-cause mortality
data were not available, a statistical model was developed to cap-
ture the relationship between key COVID-19-related covariates
(eg, seroprevalence, infection detection ratio) and other population
level disease metrics, and excess mortality.8 One of several

limitations mentioned by the authors is that their estimates are
based on all-age mortality data, male and female data combined.8

This study describes the challenges of using different
approaches (namely cause-specific mortality) to assess event
impact and provide recommendations on how to integrate TEM
into day-to-day surveillance systems.

Assessing Disaster or Crisis-Related Mortality and Its Impact
on Decision-Making

The following sections address challenges to mortality surveillance
and build on Noe’s main challenges to disaster-related mortality
surveillance, with added consideration on the use of TEM.23

i. Defining disaster-related deaths by using cause-specific
mortality
Relying on death certificate attribution for official mortality counts
raises challenges in terms of the criteria for attribution used by the
physician certifying the death and accounting for indirect mortal-
ity. To date, the international community has not agreed on a def-
inition of disaster-related deaths, owing in part to the lack of
standard methodology in the certification of deaths in disasters
and in attribution of mortality.

The Technical Guidance for Monitoring and Reporting the
Global Targets of the Sendai Framework for Disaster Risk
Reduction (SFDRR) acknowledges the challenges in mortality
attribution.24,25 Member states have the flexibility to use their
national methodology tomeasure deaths related to a disaster, with-
out a strong guidance or approach. The report highlights that cause
of death (CoD) is frequently not recorded as associated with a dis-
aster. The SFDRR recommends that for monitoring and reporting
deaths for Target A, countries focus on direct causes of death,
which are easier to attribute, rather than using excess mortality
which would include indirect deaths resulting from complications
from chronic diseases, sidestepping the attribution of premature
mortality relating to disasters.22

The CDC released guidance in 1999 and 2017 on death certif-
ication in disasters, based on CDC’s uniform disaster mortality
case definitions with a pathway to determine attribution,26,27

Although codes for disaster related mortality exist in the
International Classification of Diseases (ICD-10), there is little
or no training on certifying deaths occurring in disasters. And
“currently no published standardized methodology exists for ana-
lyzing disaster-related mortality data”.2 Additionally, the defini-
tion of indirect deaths is still contested in the medical community.

ii. Capturing information in a timely manner
Delays in capturing cause-specific mortality information are a
recurring theme in the literature.28 In non-emergency settings,
all information is filled by corresponding agencies/individuals such
as the funeral director, the attending physician, and medical exam-
iners in cases of non-natural deaths, and should be available
through the national Civil Registration and Vital Statistics
(CRVS) system in a timely manner.29 Although the “report” of a
death is rapidly available, details on the death certificate, including
codes for the CoD can take weeks to process. For TEM estimation,
the only information required is a death event, age, sex, location,
date, and ideally race and socio-economic status.

Aside from issues in quality reporting, a crisis or disaster can
negatively impact the CRVS system’s functioning and the
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country’s capacity to accurately count deaths for an indeterminable
length of time. Post Hurricane Maria, the only medical examiner’s
office (PR Institute of Forensic Sciences) suffered from a backlog of
autopsies due to infrastructural damages and a severe shortage of
pathologists and other human resources. This interrupted the
completion/revision of final death certificates, lowering the official
death count. In the case of epidemics or pandemics, such as the
cholera outbreak in Haiti, country capacity to test and report cases
can also result in a lengthy process due to overwhelmed laborato-
ries, shortages in reagents and personnel.30,31

During the COVID-19 pandemic, measuring excess mortality
using deaths from all causes helped overcome reporting and testing
variations between countries, providing a summary measure of the
total impact of the crisis and allowing comparability between coun-
tries.32 Considering that timely mortality reports are essential to
mounting an effective response in disasters/crises, this approach
is also less liable to interruptions in death reporting due to delays
in processes for determining specific causes of death, as described
following Hurricane Maria.

Building TEM surveillance systems in advance requires
strengthening CRVS systems by: linking them to real-time “death
reports”, integrating these into epidemiologic surveillance, rou-
tinely measuring mortality trends and incorporating an alert sys-
tem for mortality peaks. It should be noted that, when trying to
identify the overall impact of Hurricane Maria, it took approxi-
mately 11 mo to estimate TEM because a system was not yet exist-
ent. Results allowed researchers to identify social and geographic
locations with the highest vulnerabilities. Advancing on this expe-
rience, during the COVID-19 pandemic, countries, states, and
some cities estimated their TEM, in the best scenarios within
2-4 wk, but usually within 3 to 6 mo. with little consideration of
its use to identify and target specific vulnerable groups at the local
level.33 This resulted in delayed actions by governments to mitigate
the impact of the crisis, leading to higher mortality rates.34

iii. TEM and cause-specific mortality for public health decision-
making and communication of impact
Lessons from the literature show that the counting of disaster-
related deaths can lead to underestimations of the true mortality
burden after a disaster or in a crisis, and directly affect government
response efforts and actions.35 The use of excess mortality can pro-
vide governments with more accurate information on the impact
of the disaster/crisis, using timely, readily available information
and used to guide decision-making, allocation of resources, and
crisis and risk communication. While accurate, timely estimation
of mortality in a disaster or crisis is crucial for appropriate mitiga-
tion and response efforts, these estimates are of little use if they are
not communicated effectively to the audiences that need this infor-
mation, namely governments, disaster managers, and the public.36

There are no established guidelines for communication onmor-
tality following disasters or crises.2 The lack of consensus on how to
convey this information to diverse stakeholders is problematic
given that mortality figures are key to understanding a disaster’s
magnitude and impact,6,37 as well as the rapidly evolving circum-
stances and effects of disasters occurring over longer time periods,
such as those occurring during the COVID-19 pandemic and the
extended recovery period following HurricaneMaria. Government
capacity to effectively communicate risk must begin with the com-
munication of impact, and mortality estimates are key indicators
for determining and interpreting true levels of disaster impact.

