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Project goals

•Develop a workflow involving data curation, processing, and analysis to create an
operational (sandbox) kinematic reference frame.
•We call this workflow the Geometric Geodesy Processing Line (GGPL)
•Features of the GGPL include:

• A relational database (PostgreSQL) to store all the data and products, including
the frame itself

• Integration between GNSS solutions, station trajectory models, and other
observations such as InSAR

• Artificial intelligence techniques to improve trajectory models and model
deformation constraints using InSAR observations

• A software package that streamlines creation of models and frame access
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Select project goals

•Development of the operational (sandbox) kinematic reference frame (KRF).
Will require automation processes to detect and model deformation from, for
example, earthquakes, GIA, and other crustal motions

•Parallelization wrapper for M-PAGES (adapted from our existing Parallel.GAMIT)
Process all existing data in the US and Canada

•Intraframe deformation (i.e. trajectory prediction models) using GNSS and InSAR aided
by AI to access the conventional epoch of the frame.

Include as many observations as possible and also provide the users with a maps of
“stable areas” to facilitate access to the frame using differential processing



5

National-level kinematic reference frames (KFR)

•Definition: the coordinates and model parameters defining the reference frame
are time-dependent
•Single or multiple conventional epochs, accessible to all users anytime and
anywhere to guarantee topologic homogeneity.
•Models to access the conventional epoch are mandatory, even after an
earthquake
•Kinematic implies constant update of the reference frame parameters to
“honor” the frame’s internal geometry.
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Steps for the realization of a kinematic RF

Daily GNSS Polyhedrons

Stacking → Network trajectories
Metadata 
(receiver/antenna 
changes)

Earthquakes Parameter inheritance 
(IGS / ITRF)

GNSS trajectories

Secular model Coseismic models Postseismic, GIA, other 
loading models

Automation required to include all possible geophysical effects

Assembling the KRF puzzle
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Processing GNSS observations (underway)

U.S. CORS Network
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Earthquake detection  →  significant improvement over current methods  →  better time series

Automation within the GGPL
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Motivation
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Examples within the U.S.
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Visual interactive GGPL 
interface
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Visual interactive GGPL 
interface
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Visual interactive GGPL 
interface
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Visual interactive GGPL 
interface
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Visual interactive GGPL 
interface
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Intraframe Deformation

?
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Trajectory Prediction Models

• A TPM, continuous in 
space and time, that allows 
us to predict the behavior of 
passive benchmarks.

• This model ensures the 
access to a geodetic 
reference frame after big 
earthquakes utilizing 
postseismic coordinates.

Interseismic 
deformation

Coseismic 
deformation

Postseismic 
deformation
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Coseismic Component

▪ When the observing GNSS network is sparse, the coseismic effect 
cannot be interpolated due to the roughness of the deformation field

▪ We use a geophysical model in a hybrid (dynamic-kinematic) mode: we 
use elastic deformation of a spherical earth to constrain the overall 
coseismic displacement field without imposing the usual geodynamic 
constraints on a fault slip distribution.
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Coseismic Component

Slip distribution and coseismic deformation grid - MAULE
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Coseismic Component

Slip distribution and coseismic deformation grid - ILLAPEL
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Implementation of TPMs
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Use of TPMs
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Team members

Mara Figueroa Franco Sobrero Bennett Kellmayer 
(starting in Fall 2024)

Kevin Wang

Demián Gómez Michael Bevis Joachim Moortgat

Pr
in

ci
pa

l-
an

d 
co

-
in

ve
st

ig
at

or
s

G
ra

du
at

e 
St

ud
en

ts

R
es

ea
rc

h 
Sc

ie
nt

is
tsEric Kendrick



gomez.124@osu.edu
Questions?

¿Preguntas?
Thank you for your attention!

¡Muchas gracias por la atención!
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