Online Data Supplement

Table S1: Data collected: Technology categories

	Data Type
	Notes
	Format

	Technology category
	Technologies described in the article were grouped into the following technology categories. Categories were generated from the full list of technologies identified in the systematic review.

	Name of technology
	Technology name or acronym
	Free text

	Brief description of technology
	1-2 sentences describing specific details of technologies discussed in article. 
	

	Sensors
	A device that detects or measures physical properties or changes and provides a corresponding output or measurement in response.1
	Y/N

	Communications
	Equipment and software that is used for the transmission or exchange of information.2
	

	Mapping
	A visual representation used to establish the locations, or spatial relations or distribution, of objects, people, or features of a region.3
	

	Robotics
	A machine capable of automatically carrying out a complex series of movements.4
	

	Data analysis
	The process of inspecting, cleaning, transforming and modeling data, especially using a computer, in order discover something, or to help with making decisions.5
	

	Data management
	The practice of collecting, storing, and standardizing data to ensure secure, efficient, and timely access to data for its users.6
	

	Automatic identification
	Technologies that share the common purpose of identifying, tracking, and recording essential data.7
	

	User interface
	A means by which a user interacts with a computer, typically in the form of graphics or text on a screen.8
	


Y/N: yes/no

Table S2: Data collected: Purpose of technology

	Data Type
	Notes
	Format

	Relation to SA
	Role that technology plays in generating or enabling SA.
	Free text

	Data generation/ collection
	Technology creates or gathers data, e.g. sensors, synthetic data, database, information and communications technology.
	Y/N

	Data integration
	Technology merges multiple data streams into a single unified data stream, e.g. data fusion, data synergy, data manipulation/weighting.
	

	Data interpretation
	Technology analyzes data to identify trends, make projections about future states, or make recommendations on course of action, e.g. artificial intelligence, data visualization.
	

	Data aggregation
	Technology enables gathering of various documents on a single shared platform, e.g. SharePoint, WebEOC
	

	Other tech application
	Please describe application.
	Free text


SA: situational awareness

Y/N: yes/no
Table S3: Data collected: Technology maturity level

	Conceptual
	Technology is at theoretical level.
	Y/N

	Pilot/Proof of Concept
	Technology has been tested on a trial basis.
	

	Small Scale Implementation
	Technology has been implemented on a small scale, i.e. city, county, or single state level.
	

	Large Scale Implementation
	Technology has been implemented on a large scale, i.e. multi-state, national, or global level.
	


Y/N: yes/no

Table S4: Data collected: Sector of technology use

	Data Type
	Notes
	Format

	Agency/Company
	Name of organization that developed or used technology discussed in article.
	Free text

	HHS
	Health and Human Services
	Y/N

	DHS
	Department of Homeland Security
	

	DoD
	Department of Defense
	

	Int'l Agency
	International organization
	

	Private
	Private (for-profit) organization
	

	Other use case sector
	Please specify use case sector.
	Free text


Y/N: yes/no

Table S5: Data collected: Technology end user

	End User of Technology
	Role of person who would use technology during disaster response

	First responder
	e.g. Emergency Medical Technician, search and rescue, firefighter, etc.
	Y/N

	EOC staff
	Staff member at Emergency Operations Center (EOC).
	

	Other user
	Please specify other user.
	Free text


Y/N: yes/no

EOC: emergency operations center
Table S6: Data collected: Disaster type

	Data Type
	Notes
	Format

	Natural Disaster
	Includes all of the below disaster types.9
	Y/N

	Geological
	A hazard originating from solid earth. Examples:

· Earthquake

· Mass movement

· Volcanic activity
	

	Hydrological
	A hazard caused by the occurrence, movement, and distribution of surface and subsurface freshwater and saltwater. Examples:

· Flood

· Landslide

· Wave action
	

	Meteorological
	A hazard caused by short-lived, micro- to meso-scale extreme weather and atmospheric conditions that last from minutes to days. Examples:

· Extreme temperature

· Fog

· Storm
	

	Climatological
	A hazard caused by long-lived, meso- to macro-scale atmospheric processes ranging from intra-seasonal to multi-decadal climate variability. Examples:

· Drought

· Glacial lake outburst

· Wildfire
	

	Biological
	A hazard caused by the exposure to living organisms and their toxic substances (e.g. venom, mold) or vector-borne diseases that they may carry. Examples:

· Epidemic

· Insect infestation

· Animal accident
	Y/N

	Extraterrestrial
	A hazard caused by asteroids, meteoroids, and comets as they pass near-earth, enter the Earth’s atmosphere, and/or strike the Earth, and by changes in interplanetary conditions that affect the Earth’s magnetosphere, ionosphere, and thermosphere. Examples:

· Impact

· Space weather
	


(cont’d.)

