




Monitoring Nuclear Explosions .  Seismology plays a key role in detecting and characteriz-
ing nuclear explosions and discriminating explosions from earthquakes and other seismic-wave-generating 
phenomena such as underground collapses. Operational and basic research in support of nuclear monitoring 
is carried out by a worldwide contingent of seismologists in universities, national laboratories, government 
agencies, and private companies. (sidebar 7, page 20)

Contributing to National Security

Predicting Ground Motions .  Physics-based strong ground motion simulations are needed 
because there are very few on-scale recordings near large earthquakes, where the hazard is highest. Such 
simulations must properly account for stress and slip evolution at spatial scales spanning many orders of 
magnitude and accurately reflect nonlinear Earth behaviors. They require the use of today’s most powerful 
supercomputers. (sidebar 6, page 18)

Earthquake Rapid Warning.  With sufficient investments to link seismic networks with civil 
decision-making systems, a warning can be provided that comes before strong shaking starts at a location. 
Before a future earthquake, a person might get enough warning to dive under a table, trains could slow or 
stop, nuclear power plants could lower their control rods, and refineries could isolate tanks and vulnerable 
pipelines. (sidebar 2, page 13)

Motivating Advances in Computers , 
Networking,  and Communications

Workforce Issues .  The US Department of Labor and others have documented the national need for 
well-trained geoscientists, but too few students are being trained to fill the vacancies left by our aging work-
force. By 2020, the petroleum industry alone expects to fall short by 20,000 geoscientists. The need for energy, 
environmental protection, and responsible land and water management is expected to further spur employment 
demand. Undertakings in seismology require talented people with solid quantitative skills who have under-
graduate and graduate training in fundamentals and applications of scientific theory. (sidebar 14, page 34)

Building a Scientifically and 
Technologically Proficient Workforce

Requirements to Make Progress

•	Develop university-industry partnerships to publicize seismological career options and draw students to the field.
•	Develop and disseminate improved numerical methods to simulate wave propagation; broaden access to supercomputers.
•	Provide further resources and development for real-time analysis of earthquake sources.
•	Increase and stabilize funding for explosion monitoring research to sustain national capabilities.



Deep Earthquakes .  Sliding along a dry fault should be prohibited by the tremendous pressures at 
depths greater than 50 km, which would cause the frictional resistance to sliding to exceed the strength of 
rock. Yet, earthquakes are observed down to depths of 700 km. Different hypotheses make predictions that 
can be seismologically tested but specially designed deployments are necessary. (sidebar 19, page 49)

The Mysterious Inner Core.  Recent seismic analyses have revealed three-dimensional structure 
within the inner core at multiple spatial scales, with variations over several decades. Multidisciplinary studies 
can build on these discoveries to shed light on the mechanism of inner core growth by progressive freezing, 
which generates energy to maintain Earth’s magnetic field and is critical to the thermal evolution of the core 
and the cooling history of the planet. (sidebar 20, page 52)

Planetary Seismology.  Seismic data from the Apollo program revealed unique and fundamental 
information about the Moon’s internal structure. Return of lunar seismometers would provide opportunities 
to explore outstanding basic questions, such as, was the Moon formed from ejecta of a large impact on Earth? 
Deployments of seismometers on other planetary bodies might address many significant questions, including 
the extent of water within the crust of Mars. (sidebar 21, page 54)

Core-Mantle Boundary Heat Flow.  About 25 years ago, seismologists discovered a jump in seis-
mic velocity several hundred kilometers above the core-mantle boundary. This jump remained enigmatic until 
2004, when mineral physicists discovered that the dominant lower mantle mineral transforms to a new phase 
at corresponding pressures and temperatures. Details within the formerly enigmatic layer have broad impli-
cations for mantle convection, core cooling, and inner core growth. (sidebar 22, page 58)

PLATE BOUNDARY FIELD LABORATORIES .  Dense geodetic instrumentation, high-resolution 3D 
imaging, and deep drilling into active fault zones are essential approaches to understanding complex plate 
boundary systems. Structure and deformation models from seismic and geodetic data, rock samples and in-
situ rock properties from drill holes, and signals from small earthquakes reveal fault properties that control 
the transition between smooth sliding and slip primarily in earthquakes. (sidebar 18, page 48)

Aspiring to a Deeper 
Understanding of Our World
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Requirements to Make Progress

•	Deploy long-term integrated geophysical observatories in multiple plate boundary environments.
•	Expand global coverage with state-of-the-art seismic stations, including the ocean basins.
•	Deploy large portable arrays to resolve anisotropy and fine-scale heterogeneity deep in the Earth.
•	Include seismic data acquisition in planetary exploration efforts.


