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Impressions from visiting an Al conference last week
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“Al is the fourth
industrial
revolution” 9 hype'
“ChatGPT was
Al’'s iPhone

moment”
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Short-lived hype or here to stay?

Private investment in generative Al

Total investment dips, but GenAl investment sees surge

Source: Quid 2023 | Chart: 2024 Al Index report
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Al for Science workshop

Fri, 04 Oct | Track Room 1

Al for Science

This workshop explores Al's impact on science, featuring
presentations on cardiovascular data, physics simulations,
weather prediction, and vehicle optimization. A panel will discuss
Al's capabilities and challenges, ending with insights on using Al
to reduce engineering costs.
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Key take-aways from Al for Science workshop

» Big tech companies (Google, NVIDIA, etc.) invest heavily in Al for Science, including:
— Al for medicine/health
— Al for chemistry/material science
— Al for Earth system modeling (climate, weather, etc.)
Alphakold'3

« The "magic ingredient” is typically the amount and quality of data
— Model choices are already very mature
— Computation not a limitation for such companies

GraphCast
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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.

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: Al 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

GGOS Governing Board
(Decision-Making Body)

Science Panel ‘l" —

GGOS Executive Committee ‘@- 8
GGOS Affiliates @ == (Management Board) - " e
Why a GGOS Focus Area? A v

GGOS Coordinating Office

e

Bureau of Networks & Observations Bureau of Products & Standards
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==+ External Stakeholders

- focus on improving geodetic data and products
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Obijectives

1. Develop improved geodetic products based on Al and machine learning
— ldentify most suitable geodetic and auxiliary datasets
— Design appropriate machine learning methods

2. Evaluate improved geodetic products based on Al 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

Geometry

Al for GNSS Remote Sensing : |

Al for Gravity Field and Mass Change

Al for Earth Orientation Parameter Prediction

Al for Geodetic Deformation Monitoring

4,
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Detailed description of each component

GGOS Focus Area

On May 12, 2023, the GGOS Goordinating Board accepted the proposal to establish a new GGOS
Focus Area on Artificial Intelligence for Geodesy (Al4G). In general, it will utilize methods from the
field of Artificial Intelligence (Al). including machine learning techniques, to improve geodetic
observatiens and products. This new GGOS Focus Area is chaired by Benedikt Soja (Switzerland)
together with his vice-chair Maria Kaselimi (Greece). If you are interested to contribute to this new

Focus Area, please contact Benedikt Soja.
Chair: Benedikt Soja (Contact: soja@ethz.ch)
Vice-Chair: Maria Kaselimi

General Contact: aidg@ggos.org

Introduction to Al4G

The field of artificial intelligence has seen rapid progress in
recent years, with breakthroughs in areas such as natural
language processing, computer vision, and deep learning. This
progress has led to the development of new Al applications and
technologies and has the potential to transform a wide range
of industries and fields. Al has become increasingly important
in science, with applications in fields such as physics, biology,
chemistry, and astronomy. It has become well-established in
the neighboring disciplines of geodesy. including climate and
weather prediction, space sciences, and remote sensing
helping to improve our understanding and prediction of
complex natural phenomena.

Artificial Intelligence for Geodesy - Al4G

Benedikt Soja

Chair of GGOS Focus Area

Contact: soja@ethz.ch

https://ggos.org/about/org/fa/ai-for-geodesy/

Al for GNSS Remote Sensing

Joint Study Group 1
Joint with IAG Sub-Commission 4.3, GGOS FA GSWR, and 1CCC

Chair: Milad Asgari
Vice-Chair: Lei Liu

General Contact: ai

Terms of Refe

GNSS remote sens
satellites at any p
sensing technigue:
require only a recq
sensing purposes

These receivers gg
models.

Al for Gravity Field and Mass Change

Joint Study Group 2
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Chair: Dr. Alexandg
Contact: alex.sun(A|
Vice-chair: Dr. Sanif
Contact: sbehzadp(

General Contact: aij

Terms of Ref

Gravity field data

storage to underst:
geophysics, and cli
terms of data procq

Al for Earth Orientation Parameter Prediction

Joint Study Group 3

Chair: Dr. Sadeg
Vice-chair: Dr. J4
Vice-chair: Dr. 54

General Contact]

Abstract

The third study
Second Earth O
Systems Servicg
effective angula

Description]

The Artificial Int
orientation para|

Al for Geodetic Deformation Monitoring

Joint Study Group 4
Joint with IAG Commission 3

Chair: Mohammad Ali Sharifi (Iran), sharifi@ut.ac.ir
Vice-Chair: Mohammad Omidalizarandi (Germany), zarandi@gih.uni-hannover.de

General Contact: ai4deformation (at) ggos.org

Terms of Reference (ToR) / Description:

Monitoring the system Earth and man-made structures, and their deformation induced by natural
or anthropogenic forces is recognized as a key role of modern geodesy. Different space and
terrestrial geodetic technologies have been employed for precise measurement and identification
of spatio-temporal deformation of the earth surface. The geodetic measurement techniques are
getting even more precise with unprecedented temporal and spatial resolutions. For example,
Dense GNSS Continuously Operating Reference Stations (CORS) and the Interferometric Synthetic
Aperture Radar (InSAR) with complementary abilities successfully monitor the earth system
dynamics. Nonlinearity and complexity of deformation patterns on the one hand and the need for
knowledge mining in the steadily growing big geodetic data on the other hand make use of

Joinus

Are you interested in
participating in this Joint
Study Group? Please simply
fill out this form:

Name *

Eg. John Doe

Email Address *

Eg john@doe.com

Affiliation *

E.g. University of ..