	Data Type
	Notes
	Format

	Accidental/ Deliberate Disaster
	Includes all of the below disaster types. Adapted from EM-DAT “Technological” disasters category. Environmental pollution and Acts of terror types were added to this category, as the agencies involved and nature of the response to these types of disasters are unique compared to other types of accidental or deliberate disasters. Definitions and examples of disasters are taken from EM-DAT or other sources, as noted.
	Y/N

	Industrial Accident
	Danger originating from dangerous procedures, infrastructure failures or certain human activities.10 Examples:9
· Collapse

· Explosion

· Fire

· Poisoning

· Radiation
	

	Environmental Pollution
	The contamination of the physical and biological components of the earth/atmosphere system to such an extent that normal environmental processes are adversely affected.11 Examples:9
· Chemical spill

· Gas leak

· Oil spill
	

	Transport Accident
	Accident involving mechanized modes of transport.12 Examples:9
· Air transport

· Road transport

· Rail transport

· Water transport
	

	Acts of Terror
	A hazard caused by deliberate use of politically or ideologically motivated violence against civilians.13 Examples:

· Biological warfare

· Chemical warfare

· Radiological warfare

· Cyber attack
	


(cont’d.)

	Data Type
	Notes
	Format

	Real Disaster
	Article discusses a historical disaster that took place
	

	Specific disaster
	Name of the historical disaster that the article discusses
	Free text

	Simulated Disaster
	Article discusses a disaster simulation, e.g. tabletop exercise, multi-agency simulated response exercise, synthetic data, virtual reality, etc.
	Y/N

	Could be adapted to disasters
	Article does not describe a real or simulated disaster, but technology could be adapted to be applied in a disaster.
	


Y/N: yes/no

Table S7: Data collected: Gap categories

	Data Type
	Notes
	Format

	Gap Mapping
	Gaps were grouped into the following gap categories. Categories were generated from the full list of gaps identified in the systematic review.

	Gaps
	Specify the gaps in the field of disaster response identified by author that were not addressed by the technology described in the article.
	Free text

	Communications & Connectivity
	Transmitting information by various means. Ability of computer, program, device, or system to connect with one or more others.14,15
	Y/N

	Health
	The process of providing health care, and responding to epidemics, outbreaks, and other biological disasters.
	

	Analysis & Visualization
	The process of inspecting, cleaning, transforming, and modeling data, especially using a computer, in order to discover something, or to help with making decisions. The representation of information as a chart or other image.5,16
	

	Infrastructure
	The basic physical and organizational structures and facilities (e.g. buildings, roads, power supplies) needed for the operation of a society or enterprise.17
	

	Training
	The activity of learning or teaching the skills and knowledge needed for a particular job or activity.18
	

	Reach-back support
	A process that employs communications to identify and bring to bear resources, information, or knowledge not present at the site to support and advise the responding staff.19
	

	Interoperability
	The ability of two or more systems or components to exchange information and to use the information that has been exchanged. The power or ability of a device to do something, detect or measure a physical property, or record, indicate, or otherwise respond to it.20,21
	

	Data Quality
	Data that is fit for consumption and meets the needs of data users, due to data accuracy, completeness, consistency, integrity, uniqueness/deduplication, and validity.22,23
	

	Architecture
	The design and structure of a computer system or organization, which controls or influences the relationship between its component parts, what software can operate on it, and its processes.24,25
	


Y/N: yes/no

Table S8: Technology sub-categories

	Technology Category
	Technology Sub-Category

	Sensors
	· Imaging: radar (e.g. SAR), infrared (IR) or near infrared (NIR), camera

· Motion

· Acoustic

· Electromagnetic
	· Radioactivity

· Chemical

· Pressure

· Temperature

· Moisture/water level

	Communications
	· Hardware: phone, radio, fax

· Software: alerts, email, text, social media
	· Networks: ethernet, wireless, ad-hoc, Bluetooth

	Mapping
	· Mobile beacon: mapping of locations of people, supplies, etc.

