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Impressions from visiting an AI conference last week 
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“AI is the fourth 
industrial 

revolution”
“ChatGPT was 

AI’s iPhone 
moment”

 hype!
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Short-lived hype or here to stay?
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AI for Science workshop
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Key take-aways from AI for Science workshop

• Big tech companies (Google, NVIDIA, etc.) invest heavily in AI for Science, including:
− AI for medicine/health
− AI for chemistry/material science
− AI for Earth system modeling (climate, weather, etc.)

• The “magic ingredient” is typically the amount and quality of data
− Model choices are already very mature
− Computation not a limitation for such companies
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Focus on data is a great opportunity for geodesy!

• Huge increase in data volume from GNSS stations, InSAR, altimetry, etc. 

• Geodetic data of very high quality (“mm-level”)

• Auxiliary data: weather, climate, environmental models, etc. 
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18’000 GNSS stations
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Geodetic problems to be addressed with machine learning

• Data fusion/assimilation

• Spatio-temporal modeling 

• Time series prediction

• Anomaly detection
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GGOS Focus Area: AI for Geodesy

• Chair: Prof. Dr. Benedikt Soja (ETH Zurich, Switzerland)

• Vice-chair: Dr. Maria Kaselimi (NTUA, Greece)

• Approved in May 2023 by the GGOS CB and EC

• Why a GGOS Focus Area? 

 focus on improving geodetic data and products
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Objectives

1. Develop improved geodetic products based on AI and machine learning
− Identify most suitable geodetic and auxiliary datasets
− Design appropriate machine learning methods

2. Evaluate improved geodetic products based on AI and machine learning
− Perform comparisons between machine learning methods and traditional data analysis approaches
− Focus on error assessment of results produced by machine learning algorithms

• Improved geodetic products
− Higher accuracy through data assimilation
− Higher resolution (spatial/temporal)
− Improved real-time and prediction quality
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Joint Study Groups

• AI for GNSS Remote Sensing

• AI for Gravity Field and Mass Change

• AI for Earth Orientation Parameter Prediction

• AI for Geodetic Deformation Monitoring
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Gravity Field

Geometry

Orientation in Space
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Detailed description of each component
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https://ggos.org/about/org/fa/ai-for-geodesy/
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Members of the Joint Study Groups 

As of today:

• 90+ members 

• 20+ different countries 

• 50+ different institutions
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Selected recent developments

Complete list: Status report of the GGOS organizational components 2024 

14B. Soja: Geodesy Meets AI 10.10.2024



Conference/session organization

• EGU 2024 & 2025

• AGU 2024

• GGOS Topical Meeting on the Atmosphere 2024

• Workshop on GNSS-R 2024

• IAG Scientific Assembly 2025 
− Symposium "Data Science and Machine Learning in Geodesy" 
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Joint initiative: COST Action proposal AI4GEOD

• Objectives closely aligned with GGOS FA AI4G

• Support for meetings, conferences,
workshops, hackathons, research visits, …

• Helpful feedback received in 2023 cycle
− Currently preparing re-submission for 2024

• Very diverse and broad consortium
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Review paper on uncertainties in deep learning

• Uncertainty in deep learning a major objective of AI4G

• ISSI Workshop “Remote Sensing in Climatology – Essential Climate Variables (ECVs) and their 
uncertainties”

• Focus on GRACE/GRACE-FO 

• To be submitted in November 2024
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Earth Orientation Parameters Innovation and Insight

• New webinar series EOP I&I

• Recordings on GGOS YouTube channel
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Selected research highlights
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Forecasting of GRACE data with machine learning

• Forecast the global terrestrial water storage up to 1 year ahead only based on observational data

20

Li et al., GRL, 2024
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Downscaling of GRACE terrestrial water storage anomalies
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• Deep learning to combine GRACE data and highly resolved hydrological models

GRACE Downscaled

Gou & Soja, Nature Water, 2024
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Physics-informed learning to explain polar motion 

• Reconstruct and explain long-term polar motion
− Sea level rise
− Earth crust: isostasy, earthquakes
− Earth interior: mantle convection, core
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Kiani et al., Nature Geoscience, 2024
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Explainable AI for GNSS Reflectometry

• Learn impact of individual pixels in 
Delay-Doppler maps and ancillary parameters 
on ocean surface windspeed retrieval
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Xiao et al., IGARSS, 2024
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Summary

• GGOS Focus Area: AI for Geodesy (AI4G)

• Goal: utilize methods from AI to improve geodetic products 
• Joint Study Groups

− AI for GNSS Remote Sensing
− AI for Gravity Field and Mass Change
− AI for Earth Orientation Parameter Prediction
− AI for Geodetic Deformation Monitoring

• Conferences, sessions, webinars

• Joint initiative: COST Action proposal
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Benedikt Soja
soja@ethz.ch

ETH Zurich
Chair of Space Geodesy
Institute of Geodesy and Photogrammetry
Zurich, Switzerland 
www.space.igp.ethz.ch

Thanks for your attention!
ai4g@ggos.org

mailto:soja@ethz.ch
http://www.space.igp.ethz.ch/
mailto:ai4g@ggos.org


References

• Li, F., Kusche, J., Sneeuw, N., Siebert, S., Gerdener, H., Wang, Z., … Tian, K. (2024). Forecasting next 
year’s global land water storage using GRACE data. Geophysical Research Letters, 51(17). 
doi:10.1029/2024gl109101

• Gou, J., & Soja, B. (2024). Global high-resolution total water storage anomalies from self-supervised 
data assimilation using deep learning algorithms. Nature Water, 2(2), 139–150. doi:10.1038/s44221-
024-00194-w

• Kiani Shahvandi, M., Adhikari, S., Dumberry, M., Modiri, S., Heinkelmann, R., Schuh, H., … Soja, B. 
(2024). Contributions of core, mantle and climatological processes to Earth’s polar motion. Nature 
Geoscience, 17(7), 705–710. doi:10.1038/s41561-024-01478-2

• Xiao, T., Asgarimehr, M., Wickert, J., Zhao, D., Mou, L., & Arnold, C. (2024, July 7). Evaluating feature 
impact on ocean wind speed predictions: An application of explainable AI to GNSS reflectometry data. 
IGARSS 2024 - 2024 IEEE International Geoscience and Remote Sensing Symposium, 1854–1858. 
Presented at the IGARSS 2024 - 2024 IEEE International Geoscience and Remote Sensing 
Symposium, Athens, Greece. doi:10.1109/igarss53475.2024.10642477

2608.10.2024B. Soja: Geodesy Meets AI


	Geodesy Meets AI: Latest Progress in the GGOS Focus Area AI4G
	Slide Number 2
	Impressions from visiting an AI conference last week 
	Short-lived hype or here to stay?
	AI for Science workshop
	Key take-aways from AI for Science workshop
	Focus on data is a great opportunity for geodesy!
	Geodetic problems to be addressed with machine learning
	GGOS Focus Area: AI for Geodesy
	Objectives
	Joint Study Groups
	Detailed description of each component
	Members of the Joint Study Groups 
	Selected recent developments��Complete list: Status report of the GGOS organizational components 2024 �
	Conference/session organization
	Joint initiative: COST Action proposal AI4GEOD
	Review paper on uncertainties in deep learning
	Earth Orientation Parameters Innovation and Insight
	Selected research highlights
	Forecasting of GRACE data with machine learning
	Downscaling of GRACE terrestrial water storage anomalies
	Physics-informed learning to explain polar motion 
	Explainable AI for GNSS Reflectometry
	Summary
	Slide Number 25
	References