10.10.2024
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https://ggos.org/about/org/fa/ai-for-geodesy/

Members of the Joint Study Groups

As of today:
90+ members
o 20+ different countries

« 50+ different institutions
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Selected recent developments

Complete list: Status report of the GGOS organizational components 2024
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Conference/session organization

« EGU 2024 & 2025

« AGU 2024

* GGOS Topical Meeting on the Atmosphere 2024
* Workshop on GNSS-R 2024

* |AG Scientific Assembly 2025
— Symposium "Data Science and Machine Learning in Geodesy"

o 3) space
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G1.3 :
Data science and .
machine learning
in geodesy

G004 - Applications of
Al/ML in Geodesy
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Joint initiative: COST Action proposal AI4GEOD

» Objectives closely aligned with GGOS FAAI4G /\ t
OoCcos

« Support for meetings, conferences,. | EUROPEAN COOPERATION
workshops, hackathons, research visits, ... IN SCIENCE & TECHNOLOGY

» Helpful feedback received in 2023 cycle
— Currently preparing re-submission for 2024

Open Call Collection OC-2023-1

» Very diverse and broad consortium

COST Indlusiveness Target Countries Proposal Reference 0C-2023-1-26973

Number of Proposers
27 Title: Artificial Intelligence for Geodesy

Gender Distribution of Proposers
44.4% Males

55.6% Females Acronym: Al4GEOD

Number of Young Researchers and Innovators
20

PEON

ETHziirich &

SPACE
GEODESY B. Soja: Geodesy Meets Al 10.10.2024 16



Review paper on uncertainties in deep learning

« Uncertainty in deep learning a major objective of Al4G

« |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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Uncertainties of Satellite-based Essential Climate
Variables from Deep Learning

Junyang Gou®", Arnt-Bgrre Salberg?, Mostafa Kiani Shahvandi',
Ulrich Meyer®, Eva Boergens?, Alba Ordofez?,
Anders U. Waldeland?, Adrian Jaggi®, Konrad Schindler?,

Mohammad J. Tourian®, Benedikt Soja!

10.10.2024
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Earth Orientation Parameters Innovation and Insight

« New webin

ar series EOP &l

» Recordings on GGOS YouTube channel

ETHziirich & ¢

(Earth Orientation Parameters Innovation and Insight) (Earth Orientation Parameters Innovation and Insight)

" EOP I&l SCIENTIFIC " EOP I&l SCIENTIFIC

MEETING

LIVE WEBINAR

Recurrent neural
networks and their
applications for EOP
prediction

JUNYANG GOU

Institute of Geodesy and Photogrammetry,
ETH Zurich, Switzerland

E| 0]
AT 15:00 CET --“eb,,;

WEBEX s }9‘?

ORGANIZERS:
Al4EOP AT GGOS

THURSDAY
06 JUNE 2024

A

Universiat dAicart
usiersigad de Avicanel

@ o s
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MEETING

LIVE WEBINAR

Explaining the causes of
polar motion by physics-
W informed neural
| networks

N -

MOSTAFA KIANI SHAHVANDI
M Institute of Geodesy and Photogrammetry,
ETH Zurich, Switzerland

WEDNESDAY AT 15:00 CET ‘ a3 | ORGANIZERS:
07 AUGUST 2024 WEBEX E Al4EOP AT GGOS
@ o s -~
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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

a Nonseasonal TWSC forecasting (Jan 2021-Dec 2021)

Training period Forecasting period
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Li et al., GRL, 2024
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Downscaling of GRACE terrestrial water storage anomalies

» 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

Kiani et al., Nature Geoscience, 2024
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Polar motion (mas)

Polar motion (mas)
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Explainable Al for GNSS Reflectometry

» Learn impact of individual pixels in

Delay-Doppler maps and ancillary parameters brcs eff_scatter power_analograw_counts
on ocean surface windspeed retrieval n n n n
I
B
r
— | : | | I—
-0.3 -02 -0.1 00 01 02 03
SHAP value

Xiao et al., IGARSS, 2024
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Summary

 GGOS Focus Area: Al for Geodesy (Al4G)
» Goal: utilize methods from Al to improve geodetic products

» Joint Study Groups
— Al for GNSS Remote Sensing
— Al for Gravity Field and Mass Change
— Al for Earth Orientation Parameter Prediction
— Al for Geodetic Deformation Monitoring

 Conferences, sessions, webinars

« Joint initiative: COST Action proposal

PR
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Benedikt Soja
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Ngin Thanks for your attention!

ETH Zurich a14g@ggos.org

Chair of Space Geodesy

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



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