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Safe Ocean Laboratory Satellite Activity
Further Challenges for Warning of Tsunamis

What do we know and need to know to warn for tsunamis generated by non-seismic and complex sources?



Quest ion:  What  do  at - r isk  populat ions  need out  of  
t s unami  a ler ts?  

■ Timely: Alerts are issued in sufficient time for Emergency 
Managers and the public to take appropriate actions to 
preserve life and property. 

■ Relevant: The alerts and the associated actions must 
correspond to the actual threat. 

■ Accurate: Overestimating the threat can strain the usually 
limited emergency management resources available at short 
notice and cause ancillary safety concerns. Underestimating 
the threat—or worse, not anticipating any threat at all—can 
have obvious catastrophic consequences. 

2

Consistently delivering alerts with these attributes is a significant challenge for the Global 
Tsunami Warning System, given reliance on high-uncertainty proxy relationships. 



H ow d o  G loba l  Ts unami  War n ing  Systems Wor k  ?
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Tsunami Travel / Response 
Times

Dec 26, 2004 Indian Ocean, EQ M 9.1
15 min to Indonesia with wave heights of 
more than 30 m
11 hours to cover whole Indian Ocean

IOC Tsunami Warning and 
Mitigation Systems



This  cha l lenge  i s  great ly  ampl i f ied when cons ider ing  
t s unamis  generated wi t hout  s e i smic  cues

■ First indicators often come too late to take evasive action

■ Observing systems not tuned to support forecasts for non-
seismic sources—even when early detections are made

■ Warning Centers not all conditioned to anticipating or 
responding to non-seismic source tsunamis
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This requires a fundamentally different approach to solving the problem

Generation Mechanism



Opportuni ty:  By  s h i f t ing focus  toward d i rect  t su nami  d etect ion 
an d  mea surement we wi l l  improve  T i mel iness ,  Re l evance  and  

Accuracy of  *a l l*  Ts unamis

■ Tsunamigenic processes—even those associated with 
earthquakes—are complex and difficult  to accurately 
simulate in real-time. 

■ In contrast the tsunami wavefield is detectable and 
measureable—with the right instruments and techniques—
and propagates deterministically in open water. 

■ Focusing effort on improving direct tsunami detection and 
measurement will allow that Global Tsunami Warning 
System to address all tsunamis independent of source.

■ RESULT: EM Decisions informed by accuracy and precision, 
rather than broad uncertainties.

5



Rethinking Ocean Observations:
Reducing Uncertainty in Global Tsunami Forecasts

Source: National Oceanic and Atmospheric Administration



NEW POTENTIAL  SOURCES OF  OB SERVATIONS FOR TSUNAMI 
WARNING SYSTEMS

Angove, M . et. al, 2019 Pacific Northwest Geodetic Array/Central 
Washington University

The location of 2,260 real-time GNSS stations from public 
networks around the world

Locations and magnitudes of historical seismic events (red), 
DART tsunami buoys (yellow triangles) and current (green) 

and planned (white)  submarine cables,. 
SMART repeaters shown every 300 km
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Ts unami  D ecade Program 
Object ive:  Accurate  forecasts  

wi t h in  10  Mi nutes!
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Data Availability
2004—2030

Angove et. all, 2019 
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Summar y: Ts unamis  can  b e  caused by  many s ources:
• U n d e r s e a  E a r t h q u a k e s
• L a n d s l i d e s
• Vo l c a n i c  E r u p t i o n
• We a t h e r  d i s t u r b a n c e s
• I m p a c t
• e t c

But…they all have one thing in common: a propagating wave field that can be 
detected, measured and forecast given the right observing strategy and 

techniques. The UN Tsunami Decade Program will endeavor to advance these 
technologies and techniques in support of the Safe Ocean Pillar of the UN 

Decade of Ocean Science
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