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Disaster science examines the causes, behaviors, and consequences of hazardous events, from hurricanes to wildfires,
flooding, and major industrial accidents. Individual disasters are recurring more frequently and with greater
intensity. Recurrent acute disasters (RADs) are sequential disasters that affect a specific locale over time. While
disaster science has matured in recent years, understanding of the distinctive characteristics of RADs varies by
discipline and lacks predictive power. A theoretical framework is presented by borrowing in part from mathematical
topology and disturbance ecology. The recurrent disasters affecting Puerto Rico 2017-2020 are examined as a
case example to test the framework. A key variable is the complex characteristics of legacy conditions created by
one disaster that influence the effects of subsequent disasters. Substantial improvements in disaster response,
recovery, and preparedness can be gained by adopting a RAD-based approach.
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Relevant Increasing Trends
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Recurrent acute disasters (RADs) are individual major
nazard events that occur In a specific locale and create
legacy conditions that impact future disasters in that locale.
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Applied Research Questions

* |s there a distinctive signature to recurring acute disasters and their impacts
upon human ecosystems?

* |f so, what are the key legacy conditions that create these distinctive
signatures, and can a theory be developed that could predict them?

* |f so, what policies, programs, and actions can be undertaken to mitigate the
harmful effects of recurring acute disasters, and support safety, protection of
human life, and community resilience in the face of these recurring events?
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A Case Study:
Puerto Rico 2017-2020

Hurricane Irma, 7 September 2017

Hurricane Maria, 20 September 2017
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Lights out

Puerto Rico, inhabitants with electricity, %
Hurricane Irma passes Puerto Rico

THurricane Maria
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A Decaying legacy B Intensifying legacy
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Fig. 3. A general schema of several categories of legacy conditions. (A to C) D,
to D3 represent RADs.

Machlis et al., Sci. Adv. 8, eabk2458 (2022) 9 March 2022
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Food Nutrition vs Food Safety...
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Inhabitants with Electricity (%) after Hurricanes Irma and Maria
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Briefing Puerto Rico e
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Night-light intensity Puerto Rico
in San Juan

Before Hurricane Maria makes landfall

San Juan, July 20th 2017

Immediate aftermath of Hurricane Maria

San Juan September 30th 2017
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6.4 earthquake off Puerto Rico’s coast, January 7th

Punta Cana San Juan

6.4 Magnitude
14 km from
Guayanilla, Puerto Rico
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— Continuum of overlap H

Union (1) Disunion (0)

RADS

A given locale Parts of a given locale Distant locales
can affect

Type Coterminous C]?t—:-rlapppfﬂg Eridg&d

Example

Fig. 1. A continuum of RAD spatial relationships. D, and D, represent RAD:s.
Note that complete union (perfect spatial overlap of disasters) is improbable and
disunion can vary by the spatial distance between bridged events.

Machlis et al., Sci. Adv. 8, eabk2458 (2022) 9 March 2022




Map of the main island of Puerto Rico showing two bridged RADSs.
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Percent of Occupied Housing Units Damaged CN EO
or Destroyed by Hurricane Maria el
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Source: FEMA Individual Assistance Data for Hurricane Maria; US Census Bureau & CNE Analysis









RAD Policy Implications

* Improved scientific understanding of RADS and their legacy conditions

* Damage and needs assessments, incident response plans, building codes,
public health regulations, iInsurance premiums, emergency communications,
prepositioning of resources, community preparedness training

* Potential to advance disaster science, improve disaster response, build
resilience to future disasters, and save lives
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“Increasing our understanding of Recurrent Acute Disasters (RADs)
has the potential to advance disaster science, Improve disaster
response, build resilience to future disasters, and save lives.”

RAD Project Concept Paper, 2021.p.9



