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The Sendai Framework for Disaster Risk Reduction provides quantitative indicators for nations to measure progress in
the reduction of disaster losses. The collection and analysis of disaster loss data under the Sendai Framework improves
our understanding of the effectiveness of national disaster risk reduction strategies and interventions. The Sendai
Framework has enhanced cooperation among Federal agencies to collect and track disaster loss data in the U.S., yet
challenges remain for reporting disaster losses. Based on our experiences collecting and reporting U.S. data to the Sen-
dai Monitor, we identify opportunities to improve disaster loss reporting in the U.S.
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1. Introduction

From 2015 to 2019, the United States (hereafter the U.S.) sustained 69
weather and climate disaster events in which economic losses exceeded $1
billion. These disasters claimed nearly four thousand lives and caused over
half a trillion dollars in economic damage [44,56]. As the frequency and
cost of disasters continues to rise [7,39], efforts to understand the impacts
of these events, and how to mitigate those impacts effectively becomes
ever more critical. The collection and analysis of long-term disaster loss
data is a key part of any approach to addressing these urgent needs.Without
these data, it is impossible to establish a baseline against which to measure
the effects of interventions. Further, as a nation we must fully understand
the true geographic and sectoral extent of disaster losses to best know
how and where to intervene with future mitigation efforts, and whether
past mitigation efforts were effective (Pew Charitable [10,41,48,58]).

The Sendai Framework for Disaster Reduction 2015–2030 (hereafter re-
ferred to as the Sendai Framework) is a non-binding United Nations (UN)
agreement that promotes disaster risk reduction and includes 38 quantita-
tive indicators to measure progress and determine global trends in the re-
duction of risk and losses due to disasters [61]. The adoption of the
Sendai Framework has given UN member nations a consistent structure to
report these important disaster loss data and better understand disaster
loss trends at a national level. Robust national-level disaster loss data is im-
portant for global risk assessments, risk management programs, emergency
response, planning and preparedness, and identification of research gaps
[27]. Therefore, it is critical that the U.S. contributes accurate and globally
aligned data to best support domestic and international efforts towards
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reducing the impact of disasters [27]. After passing the five-year mark
since the adoption of the Sendai Framework that occurred in March
2020, international scholars are calling for 1) improved and continued
reporting and 2) the United Nations Office for Disaster Risk Reduction
(UNDRR) to guide the comprehensive transformation of international di-
saster loss reporting [66]. In addition, global attention is expanding beyond
the collection of indicator data towards the implementation of policy prior-
ities based on these data [31,34].

The task of collecting and reporting disaster loss data for the U.S. is not
straightforward. The U.S. Government has neither a common format for
collecting and reporting impact data across all hazards nor a single agency
or office that is responsible for collecting that data. Additionally, most di-
saster response and recovery in the U.S. occurs at the state and local levels
rather than the Federal level, making nationally consistent data collection a
challenge. As a result,much of theU.S. data reported in regard to the Sendai
Framework is limited to large-scale disasters and/or certain hazard types.
Logistical, administrative, political, technical, and operational challenges
can also act as barriers to gaining a complete picture of disaster losses across
the U.S. Thus, those examining U.S. data should understand that, while
they likely represent general trends in disaster losses across the country,
the dataset is incomplete. The U.S. is not alone in facing these challenges.
Many other UN member countries have spent the past five years working
to improve reporting and to develop new systems of intergovernmental col-
laboration to drive that improvement [26,38].

During the first five years of reporting to the Sendai Framework, the U.S.
saw a growing interagency effort to collect both loss and preparedness data
from a breadth of Federal sources. The Federal interagency coordination
ca.
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group, Science for Disaster Reduction (SDR), is the U.S. National Disaster
Risk Reduction (DRR) focal point responsible for collecting information on
Sendai Framework indicators on behalf of the U.S. Department of State
and reporting those data to the UN as part of U.S. commitments under the
Sendai Framework. The authors of this paper are SDR participants and
include representatives from the U.S. Geological Survey (USGS), National
Oceanic and Atmospheric Administration (NOAA), U.S. Agency for Interna-
tional Development (USAID), and the Federal Emergency Management
Agency (FEMA).

In this paper, we begin by identifying the Sendai Framework indicators
on which the U.S. Government has reported thus far and address some of
the limitations of collating these data at a national level. Drawing upon
our experiences collecting these data and assessing disaster loss reporting,
we then explore opportunities for improved disaster loss reporting in the
U.S., and potential challenges to realizing those opportunities.

2. Sendai reporting in the U.S.: methods and data sources

The Sendai Framework outlines seven global targets to be achieved by
2030. First, to substantially reduce:

A) Global disaster mortality,
B) The number of affected people,
C) Economic loss in relation to gross domestic product, and
D) Damage to critical infrastructure and services disruption.

And second, to substantially increase:

E) The number of countries with national and local disaster risk reduction
strategies,

F) International cooperation to developing countries, and
G) Availability of, and access to, early warning systems and disaster risk re-

duction information.