· Mapping softwares, e.g. geographic information systems (GIS)
	· Paper mapping

· Geographic positioning systems (GPS)

· Mapping layers: historical data, facility status/capacity, sensor data

	Robotics
	· Unmanned aerial vehicle (UAV) / Unmanned aerial system (UAS)

· Unmanned underwater vehicle
	· Human controlled vehicles (aerial or ground)

	Data analysis
	· Artificial intelligence (AI), machine learning (ML), neural network (NN)

· Natural language processing (NLP)

· Decision support (filter out noise)

· Computer vision, video prioritization

· Resource management

· Augmented reality (AR), virtual reality (VR), mixed reality
	· Forecasting

· Surveillance

· Modeling and simulation

· Basic data analysis

· Anomaly detection/alerts

· Data visualization

	Data management
	· Sensor coordination/integration

· Middleware
	· System architecture

· Data extraction/standardization

	Automatic identification
	· Radio frequency identification (RFID)
	· Quick Response (QR) codes

	User interface
	· Dashboard: WebEOC, electronic medical record (EMR) (e.g. EPIC)

· Mobile app
	· Database

· Web interface


Table S9: Gap sub-categories

	Gap Category
	Gap Subcategory

	Communications & Connectivity
	Lack of reliable and secure internet connectivity during disaster response (e.g. Wi-Fi or cellular data).

	
	Lack of ability to share information.

	
	Lack of real-time information for EOC (e.g. due to lack of efficient data collection, lack of real time data transmission, or lack of real time data analysis), so SA is already old when EOC receives it.

	
	Lack of real-time monitoring of evolving disaster conditions, alerting of anomalies, and movement/evacuation of people and/or patients (including in hospitals/medical system), and movement of resources.

	Analysis & Visualization
	Lack of user-friendly SA technologies for analyzing and visualizing data (e.g. map of 911 calls instead of list of 911 calls).

	
	Lack of accurate and efficient methods to analyze qualitative information (e.g. paper versus electronic records).

	
	Lack of development in AI/ML systems, which are not fully or accurately trained (including AI/ML for video and radio data).

	
	Lack of development in autonomous systems. Systems currently in use require a high level of human oversight for conflict resolution.

	
	Lack of models developed to allow real-time epidemic projections.

	
	Lack of mapping data and capabilities, baseline data, and active real-time mapping (e.g. map layer doesn’t exist in existing technology, or data doesn’t exist at all).

	Interoperability, Sensor Capabilities
	Lack of sensor capabilities, interoperability, infrastructure, and integration.

	
	Lack of interoperable systems or common platform for different organizations to access during disaster response and share resources, especially between regions and civilian and DoD, or access issues to common platform.

	Health
	Lack of ability to collect data on and treat quarantined patients, especially in low-resource settings.

	
	Other gaps specific to health-related disasters.

	Architecture
	Inadequate framework for efficiently ingesting large volumes of data.

	
	Large time lag between the requesting and providing of resources (human, monetary, supplies, etc.).

	Data quality
	Lack of validated data sources for AI or SA to draw upon (e.g. Twitter misinformation, non-uniqueness of social media data points (e.g. Twitter retweets)).

	
	Missing, inadequate, or inaccurate data points.


(cont’d.)

	Gap Category
	Gap Subcategory

	Training
	Lack of familiarity with National Incident Management System (NIMS) Incident Command System (ICS) protocols, especially amongst staff newly recruited to a disaster response.

	
	Inadequate training to fully exploit functionality of existing SA technologies (e.g. WebEOC).

	Infrastructure
	Lack of durable electric grid during disasters.

	
	Inadequate ability to determine integrity of physical infrastructure after disaster (buildings, hospitals, etc.).

	Reach-back support
	Lack of in the field SA for first responders, compromising their safety (e.g. obscured building markings, inability to select and time the safest evacuation routes).

	
	Lack of technical understanding of data. Response agencies could not understand the SA they were being provided, because data was too technical.


EOC: emergency operations center

SA: situational awareness

AI/ML: artificial intelligence / machine learning

DoD: Department of Defense
Table S10: Definitions of disasters from various organizations and agencies

	Source Type
	Source
	Definition

	Government (Domestic)
	Federal Emergency Management Agency (FEMA)
	An occurrence that has resulted in property damage, deaths, and/or injuries to a community.26

	
	Stafford Act
	“Major disaster” means any natural catastrophe (including any hurricane, tornado, storm, high water, winddriven water, tidal wave, tsunami, earthquake, volcanic eruption, landslide, mudslide, snowstorm, or drought), or, regardless of cause, any fire, flood, or explosion… which in the determination of the President causes damage of sufficient severity and magnitude to warrant major disaster assistance under this chapter to supplement the efforts and available resources of States, local governments, and disaster relief organizations in alleviating the damage, loss, hardship, or suffering caused thereby.27