Guidelines for disaster mortality communication should be
established and integrated into Crisis and Emergency Risk

Communication (CERC) training for government leaders, public
health practitioners, and spokespersons. The consequences of this
gap came into focus following Hurricane Maria when delays in
mortality reports and mishandling of the situation by communica-
tors contributed to major controversy and public backlash.
Development of such guidance is complicated by a lack of research
in this area, especially to elucidate how public audiences compre-
hend mortality estimates and interpret them in relation to risk
mitigation.34,38,39

Changing Global, National, and Local Practice: Six
Recommendations to Build Total (All-Cause) Excess
Mortality Surveillance Systems

The following recommendations were developed based on findings
from the literature on the challenges of using cause-specific mor-
tality and the benefits of using TEM for rapid decision-making.

1. Use total excess mortality as the minimum standard for
mortality surveillance in a disaster/crisis
Total, all-cause, excess mortality as the indicator for emergency
response helps to provide a quick picture of the impact of a disas-
ter/crisis.

TEM surveillance during the COVID-19 pandemic is now
considered a thorough and trustworthy approach to measure the
impact of mortality by the pandemic. TEM data overcome inac-
curate counts due to: (i) misdiagnosis or under-reporting of
COVID-19 related deaths; (ii) disruption of care for unattended
health conditions due to an overwhelmed health system40,41;
(iii) care-seeking hesitation; (iv) the prioritization of COVID-19
patients over those with other ailments. Although cause-specific
mortality provides deep insights on the impact of a disaster or
crisis, the information presented above demonstrates that it is
better used in the postdisaster setting.

2. Pre-establish baseline mortality with regular surveillance for
real-time use during crisis
To allow timely response to an emergency, a continuous mortality
surveillance system based on initial death “reporting” should be
established in advance at the national and local levels. Once a dis-
aster or crisis strikes, the model would already be in place to iden-
tify real-time spikes in mortality and a departure from baseline.
There is opportunity for creating a continuous statistical model
for overall, local, and national mortality surveillance. This simpli-
fied approach can even be used in low- and middle-income coun-
tries, where national capacity to evaluate cause-specific mortality
may be limited, but the establishment of a baseline mortality sur-
veillance system is feasible.

3. Structure the baseline (counterfactual) mortality on previous
mortality and the demographic composition of the population
The counterfactual to predict expected deaths should be built in
advance at all levels and include data on all-cause mortality con-
sidering seasonal patterns as well as the size of and changes to the
population.19 Key demographic variables include population age
structure, sex, date, location, race, and socioeconomic status.
Events which have a major effect on mortality such as natural
disasters, heat waves, and armed conflict, etc.,29 should also be
considered.
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4. Mandate an integrated information system between
departments of civil registration and epidemiologic
surveillance
Establishing shared data systems between the CVRS and the epi-
demiologic surveillance departments, to promote continuous data
analysis, assures timeliness of TM information. Analysis for TEM
only requires the use of the “initial report of death” (including
sections 1-24 of the US Standard Death Certificate) to identify
peaks, affected population groups, and geolocation to support
the immediate response.

5. Develop mortality impact communication protocols for crisis
management
For mortality surveillance to inform crisis and disaster planning
and policies, as well as decision-making by government and public
health leadership, risk, and impact communication must be priori-
tized, including the communication of disaster mortality.
Differentiate risk communication from impact communication
to the different target groups and prepare for effective support
to policy-makers and communicators so objective situation aware-
ness is supported, and informed decisions.

6. Benchmark and monitor Total Excess Mortality to identify
critical public health needs locally, regionally, nationally,
and globally
Given the heterogeneous codification of mortality between coun-
tries (as observed in COVID-19, being dependent on the differen-
tial testing and diagnosis confirmation rates), establishing TEM as
the indicator to compare mortality between national jurisdictions
and between countries will show the overall impact on population
and social systems performance, independent of the diagnostic
resources, helping to identify regions and populations requiring
immediate attention.

Conclusions

Based on the literature from disasters and crises such as the
COVID-19 pandemic, and the challenges identified from using
cause-specific mortality to estimate impact, this article calls for
the use of a TEM surveillance system for real-time use in public
health response to target actions in crises and disasters.

Current practice for measuring mortality in a disaster, man-
made or from natural causes, is not yet standardized at the global
level. Challenges include the contested definition of deaths attrib-
utable to a disaster and the health systems infrastructure to rapidly
collect high-quality vital statistics data. Obstacles include low
capacity for disease surveillance, poor integration of CRVS systems
to epidemiologic surveillance, major upheavals in a country owing
to disasters or armed conflict, or local practices. These hardships
have led to an underestimation of natural disasters impact such as
Hurricane Maria in Puerto Rico, and of the COVID-19 pandemic.

To overcome these challenges, techniques have been developed
to estimate mortality rates in the absence of detailed mortality
data.42 Establishing TEM surveillance systems requires political
will on the part of government officials and policy-makers to
standardize national practice, and communication between key
government agencies that produce demographic data, and public
health authorities that systematize, analyze, and use the data to
guide interventions.

Accurate estimation of TEM that identifies age, sex, date, race,
socio-economic, or geographic location of the most affected pop-
ulations can inform the development of effective policies and

interventions to prevent deaths and contribute to world knowl-
edge. This will provide added value to a routine medico-legal
procedure, improve surveillance systems, and improve decision-
making at all levels of governance. Through “real-time” readily
available data, measuring TEM will contribute to the protection
of the population’s health and safety in a disaster or crisis.
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