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Figure 1.  The ShakeAlert system components and sequence of 
events for early warning are illustrated: An earthquake occurs 
on a fault known to have caused earthquakes in the past, as a 
result, P-waves (the first felt compressional wave) are generated. 
P-waves travel faster through the Earth than S-waves, which 
are also generated in the earthquake and are more damaging 
because they are shear waves that cause the ground to move up 
and down violently. Faster arrival of P-waves to the regional grid 
of seismometers comprising the earthquake detection system 
allows for the determination of earthquake characteristics, such 
as location, depth, and magnitude. ShakeAlert processing centers 
instantly issue an automated ShakeAlert message to all end users 
and the public that damaging S-waves are coming seconds to a few 
tens of seconds before their arrival, which often allows for adequate 
mitigation measures to be taken. These seconds to tens of seconds 
warnings help minimize the effects of destructive earthquakes.

Every year in the United States, natural hazards threaten 
lives and livelihoods, resulting in thousands of casualties and 
billions of dollars in damage. The U.S. Geological Survey 
(USGS) Natural Hazards Mission Area works with many 
partners to monitor, assess, and research a wide range of natural 
hazards, including earthquakes and volcanic eruptions. These 
efforts aim to enhance community preparedness, response, 
and resilience. The USGS Earthquake Hazards Program 
(EHP) provides earthquake monitoring and notifications, 
assesses seismic hazards, and conducts targeted research to 
reduce the risk of earthquake hazards nationwide. The USGS 
Volcano Hazards Program (VHP) delivers forecasts, warnings, 
and information about volcanic hazards based on proactive 
monitoring of the nation’s active volcanoes and scientific 
understanding of volcanic processes. The VHP also conducts 
targeted research on volcanic processes and creates hazards 
assessments that inform the level of monitoring required at each 
of the nation’s active volcanoes. Earthquake and volcano early 
warning systems are essential to disaster risk reduction: they can 
save lives and reduce property damage by quickly distributing 
messages and warnings to communities in harm’s way.

Earthquake Early Warning Systems
Earthquake early warning (EEW) systems alert users when 

potentially damaging shaking is expected at their location. 
ShakeAlert® (fig. 1) (https:/​/www.shake​alert.org) is the USGS-
managed EEW system for the West Coast of the United States. 
Imminent shaking alerts are automatically delivered through 
emergency communications systems, including push 
notifications to mobile devices. The seconds to tens of seconds 
of warning can allow people and automated systems to take 
actions to protect life and property from destructive shaking. 
These seconds to tens of seconds of warning represent the most 
advanced form of earthquake early warning.

ShakeAlert® Is Not Earthquake Prediction
ShakeAlert® sensors
rapidly detect
an earthquake
in progress.

1 ShakeAlert® processing
centers estimate earthquake
characteristics and issue a
ShakeAlert® Message.

2 Delivery partners pick up the
ShakeAlert® Message and
produce an alert for people
and systems.
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Adapted from Erin Burkett (USGS) and Jeff Goertzen (Orange County Register).
Updated by ShakeAlert® team (2020)

U.S. Geological Survey (USGS) 
geologists measure fault 
displacement along the 
principal rupture in Searles 
Valley, California as part of the 
2019 Ridgecrest earthquake 
sequence. Photograph by 
Ben Brooks, USGS.

https://www.shakealert.org/


National Volcano Early Warning System
The National Volcano Early Warning System (NVEWS) is a 

national-scale plan to ensure that volcanoes are monitored at levels 
equal to their threats. Threat ranking incorporates the hazards 
posed by each volcano and the potential exposure of people, prop-
erty, and infrastructure. The USGS categorizes potentially active 
U.S. volcanoes as Very High, High, Moderate, Low, and Very Low 
threat. Currently, many of the 161 potentially active volcanoes 
in the United States have insufficient monitoring systems, while 
others have obsolete equipment. The goal of NVEWS is to ensure 
that the most hazardous volcanoes are properly monitored with 

a variety of modern instruments (fig. 2) well before the onset of 
activity, making timely and accurate hazard forecasts possible 
minutes, days or even weeks before an eruption.

In addition, NVEWS seeks to advance several capabilities of 
the U.S. volcanology community through:

•	 Added staffing and automation to improve 24/7 monitoring 
of volcanoes and rapid response, and

•	 Integrated computer systems that distribute monitoring 
data and products to scientists, responding agencies, 
research institutions, and the public more efficiently.
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Figure 2.  Map of National Volcano Early Warning System monitoring network on Mount St. Helens in 
Washington. Note the distribution of monitoring stations (numbered in map) around the summit and flanks 
of Mount St. Helens. The wide variety of ground-based sensors, including broadband seismometers, global 
positioning system, webcams, infrasound sensors, multi-gas sensors, and telemetry infrastructure are 
designed to detect all varieties of eruption precursors (ground deformation, increase in small earthquakes, 
changes in gas emission, steam explosions) minutes, days, to months before an eruption. This varied array 
of ground sensors allows for fingerprinting of normal background activity at each active volcano in the 
United States and for detection of departures from normal background activity at the earliest stage possible. 
The data collected from these sensors allows USGS volcano observatories to issue warnings and forecasts 
of eruptions, and for adequate mitigation measures to be taken by land managers, the public, and the 
aviation sectors. USGS capability to deliver forecasts and warnings of hazardous volcanic activity depends 
on adequate instrumentation installed on the volcano and thorough real-time data analysis by observatory 
scientific staff. Abbreviations: AFM, acoustic flow meter; GPS, global positioning system; DOAS, differential 
optical absorption spectrometry.



