


Locking, slow slip, and in between



Locking rates 
from Pollitz 
and Evans, 
2017

Locking rates 
from
McCaffrey et 
al., 2013

Locking, slow slip, and in between

Uncertainty greatest 
at trench:

±15-20 mm/yr



Seafloor Geodesy – GPS Acoustic (GPS-A)

Newman (2011)



Wave Glider

Iridium satellites 
provide remote 

command and control 

Solar panels 
provide power

Active rudder 
steers course

Differential vertical 
motion between float 

and sub propels 
forward motion

(~1 knot)



What can we observe?

• The mode you choose will determine what kind of 
transients/precursors (if any) you can observe

• Have to make every observation count
• Let’s try calculating information entropy or differential entropy (Shannon 1948)



• Goal: Find observation locations that minimize entropy

Information entropy

G is model design matrix
Cd is data covariance
Cm is a priori model covariance



• Block model 
• Divide crust into microplates bounded by 

faults (e.g., Meade & Hager, 2005)
• Mesh of triangular dislocations (e.g., 

Meade and Loveless, 2009)
• Constraints

• Currently: 4213 GNSS velocities 
(Kreemer et al., 2014)

• 4000 potential observation locations
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Which potential observation locations minimize 
information entropy?

• Block model 
• Divide crust into microplates bounded by 

faults (e.g., Meade & Hager, 2005)
• Mesh of triangular dislocations (e.g., 

Meade and Loveless, 2009)
• Constraints

• Currently: 4213 GNSS velocities 
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• 4000 potential observation locations
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• Data uncertainties:
• Existing uncertainties as reported 

(Kreemer et al., 2014)
• New offshore: ±3 mm/yr (Chadwell and 

Spiess, 2008)
• New onshore: ±0.85 mm/yr (mean of 

existing uncertainties)
• Model uncertainties 

• Euler pole: ±0.1° Lat, Lon
• Triangular slip distribution: ±20 mm/yr
• Laplacian smoothing

Entropy in a block model



• ΔH = Hnew - H0, relative to current 
onshore network

• First minimum ΔH (most new 
information) on Juan de Fuca plate

• This is for understanding inter-
seismic coupling.  If, e.g., we asked 
what is the total moment deficit, we 
could get a different answer.

• Subsequent stations along trench
• First onshore location after 21 offshore
• Distribution depends on model 

assumptions, previously selected 
locations

onshore 
stations
optimal 
location
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onshore only

1 offshore ≈ 18 onshore1 offshore ≈ 18 onshore

stations added 
onshore
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• What is the entropy reduction per $?
• What is the cost of obtaining a seafloor GPS/A reading vs. traditional 

telemetered onshore GPS stations?
• How often and for how long would we need to visit transponders to be able to 

observe transitory seismic precursors with desired accuracy?

• 27 of first 30 optimal observation locations are offshore
• Single offshore station provides information gain of 18 onshore stations

Considerations

Summary
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