The Sendai Framework identifies a total of 38 data indicators to mea-
sure each participating nation's progress towards success for these seven
global targets [61]. Our methodology consists of identifying which U.S.
data relates to these 38 data indicators and collecting these data from Fed-
eral agencies involved in disastermanagement and recovery activities. Fed-
eral agencies that were identified as already having collected information
relevant to Sendai indicators include: the U.S. Department of Commerce's
Bureau of Economic Analysis (BEA), Census Bureau, the U.S. Department
of Education (ED), FEMA, NOAA, the Small Business Administration
(SBA), and the U.S. Department of Agriculture (USDA).
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Fig. 1. Proportion of Sendai indicators for which the U.S.
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Data collected from these agencies were then aggregated and reported
to the UNDRR's online tool for reporting, management, and analysis of Sen-
dai Framework data (hereafter referred to as the Sendai Monitor) [59] by
the SDR after State Department clearance. In 2020, the U.S. voluntarily re-
ported on 24 of 38 possible indicators (Figure 1). The number of indicators
for which the U.S. reports data increased from 22 in 2017 to 24 in 2020 as
new data sources were identified. The SDR continues to work with partici-
pating Federal agencies to increase its reporting capabilities.

The SDRhas limited itself to reporting disaster loss data that can be con-
sistently retrieved and aggregated each year, for the entire nation, for the
whole 15-year lifespan of the Sendai Framework (2015–2030). These
data are often associated with disasters declared by the President of the
United States under the Robert T. Stafford Disaster Relief and Emergency
Assistance Act [51]. A presidential declaration under the Stafford Act is
madewhen the President of the United States determines that a given disas-
ter requires Federal assistance or is beyond the ability of affected state and
local governments, or tribal governments, subject to the requirements of
the Stafford Act [13].

Most disasters in the U.S., however, are not presidentially declared [53].
Instead,most disasters in the U.S. aremanaged, and their losses recorded, at
the state and local levels. The losses associatedwith these disasters are often
not aggregated at the Federal level (see Section 3). In some cases, state and
local-level data are collected by universities, research organizations and
others, but not in a geographically or methodologically consistent or com-
plete manner.

Some domestic disaster loss databases do exist for the U.S., including
Spatial Hazard Events and Losses Database for the United States
(SHELDUS). These databases, however, draw primarily from the same Fed-
eral sources that are already included in our reporting, (such as theNational
Centers for Environmental Information) rather than aggregating different,
more detailed county-level information [1]. Although the SDR is confident
that the data reported to the Sendai Monitor are a best representation of na-
tionally consistent data available in the U.S., we acknowledge that the data
for some indicators are an underestimation.
2.1. Target A: reducing mortality

Tables 1–7 identify the 38 Sendai indicators, showing indicators for
which it was possible for the U.S. Government to report data (indicated
by a circle symbol), indicators for which the U.S. Government does not re-
port data due to policy limitations that are further explained in Section 2.6
(diamond symbol), and indicators for which data have not been reported,
r data repor�ng
019

Possible for the U.S. to report (24)

Not possible for the U.S. to report
due to policy limita�ons (8)

Not yet possible for the U.S. to
report, but may be able to do so in
the future as be�er data or
analyses becomes available (6)

Government can and cannot report data, 2015–2019.



Table 1
U.S. reporting on indicators related to disaster mortality.

U.S.
reporting

Indicator Hazards addressed Data sources

Substantially reduce global disaster mortality by 2030, aiming to lower average per 100,000 global mortality between 2020 and 2030 compared with 2005–2015.
● Number of deaths attributed to disasters • Weather-related hazards (e.g., severe storms, flooding, freezes, winter storms, and tropical

cyclones)
• Climate-related Hazards (e.g., wildfire, excessive heat/heatwaves, debris flows)

NOAA Storm Data [45]

▲ Number of missing persons attributed to
disasters

Table 2
U.S. reporting on indicators related to the number of people affected by disasters.

U.S.
reporting

Indicator Hazards addressed Data sources

Substantially reduce the number of affected people globally by 2030, aiming to lower the average global figure per 100,000 between 2020 and 2030 compared with 2005–2015.
● Number of injured or ill people attributed to disasters • Weather

• Hazards related to climate change
• NOAA Storm Data [45]

● Number of people whose damaged dwellings were attributed to disasters • Presidentially declared disasters (PDDs) (All
Hazards)

• FEMA Individuals and Households
Program

• SBA Administrative disaster declarations (All
Hazards)

• PDDs (All Hazards)

• SBA Office of Disaster Assistance Home
Loans

● Number of people whose destroyed dwellings were attributed to disasters • PDDs (All Hazards) • FEMA Individuals and Households
Program

• SBA Administrative disaster declarations (All
Hazards)

• PDDs (All Hazards)

• SBA Office of Disaster Assistance Home
Loans

▲ Number of people whose livelihoods were disrupted or destroyed, attributed
to disasters
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but the SDR has determined there is potential for future reporting as better
data or analysis become available (triangle symbol).