Similarities and Differences
NVEWS involves increasing the number and types of 

monitoring instruments—including seismometers and global 
positioning system (GPS) receivers like those used for EEW—
for the Nation’s highest threat volcanoes. However, seismometer 
locations and early warning time frames are distinctly different 
for EEW and NVEWS. The two systems have different missions 
and technical requirements and will be operated independently. 
At select EEW sites, broadband seismometers and webcams 
can be added to provide NVEWS function. Volcano monitoring 
networks also include other types of ground-based sensors, 
which typically are not part of regional seismometer networks 
supporting EEW (fig. 2). Table 1 summarizes the many 
differences between EEW and NVEWS.

While the two warning systems address different hazards 
that occur on different time scales, the data from seismic 
instruments in both systems may be similar and will be shared in 
real-time. They will assist the entire nation in addressing natural 
hazards, whether from earthquakes, volcanoes, or secondary 

hazards (for example, tsunamis or ground failure). This is 
especially important in areas of the country, such as California, 
the Pacific Northwest, and Alaska, where large damaging and 
tsunami-generating earthquakes can occur in proximity to active 
volcanic systems.

Seismic instruments deployed independently for NVEWS 
and EEW will help detect both tsunami-generating earthquakes 
and volcanic eruptions; real-time data from these instruments 
will be shared with Hawaii and Alaska's National Oceanic and 
Atmospheric Administration tsunami warning centers. In many 
remote areas, such as the Aleutian Islands, American Samoa, 
and the Commonwealth of the Northern Mariana Islands, the 
first indication of a large tsunamigenic earthquake or volcanic 
eruption may come from Global Seismic Network seismometers 
or those deployed as part of NVEWS on remote islands. Despite 
their distance from population centers and significant infra-
structure, where much of EEW is focused, these seismometers 
are necessary because of potential threats posed by remote 
volcanoes to remote populations, civil and military aviation, and 
maritime vessels.

Table 1.  Summary of differences between Earthquake Early Warning (EEW) and the National Volcano Early Warning System (NVEWS).

[GPS, global positioning system; mi, miles; M, magnitude]

Characteristics EEW NVEWS

Types of ground-based sensors Strong-motion seismometers, 
GPS receivers

Broadband seismometers, GPS receivers, gas sensors, pressure sensors, 
tiltmeters, visible and infrared cameras.

Earth processes detected Moderate to large earthquakes Small to moderate earthquakes, gas release, and ground movement related 
to magma movement beneath volcanoes. 
Explosions and associated phenomena, lava flows, debris flows, lahars, 
and dome collapses.

Timescale of warnings Seconds to tens of seconds Minutes to months
Locations of seismic networks 12–18 mi spacing of stations 

in regional network
Multiple monitoring sites within 12 mi of volcano summit

Earthquake magnitudes of interest Moderate to large earthquakes 
(>M4.0, felt)

Small to moderate earthquakes (<M4.0, rarely felt)

Two portable sensors: a strong motion sensor (to record strong shaking that 
can be felt) and a broadband sensor (to record weak motion for detecting small 
earthquakes) buried into the ground to detect earthquakes. These stations can be 
quickly deployed and send real-time data back to the U.S. Geological Survey via 
cellular telemetry immediately after they are installed.

Scientist measuring variations in the strength of gravity (grey box) and precise 
location (global positioning system on antenna) at the summit of Kılauea. 
Photograph taken on January 7, 2023, by Hawaiian Volcano Observatory 
geophysicist A. Flinders, U.S. Geological Survey.



Opportunities for VHP-EHP 
Collaboration

At each volcano, the VHP already leverages existing seismic 
and geodetic instrumentation maintained by the EHP, universi-
ties, States, and private organizations. During times of unrest, 
especially at under-monitored or low-threat volcanoes, these 
networks will be extremely important for hazard assessment until 
the regional networks are improved by a VHP response.

Volcano monitoring networks with multiple instrument 
types also help the USGS better identify whether earthquake 
swarms are being caused by volcanic activity. Ambiguity in the 
cause of an earthquake swarm can arise when a swarm is near a 
volcano or within a distributed volcanic field. To determine the 
ultimate origin and significance of increased seismicity, VHP and 

EHP scientists and their partners analyze seismic and other types 
of data from ground-based instruments (for example, pressure 
sensors, tiltmeters, GPS, gas emission, and web cameras) and 
data from satellites (such as, radar and gas emission).

In all instances, digital communications networks can be 
leveraged between EHP and VHP, as they already are in the 
Pacific Northwest, California, and Alaska. The two programs 
are in frequent communication, share some staff expertise and 
logistics, and take advantage of joint software and hardware 
development and equipment purchase contracts (for example, 
digital broadband seismometers and batteries bought in large 
orders as a cost-saving measure). Both programs are always 
looking for opportunities to leverage instrumentation and 
communication networks in a cost-effective manner to maximize 
the Nation’s resilience to earthquake and volcano hazards.

By Aleeza Wilkins, Charlie Mandeville, John Power, and 
Doug Given
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Background photograph. Instrumentation for the annual global positioning system 
(GPS) survey of Mauna Loa, completed by geophysicists at the Hawaiian Volcano 
Observatory. Photograph by A. Ellis, U.S. Geological Survey.
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