	
	Centers for Disease Control and Prevention (CDC)
	A disaster is a serious disruption of the functioning of society, causing widespread human, material or environmental losses, that exceeds the local capacity to respond, and calls for external assistance.28

	
	Substance Abuse and Mental Health Services Administration (SAMHSA)
	Natural disasters and large-scale geological or meteorological events that have the potential to cause loss of life or property. Human-caused disasters include industrial accidents, shootings, acts of terrorism, and incidents of mass violence and may also cause loss of life and property.29

	Government (Multinational)
	World Health Organization (WHO)
	A disaster is an occurrence disrupting the normal conditions of existence and causing a level of suffering that exceeds the capacity of adjustment of the affected community.30

	
	United Nations Office for Disaster Risk Reduction (UNDRR)
	A serious disruption of the functioning of a community or society involving widespread human, material, economic or environmental losses and impacts, which exceeds the ability of the affected community or society to cope with using its own resources.31

	Humanitarian Aid Organization
	International Federation of Red Cross and Red Crescent Societies (IFRC)
	A disaster is a sudden, calamitous event that seriously disrupts the functioning of a community or society and causes human, material, and economic or environmental losses that exceed the community’s or society’s ability to cope using its own resources. Though often caused by nature, disasters can have human origins.32

	
	The International Committee of the Red Cross (ICRC)
	A disaster is a calamitous event resulting in loss of life, great human suffering and distress, and large-scale material damage.33


(cont’d.)

	Professional Organization
	American College of Emergency Physicians (ACEP)
	When the destructive effects of natural and man-made forces overwhelm the ability of a given area or community to meet the demand for health care.34

	Academia
	Engineering Project Organizations Conference (EPOS)
	An event in which the physical, built, and social environment undergoes danger and is severely damaged, resulting in property damage, deaths, and/or injuries, and disruption to the social systems and resources in a community.35

	
	Johns Hopkins University Bloomberg School of Public Health (JHU)
	The word disaster implies a sudden overwhelming and unforeseen event.36

	
	Sheehan Hewitt, 1969
	A disaster meets one of the three criteria: 100 human lives lost; 100 humans injured; causes US $1 Million in economic damages.37

	
	Cannon, 1994
	A disaster is… an event associated with the impact of a natural hazard, which leads to increased mortality, illness and/or injury, and destroys or disrupts livelihoods, affecting the people or an area such that they (and/or outsiders) perceive it as being exceptional and requiring external assistance for recovery.38

	
	Pearce, 2000
	A disaster is a non-routine event that exceeds the capacity of the affected area to respond to it in such a way as to save lives; to preserve property; and to maintain the social, economic, and political stability of the affected region.39


Table S11: Comparison of scope of disaster definitions 

	
	On target
	Target Adjacent
	Off target
	
	

	
	Hurricane Maria
	September 11th terrorist attacks
	Deepwater Horizons Oil Spill
	1918 Flu pandemic
	Pulse Nightclub Shooting
	Famine
	2008 financial crisis
	Multiple vehicle car crash
	Unplanned pregnancy
	
	

	JHU
	
	
	
	
	
	
	
	
	
	
	Broad

	FEMA
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	WHO
	
	
	
	
	
	
	
	
	
	
	

	CDC
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	SAMHSA
	
	
	
	
	
	
	
	
	
	
	

	IFRC
	
	
	
	
	
	
	
	
	
	
	

	Stafford Act
	
	
	
	
	
	Dependent on cause
	
	
	
	
	

	Systematic review definition
	
	
	
	
	
	Dependent on cause
	
	
	
	
	

	ACEP
	
	
	
	
	
	
	
	
	
	
	

	Sheehan Hewitt, 1969
	
	
	
	
	
	
	
	Dependent on value of cars involved
	
	
	

	Cannon, 1984
	
	
	
	
	
	
	
	
	
	
	Narrow


Figure S1: Year of publication for journal articles and AARs (n=282 articles, 20 AARs)
Figure S2: Technology use category (n=282 articles, 20 AARs)
Figure S3: Intended technology user (n=282 articles, 20 AARs)
Figure S4: Sector of envisioned technology use case (articles only, n=282 articles)
Figure S5: Technology maturity level (articles only, n=282 articles)
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