Target A (Table 1) measures disaster mortality, including deaths and
missing persons. U.S.mortality data reported to the SendaiMonitor are lim-
ited to weather and climate-related hazards. This dataset remains incom-
plete, as it lacks information on deaths attributed to geophysical,
biological, and technological disasters. Even data related to weather-
related mortality may be limited due to the many challenges that the U.S.
faces regarding reporting and recording disaster-relatedmortality andmor-
bidity. These challenges stem from a lack of standardization across county,
state, and Federal systems for hazard-related mortality reporting [40].

Currently, the Federal government does not report on missing persons
attributed to U.S. disaster events. Although the Federal Bureau of Investiga-
tion (FBI) collects information onmissing persons related to “catastrophes”
that include airplane crashes, terrorist attacks, and natural disasters, along
with other potential scenarios [5], these data are not disaggregated in away
that can be used for Sendai reporting. As a result, the U.S. is unable to report
on the number of people declared missing as a result of natural disaster
events. If the FBI were able to disaggregate these data, reporting on this in-
dicator may be possible in the future.

2.2. Target B: Reducing people affected

Target B (Table 2) measures the number of directly affected people at-
tributed to disasters, including injuries and illnesses and damaged or
destroyed dwellings. For the number of injured or ill people, the U.S. has
been able to report the number of people suffering direct injuries only
from weather and disasters likely to be related to climate change [45]. As
noted in Section 2.1, this excludes injuries and illness from a number of
other disaster types, rendering the data the U.S. is able to report incomplete.

The number of damaged and destroyed dwellings reported is limited to
those impacted by PDDs or SBA Administrative disaster declarations.
FEMA's Individual Assistance (IA) grant program's Individuals and House-
holds Program is used to provide assistance to uninsured or under-insured
3

disaster loss survivors following catastrophic disaster events [15]. Simi-
larly, the SBA Disaster Loan Program provides assistance to uninsured or
underinsured households and businesses [55].

The SDR recognizes that reporting disaster loss statistics based on these
programs paints an incomplete picture of damage and loss to homes due to
disasters. Many hazards are covered by homeowner's insurance, but dam-
age caused by floods, storm surge, and earthquakes typically are not [23].
For these hazards, homeowners need to take out additional private earth-
quake insurance, and/or flood insurance through the National Flood Insur-
ance Program. Thus, certain hazard losses may only be recorded by the
insurance industry and may not be reported at the Federal level [57]. Fur-
ther, some research has shown that socially vulnerable populations may
be less likely than others to receive short-term emergency assistance, leav-
ing some critical statistics out of our accounting [11,18,33,50].

The final indicator in Target B quantifies the number of people whose
livelihoods were disrupted or destroyed due to disasters at a national
scale. This includes the number of workers affected by the damage or loss
of crops, livestock, or productive asset facilities due to disasters. The U.S.
has not yet been able to report on this indicator, as there is no accepted
means of estimating the relevant number of workers per productive asset
(land area, production facility, etc.) that could be potentially matched
with Federal disaster data concerning those assets. As better data and
methods of analysis emerge over time, however, this indicator may be pos-
sible to report on in the future.

2.3. Target C: reducing economic loss

Target C (Table 3) measures the direct economic loss attributed to disas-
ters, which is presented in relation to gross domestic product. Direct eco-
nomic losses include agricultural losses, losses to productive assets, direct
economic losses in the housing sector, direct economic losses from dam-
aged or destroyed critical infrastructure and cultural heritage.

The U.S. Department of Agriculture (USDA) notes that the estimated ag-
ricultural losses data that they are able to provide are an underestimate



Table 3
U.S. reporting on indicators related to economic loss due to disasters.

U.S.
reporting

Indicator Hazards addressed Data sources

Reduce direct disaster economic loss in relation to global gross domestic product (GDP) by 2030.
● Direct agricultural loss attributed to disasters • Eligible adverse weather events, disease, and

attacks
• USDA Federal Crop Insurance Program
• USDA Livestock Indemnity Program (LIP)
• USDA Emergency Livestock Assistance Program
(ELAP)

• Disasters declared by NOAA's National Marine
Fisheries Service (NMFS)

• NOAA NMFS

● Direct economic loss to all other damaged or destroyed productive
assets attributed to disasters

• SBA Administrative disaster declarations (All
Hazards)

• SBA economic injury disaster declarations
• PDDs
• Secretary of Agriculture disaster declarations
(All natural hazards)

• SBA Office of Disaster Assistance Home Loans

● Direct economic loss in the housing sector attributed to disasters • Weather-related disasters • Property Claim Services (PCS) annual aggregate
data shared by NOAA [32]

• SBA Administrative disaster declarations (All
Hazards)

• SBA economic injury disaster declarations
• PDDs
• Secretary of Agriculture disaster declarations
(All natural hazards)

• SBA Office of Disaster Assistance Home Loans

• PDDs • FEMA Individuals and Households Program
• Floods • FEMA National Flood Insurance Program

● Direct economic loss resulting from damaged or destroyed critical
infrastructure attributed to disasters

• PDDs • FEMA Public Assistance (PA) Program

▲ Direct economic loss to cultural heritage damage or destroyed
attributed to disasters
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because: a) not all disasters are eligible for USDA Livestock Indemnity Pro-
gram (LIP) or USDA Emergency Livestock Assistance Program (ELAP) pay-
ments, b) some producers' lossesmay notmeet eligibility requirements, and
c) many producers choose not to claim losses under LIP or ELAP [63,64].
NOAA National Marine Fisheries Service (NMFS) data may also be an un-
derestimate because not all fishery disasters may meet necessary criteria
for a disaster determination.

