
Tectonics – The View 
Forward



Integrated Physics Based 
Models Coupled to 

Observations
• Hydrologic 
• Geodetic – GPS, GRACE, InSAR, 

absolute gravity
• Geodynamic – mantle convection, 

plate motions, loading response, GIA 
predictions, Sea level change

• Involves multiple spatial and 
temporal scales

• EARTH SYSTEM DYNAMICS
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Is it possible to have physics-based models that build on 3-D 
kinematics, seismology (tomography), history of subduction, 
convection, 3-D stresses, crust and mantle rheology?
Is it possible that models could also incorporate ice loading, 
hydrology, sea-level change?
Fully coupled models must accommodate a variety of temporal and 
spatial scales, will require precise geodetic techniques and accurate 
reference frame determination.



Tectonic Models

• Development of short term solid 
Earth models
– Earthquake cycle
– Rheology of the Earth
– Time dependent deformation
– Loading from sediments/ice (e.g., Sierra 

Nevada, SE USA, Antarctica, Greenland)



Tectonic Models

• Development of long-term dynamic 
models
– Coupled physics of lithosphere/mantle 

interactions
– Constrained by seismic observations, 

history of subduction, mineral physics, 
geologic constraints, plate motions

– Radial and lateral rheology
– Rheology estimates important for relating 

long -term deformation to shorter term 
measurements (GPS)

– Provides an important boundary condition 
for hydrologic models



Geodynamics/Geodesy/Hydrolo
gy/

Cryosphere
• Response to Earthquakes



Mapping the gravity jump :  removing hydrological 
noises
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Coseismic gravity change : Obs. vs. 
Calc.

Heki



GIA and Physics Based 
Models



Xiaoping Wu



Xiaoping Wu



Ivans – combining GPS 
and GRACE + Physics 
based calculations



Wdowinski and 
others

Accelerating 
uplift – fully 
physics- based 
models are 
needed



Regional Scale Models



Mazzotti et al.



Meertens - 



Dong et al.
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Miller



Hammond et al. 



Earthquakes and far-field 
triggering



Roeloffs



Roeloffs



Summary

• Need solid geodetic/hydrologic 
infrastructure of space-based and 
land-based measurement

• Multidisciplinary research (physics-
based) that couples across multiple 
spatial and temporal scales

• Rigorous multidisciplinary 
approaches have implications for 
sustainability, hazards, etc.



Questions posed in Peter 
Clarke’s Presentation

Workshop questions

•How can we bridge the gap in spatial scales 
between regional/global and point/catchment 
measurements?

•How can we isolate long-term hydrological change 
from secular effects due to tectonics, GIA, etc?

•How can we improve measurement accuracy and 
robustness to seasonal and other artefacts?


