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Geodesy

Geodesy is the study of the size, shape and gravity field of the Earth
and Earth’s orientation in space.
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Some (modern) techniques

• Global Navigation Satellite System (GNSS, includes GPS)
• Interferometric Synthetic Aperture Radar Analysis (space-based,

ground-based)
• Electronic Tiltmeters
• Gravity Measurements (space, ground)
• Electronic Distance Measurement (EDM)
• Laser Scanning (LiDAR; terrestrial, aerial)
• Structure from Motion (SfM)
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GNSS - Continuous Installations 1/3

short-term continuous:
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GNSS - Continuous Installations 2/3

very stable:
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GNSS - Continuous Installations 3/3
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GNSS - Campaign / Episodic Installations 1/5

Benchmark:

images: R. Grapenthin
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GNSS - Campaign / Episodic Installations 2/5

Benchmark:
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GNSS - Campaign / Episodic Installations 3/5

Setup (spike mount):
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GNSS - Campaign / Episodic Installations 4/5

Setup (tripod):

images: R. Grapenthin
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GNSS - Campaign / Episodic Installations 5/5

11 / 40



GNSS - Campaign Oops

Setup (tripod):

images: R. Grapenthin
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GNSS - Products: time series

UNAVCO 13 / 40



GNSS - Products: Displacement Maps
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Grapenthin et al., 2013

14 / 40



GNSS - Products: velocity fields
Herring et al., 2018
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InSAR - space-based

source: Geoscience Australia, http://www.ga.gov.au/scientific-topics/positioning-navigation/geodesy/geodetic-
techniques/interferometric-synthetic-aperture-radar16 / 40



InSAR - Products: Interferograms

Simons and Rosen, 2007
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InSAR - Products: Time Series

Alcedo Volcano (Galapagos) source:Galetto et al., 2019, JGR
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Ground-based SAR 1/2

source: Pieraccini and Miccinesi, 2019, Remote Sensing
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Ground-based SAR 2/2

source: Pieraccini and Miccinesi, 2019, Remote Sensing
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Tiltmeters: Florida Installation - Borehole

R. Grapenthin 21 / 40



Tiltmeters: Florida Installation - Borehole
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Tiltmeters: Florida Installation - Borehole
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Tiltmeters: Florida Installation - Borehole
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Tiltmeters: Florida Installation - Platform

R. Grapenthin
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Tiltmeters: Florida Installation - Platform
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Tiltmeters: Florida Installation - Platform
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Tiltmeters: Florida Installation - Platform
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Tiltmeters: Florida Installation - Platform

R. Grapenthin
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Tiltmeters

Mount St. Helens Science & Learning Center; Iris
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Tiltmeters: Products - time series

Battaglia et al., 2019
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Gravity - space based

courtesy: Geoscience Australia, http://www.ga.gov.au/scientific-topics/positioning-navigation/geodesy/geodetic-
techniques/interferometric-synthetic-aperture-radar
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Gravity - space based: product

courtesy: NASA-JPL
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Gravity - ground-based

Battaglia et al., 2019
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Gravity - ground-based: product

Poland and Carbone, 2016
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Electronic Distance Measurement (EDM) 1/4

http://volcano.si.edu/Photos/full/035031.jpg29 / 40



Electronic Distance Measurement (EDM) 2/4

Battaglia et al., 2019
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Electronic Distance Measurement (EDM) 3/4

Battaglia et al., 2019
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Electronic Distance Measurement (EDM) 4/4

Battaglia et al., 2019
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Laser Scanning

UNAVCO33 / 40



Laser Scanning

UNAVCO
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Laser Scanning: Product - point cloud

Jones et al., 2015
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Laser Scanning: Product - time series

Jones et al., 2015
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Structure from Motion

source: Theia.sfm.org 2016
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Structure from Motion

source: Micheletti et al., 2015,Geomorphological Techniques, Chap. 2, Sec. 2.2
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Structure from Motion
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Structure from Motion: Eelriver

source: http://gsp.humboldt.edu/OLM/Courses/GSP_216_Online/lesson8-2/SfM.html
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