U.S. economic losses in the housing sector due to disasters are derived
from a number of sources, listed in Table 3. For example, NOAA provides
annual Property Claim Services (PCS) insured residential paid losses for
all combined weather disasters, reflecting events with >$25 million in in-
sured losses that have affected a significant number of policyholders and in-
surers [57]. PCS aggregates private sector insurance data and is recognized
internationally as an authoritative source [32].

It is challenging to quantify the degree to which U.S. economic loss data
may be underestimated. The economic losses reported to the Sendai Moni-
tor by these Federal sources are actually greater than those recorded in the
International Disaster Database (EM-DAT) [8]. In the future, SDR would
benefit from comparing its findings with those of the reinsurance industry
for a more complete understanding of reporting gaps.

The U.S. has not yet been able to report on economic losses related to
the loss of education facilities health facilities, or on direct economic loss
Table 4
U.S. reporting on indicators related to damage and disruption to critical infrastructure a

U.S.
reporting

Indicator

Substantially reduce disaster damage to critical infrastructure and disruption of basic services
resilience by 2030

● Number of destroyed or damaged educational facilities attributed to disasters.

● Number of disruptions to educational services attributed to disasters
▲ Number of disruptions to health services attributed to disasters
▲ Number of destroyed or damaged health facilities attributed to disasters.
● Number of other destroyed or damaged critical infrastructure units and facilities a

disasters
● Number of disruptions to basic services attributed to disasters

4

from damaged or destroyed cultural heritage due to disasters. The SDR con-
tinues to work with the Department of Education and with the Department
of Health and Human Services Office of the Assistant Secretary for Pre-
paredness and Response to be able to report on the dollar value of these
losses. Although the U.S. can report on the number of damaged or
destroyed educational facilities (see Section 2.4), it is currently impossible
to attribute a specific dollar amount to these losses. It is not possible to re-
port health facility data because most health facilities are private and/or
privately insured and have little incentive to report damage or loss to the
Federal government (see Section 5.4). The SDR continues to explore how
to report on cultural resource damages with the National Park Service, Na-
tional Endowment for the Arts, FEMA, and the Smithsonian Institution.
While many institutions collect data related to this topic, there is no stan-
dardized disaster loss reporting mechanism for cultural resource damages
due to disasters.

2.4. Target D: reducing damage and disruption to critical infrastructure and
services

Progress on Target D (Table 4) is measured by reporting disaster dam-
age to critical infrastructure and disruption of basic services, including
health and educational facilities. The U.S. has not been able to report on
nd services.

Hazards
addressed

Data sources

, among them health and educational facilities, including through developing their

• All
Hazards

• Department of Education Federal Student Aid
Office

• PDDs • FEMA Public Assistance Program

ttributed to • PDDs • FEMA Public Assistance Program

• PDDs • FEMA Public Assistance Program



Table 5
U.S. reporting on indicators related to the adoption of DRR strategies.

U.S.
reporting

Indicator Hazards
addressed

Data sources

Substantially increase the number of countries with national and local disaster risk reduction strategies by 2020.
● Detailed rating to score adoption and implementation of national disaster risk reduction strategies in line with the

Sendai Framework for Disaster Risk Reduction 2015–2030
• FEMA Strategic Plans for 2014–2018
and 2018–2022

● Number of local governments with DRR strategy in line with national strategies • Stafford Act; FEMA Hazard Mitiga-
tion Plan Status [12]

Table 6
U.S. reporting on indicators related to international cooperation.

U.S.
reporting

Indicator Hazards
addressed

Data
sources

Substantially enhance international cooperation to developing countries through adequate and sustainable support to complement their national actions for implementation of this
framework by 2030.

◆ Total official international support, (official development assistance (ODA) plus other official flows), for national disaster risk reduction actions
◆ Total official international support (ODA plus other official flows) for national disaster risk reduction actions provided by multilateral agencies
◆ Total official international support (ODA plus other official flows) for national disaster risk reduction actions provided bilaterally
◆ Total official international support (ODA plus other official flows) for the transfer and exchange of disaster risk reduction-related technology
◆ Number of international, regional and bilateral programs and initiatives for the transfer and exchange of science, technology and innovation in disaster

risk reduction for developing countries
◆ Total official international support (ODA plus other official flows) for disaster risk reduction capacity-building
◆ Number of international, regional and bilateral programs and initiatives for disaster risk reduction-related capacity-building in developing countries
◆ Number of developing countries supported by international, regional and bilateral initiatives to strengthen their disaster risk reduction-related

statistical capacity
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the number of destroyed or damaged health facilities attributed to disasters
(see section 2.3). Conversely, the U.S. does report on this number for edu-
cational facilities.

The U.S. Department of Education manually collects data on the num-
ber of Higher Education facilities that experienced flood, water, or struc-
tural damage or destruction due to disasters. The Department of
Education collects these data when tracking the operating status of Title
IV eligible school locations – institutions that process U.S. Federal student
aid – that are impacted by natural disasters (Ingrid Valentine, Department
of Education Federal Student Aid Office, written communication, 30 July
2020). The U.S. also reports on disasters that disrupt educational services.

Currently, disaster loss reporting for primary and secondary schools
faces two main challenges. First, states and school districts are not required
to report as to the closure or damage/destruction of a building due to a di-
saster at a Federal level. Second, reporting may be further complicated by
schools with numerous buildings where some, but not all may be damaged.
Schools damaged or destroyed by disasters sometimes fall into specific stat-
utory relief programs or as a part of competitive or disaster assistance grant
program requests. Grant funds, however, are often not tied to specific
schools or structures but rather to districts or regions (Douglas Geverdt, De-
partment of Education National Center for Education Statistics, written
communication, 28 May 2020).

Due to the security concerns of some agencies thatmanage critical infra-
structure in the U.S., data reported on other destroyed or damaged critical
infrastructure units and facilities are an underestimate (see section 3.5). It is
difficult for the SDR to determine the scale of this underestimate without
the disclosure of information on the nature of these sensitive data sources.
2.5. Target E: increasing countries with DRR strategies

UNDRR instructs countries to rate the adoption and implementation of
national Disaster Risk Reduction (DRR) strategies in line with the Sendai
Framework (Table 5) based on the following 10 key elements covering
whether the strategies:

1. Have different timescales, with targets, indicators and timeframes
2. Have objectives and measures aimed at preventing the creation of risk
5

3. Have objectives and measures aimed at reducing existing risk
4. Have objectives and measures aimed at strengthening economic, so-

cial, health and environmental resilience
5. Are based on risk knowledge and assessments to identify risks at the

local and national levels of the technical, financial and administrative
disaster risk management capacity

6. Mainstream and integrate DRRwithin and across all sectors with defin-
ing roles and responsibilities

7. Guide the allocation of the necessary resources at all levels of adminis-
tration for the development and the implementation of DRR strategies
in all relevant sectors

8. Strengthen disaster preparedness for response and integrate DRR re-
sponse preparedness and development measures to make nations and
communities resilient to disasters

9. Promote policy coherence and compliance, notably with the SDGs and
the Paris Agreement

10. Have mechanisms to follow-up, periodically assess and publicly report
on progress
The U.S. score is based on the degree towhich the FEMA Strategic Plans

for 2014–2018 and 2018–2022 align with these 10 key elements for the re-
spective calendar years [14,16]. The second indicatormeasures the number
of local governments that have local DRR strategies in line with national
strategies. For the U.S., “local governments” are treated as “U.S. state gov-
ernments,” and all U.S. states, the District of Columbia, and five U.S. terri-
tories have state mitigation plans approved by FEMA [12]. In contrast to
potential underestimates in U.S. reporting for other indicators, the SDR is
highly confident that there is little to no underestimation in U.S. reporting
for Target E indicators.

2.6. Target F: increasing international cooperation

The U.S. reports whole-of-government official foreign assistance data
and information to the Development Assistance Committee of the Organi-
zation for Economic Co-operation and Development (OECD) on an annual
basis [62]. However, data for Sendai Target F indicators (Table 6) are not
part of OECD data requirements and were not collected. Therefore, the
U.S. does not report data on Target F of the Sendai Framework.



Table 7
U.S. reporting on indicators related to early warning and risk information.

U.S.
reporting

Indicator Hazards
addressed

Data sources

Substantially increase the availability of and access to multi-hazard early warning systems and disaster risk information and assessments to the people by 2030
● Number of countries that have multi-hazard and forecasting systems FEMA Integrated Public Alert and

Warning Systems Division
● Number of people covered by multi-hazard early warning systems FEMA Integrated Public Alert and

Warning Systems Division
● Number of local governments having a plan to act on early warnings FEMA Integrated Public Alert and

Warning Systems Division
● Number of countries that have accessible, understandable, usable, and relevant disaster risk information and

assessment available to the people at national and local levels
Pew Research Center

▲ Population exposed to or at risk from disasters protected through pre-emptive evacuation following early warning
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2.7. Target G: increasing availability of early warning and risk information

Target G (Table 7) measures the availability of, and access to, multi-
hazard early warning systems and disaster risk information and assess-
ments. The U.S. has numerous early warning systems for extreme,
sudden-onset hazards including meteorological events, as well as localized
early warning systems for geophysical events like earthquakes and tsu-
namis [46,65]. Instead of reporting on the coverage of multi-hazard early
warning systems themselves, the SDR reports on the coverage of alert noti-
fication systems that deliver hazard information to the population. Alert
and notification systems enable people to take protective actions based on
early warnings; thus, the SDR determined that this metric better meets
the intent of this indicator.

NOAA and FEMA-supported mechanisms cover 100% of the U.S. popu-
lation via one or more hazard alerting pathways, including the Emergency
Alert System (radio, television broadcasters, and cable media networks)
and cellular broadcast Wireless Emergency Alerts. All U.S. states and terri-
tories have developed comprehensive emergency management plans
speaking to the distribution of a state or local emergency warning. Most
of the U.S. population lives in a local jurisdiction that has access to the In-
tegrated Public Alert and Warning System to send Emergency Alert System
messages and Wireless Emergency Alerts.

U.S. disaster risk information is readily available on official government
websites (e.g., FEMA's National Risk Index) [43]. For such online informa-
tion, United Nations guidance recommends using a country's national inter-
net penetration rate as a proxy for the accessibility and availability of
disaster risk information [60]. Therefore, the percentage of U.S. adults
who use the internet, tracked by the Pew Research Center [49], is reported
as a proxy for the accessibility of understandable, usable, and relevant di-
saster information. The internet penetration rate is an imperfect proxy,
given that not every person with internet access may be aware of, or moti-
vated to seek out, authoritative disaster risk information.

A sub-indicator for Target G concerns the percentage of the population
exposed to or at risk from hazards that is protected through pre-emptive
evacuation following early warning. The SDR has not yet determined if it
can report on this indicator. Given that the majority of evacuation orders
in the U.S. are issued by local governments, it is unlikely that the Federal
government would be able to report these data.

3. Challenges and opportunities

Below we focus on challenges that the Federal government's SDR inter-
agency coordination group encountered as we reported disaster losses to
the Sendai Monitor. Given that this effort is still relatively new, much of
this reporting work has involved individual consultation with disaster risk
reduction experts across Federal agencies to better understand what data
those agencies collect and how (orwhether) disaster loss data can be aggre-
gated and reported. This process has allowed us to better understand and
capture challenges to consistent, national-scale disaster loss reporting.

There is a wealth of literature on challenges to disaster loss reporting
[2,10,23,37,40–42]. This literature touches on a wide variety of reasons
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that disaster losses are notwell reported, spanning froman inability to report
due to disability, lack of education, or fear of reprisal [18,52], to issues with
the definition of what makes a “disaster” [23]. It has also been pointed out
that with ‘slow-onset disasters’ (e.g. drought) or disasters that have a ‘long
tail’ (e.g. toxic chemical spill) a true accounting of disaster losses cannot be
made until long after the initial event has occurred [19,20,36,47,54]. Com-
prehensive disaster loss reporting also suffers from other important tempo-
ral, geographic, threshold, hazard, and accounting biases to disaster loss
reporting [22,23]. While each of these topics are of concern, in this paper
we focus on the administrative and policy-driven challenges that the SDR
encountered in the reporting of U.S. disaster losses to the Sendai Monitor.

Sendai reporting efforts in the U.S. have faced four main challenges:
1) the lack of a national focal point and Federal mandates for disaster loss
reporting, 2) the lack of consistent and systematic data collection and
reporting across Federal agencies, 3) the lack of strong incentives for
local, county, and state entities to report disaster loss statistics to the Fed-
eral government, and 4) the lack of reporting on particular disaster losses
due to security concerns. Some of these challenges may never be overcome
and others would require massive efforts and resources to resolve. In other
cases, opportunities for improvement have already been identified and are
being acted upon by government agencies.
3.1. Challenge: lack of central focal point for disaster loss reporting

As noted in Section 2 above, if a disaster is not presidentially declared,
losses are often recorded only at the county or state level and not aggre-
gated at the Federal level [4,23,40]. Such disaster loss data have been col-
lected and archived in different ways, for different purposes, and at
different temporal and geographic scales [9,23]. Effectively collecting and
standardizing these data on an annual basis would require a team of dedi-
cated staff. Currently, that resource is lacking in the U.S. There is no single
agency or office within the U.S. government with a mandate to collect and
analyze all disaster loss information. Instead, reporting to the Sendai Mon-
itor is led by the SDR, a small coordinating body within the Federal govern-
ment that has no administrative or regulatory authority.

As a result, U.S. reporting to the Sendai Monitor is limited to the collec-
tion of easily accessible data, such as those derived from presidentially de-
clared disasters, and may continue to exclude losses from smaller-scale
incidents [6,53]. As Gall, et al. [23] point out, “the insurance industry has
a better understanding of economic losses suffered from natural hazards
than the U.S. government despite the multitude of Federal agencies that
focus on natural hazards.”

Opportunity: A critical first step towards reporting Sendai Framework
data is to standardize national disaster preparedness and loss data
reporting. The 2012 National Academies of Sciences, Engineering, and
Medicine report, Disaster Resilience: A National Imperative, specifically rec-
ommends developing a national database for U.S. disaster losses to develop
more quantitative models and understand vulnerability [41]. The creation
of such a database may encourage an interagency effort to consolidate in-
formation across disaster response agencies.
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Creating a funded mandate for a particular office, agency, or group to
act as the Federal focal point to collect and standardize disaster loss data
across the U.S. may also enable dedicated staff to work with other Federal
agencies, as well as state, local, and tribal governments to improve disaster
loss reporting over time. This mandate would assign responsibility for cre-
ating and maintaining a disaster loss database, while also expanding the
types and the number of hazards for which U.S. disaster loss data is
aggregated.

3.2. Challenge: lack of federal mandate or funding for standardized disaster loss
reporting across all agencies

In the U.S., only certain Federal agencies are mandated and funded by
the U.S. Congress to collect disaster loss data pertaining to their mission.
For example, NOAA's National Centers for Environmental Information col-
lects and updates quarterly information on climate and weather-related di-
sasters whose losses amount to more than one billion-dollars [44]. NOAA
also documents death and injury data for all reported and observedweather
events as a standard operating procedure of the 122 National Weather Ser-
vice offices throughout the country [45]. FEMA's collection of disaster loss
data is tied largely to disasters declared by the president under the Stafford
Act.

Although the USGS is responsible for the study of geophysical and bio-
logical hazards, the USGSdoes not systematically collect information on the
mortality, morbidity, or economic losses associated with these hazards be-
cause it is not mandated to do so by Congress. Thus, while some U.S. gov-
ernment agencies may engage in mission-specific disaster loss reporting,
mandates for national disaster loss reporting at the Federal level are uneven
and incomplete. Beyond these mandates, funding is critical to carrying out
these tasks appropriately. Disaster loss reporting in individual sectors of the
Federal government requires manpower, appropriate information technol-
ogy (IT) structures, and the funding to create and maintain them over the
long term (Pew Charitable [48]).

Opportunity: Increase the types of hazards for which the U.S. can report
disaster losses by 1) examining the types of disaster loss data each Federal
agency could provide and 2) mandating the standardized reporting of
those data. Such mandates for standardized disaster loss data reporting
may also increase the ability for the U.S. government to report on losses
occurring at more localized scales by including standardized data that is
collected at thefield or regional office level. Finally, mandates for standard-
ized data reporting could provide opportunities for data sharing and data
interoperability across and between agencies that have not yet been
realized.

3.3. Challenge: federal government agencies do not always collect internal disas-
ter loss data in formats compatible with Sendai reporting

Federal agencies also face gaps in reporting on disaster losses for the
considerable number of Federal government-owned assets. The Federal
government owns around 640 million acres of land in the U.S., totaling
around 28% of the country's total land area [3]. The Federal government
also owns or leases over 9000 civilian-use buildings across the country
[28]. Moreover, this footprint does not include the U.S. Department of De-
fense, which has its own extensive real property portfolio [24]. The Federal
government manages and maintains thousands of highways, tunnels, and
bridges, as well as hundreds of dams and other critical infrastructure across
the nation. The U.S. government self-insures most of its property against
damage or loss [25,29].

In most Federal agencies, disaster losses related to the agency's prop-
erty, assets, and mission are recorded for internal use. Following a disaster
event, most Federal agencies are required to report on damaged or
destroyed infrastructure, facilities, or equipment owned by the U.S. govern-
ment and injured or ill employees for situational awareness and/or internal
accounting purposes. These data, however, are often not collated or ar-
chived in a manner that could be used for Sendai disaster loss reporting.
For example, the Department of the Interior issues daily email reports on
7

impacts to Department assets following a disaster event. Yet, the data
from these reports are never combined into a central database that could
permit easy collation and analysis. A dedicated staff (see Section 3.1)
might be able to parse these reports into a useable format for Sendai
reporting, but given the small number of Federal employees currently ded-
icated to U.S. disaster loss reporting, such an effort is impractical.

Opportunities for systematically reporting the effects of disasters on
Federal infrastructure and employees may be missed as well. For example,
most Federal agencies collect information on damage to Federal infrastruc-
ture through a digital records system. The specific cause of damage, how-
ever, is often not recorded. Thus, water damage to a structure may be
recorded, but it may be impossible to know whether the water damage
was due to a leaky pipe suffering from regular wear-and-tear (not a report-
able event under the Sendai Framework), or flooding following a hurricane
(a reportable event under Sendai). Performing data forensics to identify and
provide missing information related to Federal agencies' internal disaster
loss data is not feasible at a national scale, especially in the absence of
staff dedicated to this task. As a result, information that could contribute
to U.S. Sendai disaster loss statistics may be missing in the nation's annual
reports.

Opportunity: The creation of a mandatory system of disaster loss
reporting for Federal assets that is standardized across Federal agencies
could greatly assist with the collection of information pertinent to U.S. Sen-
dai reporting. Establishing such a system could demonstrate the U.S.
government's commitment to ongoing collaboration with the global disas-
ter risk reduction community. Through the SDR's efforts and communica-
tion with a variety of agencies across the Federal government, some
agency officials are already considering how to alter their reporting mech-
anisms to collect disaster loss informationmore systematically in the future.

3.4. Challenge: lack of incentives for standardized reporting

As mentioned previously, the Federal government is not directly in-
volved in managing most disasters in the U.S. In practice, this means that
state, local, tribal and territorial (SLTT) governments, the private sector,
or nonprofit organizations have few incentives to report disaster loss data
to the Federal government unless Federal grant dollars are involved.
FEMAHazardMitigation Assistance grants offer incentives for communities
to document historical damage as part of conducting a benefit-cost analysis
for their grant applications [17]. Applying to these grants, however, is vol-
untary and any historical damage data reported is unlikely to be in a format
conducive to consistent reporting under the Sendai Framework. Therefore,
most disaster loss information is provided by SLTT governments to the Fed-
eral government only after a presidential disaster declaration under the
Stafford Act, where FEMA documents disaster-related damage in order to
provide recovery grant funding. Without a presidential disaster declaration
or a Federal mandate for standardized disaster loss reporting at a state-
level, states may see little incentive to report disaster losses to FEMA. Disas-
ter loss data related to smaller-scale storm events collected by NWS are
often based on local news coverage or voluntary, self-initiated reports
[45], not due to any Federal mandate for disaster loss reporting.

Disaster loss data is also collected by insurance companies and private
industry. In some cases, particularly in the private sector, there may be a
disincentive to report detailed proprietary disaster loss data, as theymay re-
veal vulnerabilities, or lead to a loss of reputation among business compet-
itors or clients [30]. Nevertheless, businesses in certain industries are
legally required to report on direct and indirect losses regarding occupa-
tional health and safety and accidental chemical releases [35].

Even when states or other entities do share disaster loss statistics with
the Federal government, these data are sometimes recorded in differing for-
mats or databases thatmake national-level reporting difficult (Pew Charita-
ble [21,48]). State reporting on injuries and illness related to disaster
events provides a good example of the limitations the U.S. faces. States do
collect emergency department visit and hospital discharge data from com-
munity hospitals. These medical data can be used to understand how
many people have been made ill or have been injured by a disaster by
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comparing baseline data for a given geographic area with data collected
during and immediately following a disaster event. Even so, states have
very different formats for medical data, and sharing these data with the
Federal government is not required, but rather at each state government's
discretion. Those who choose to share this information have different
data use agreements, which can make further sharing between or across
Federal agenciesmore difficult. So, while these important data are collected
nationwide, it is very difficult to share, aggregate, and analyze these data on
a national scale. Due to these hurdles, U.S. reporting of disaster-related ill-
ness and injury data to the SendaiMonitor has been incomplete. The above-
described challenges are not unique to disaster morbidity data; other sec-
tors present similar issues, hindering detailed and systematic reporting at
a national level.

Opportunity: It may be possible to insert Sendai principles into how
reporting structures are improved following disasters. For example, the
COVID-19 pandemic has led many hospitals to begin daily reporting on
bed capacity, available staff, and illness burden to the Department of Health
and Human Services. This pivotal moment in public health reporting may
present an opportunity to design and implement a nationwide system of ill-
ness burden reporting that can be shaped by the Sendai Framework and in-
form its implementation in the U.S. Not only would this reporting aid the
U.S. in reporting to the Sendai Monitor annually, it would also help the na-
tion create a clearer picture of the health impacts of disasters in different
parts of the country.

More broadly, guiding states to develop reporting systems that are stan-
dardized across the U.S. may facilitate the seamless roll-up of disaster loss
information to the Federal level. Recognizing that collecting disaster loss in-
formation can improve community resilience, states like Ohio have already
invested in data collection to build out robustmitigation dashboards to help
policymakers identify best practices. This approach, however, has not been
adopted across all states [58].

3.5. Challenge: security concerns

Certain industries and government agencies cannot or will not report on
disaster losses in their sectors because such reporting might lead to security
concerns for the U.S. For example, reporting the impact of disasters on crit-
ical infrastructure such as power grids, ports, and damsmay expose vulner-
abilities that could be exploited by potential adversaries. As a result, U.S.
agencies often do not consistently provide external disaster loss reports in
a variety of sensitive sectors.

Opportunity: The U.S. may be able to use the Sendai reporting process as
a means of learning from other nations as to how they have effectively re-
ported on losses to potentially sensitive sectors. One of the major benefits
of this international effort is that it provides a platform for the exchange
of ideas and experiences across nations.

4. Conclusion

In this paper, we have shown what Sendai Framework indicators the
U.S. government reports on, which metrics are included in that reporting,
and limitations on U.S. reporting capabilities. We have considered gaps,
challenges, and potential opportunities for consistent, comprehensive di-
saster loss reporting in the U.S.

Implementing the Sendai Framework in the U.S. involves improving the
collection of disaster loss information, collaborating across institutional
boundaries, and integrating disaster risk reduction into national and global
efforts. The Sendai Framework encourages systematic data collection and
reporting and provides a nexus for that reporting across different U.S. gov-
ernment agencies. Better collection and synthesis of U.S. disaster data may
lead to important advances in disaster mitigation efforts. Ultimately, the
more comprehensively we are able to synthesize U.S. disaster loss data,
the better we can apply these data to reduce disaster risk and build national
resilience. As U.S. participation in the Sendai Framework endures, opportu-
nitiesmay emerge tomake lasting improvements in both the strength of our
data and our communities.
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