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GEODESY

navigation systems

People use geodesy
every day ...

(GNSS] digita] Mapg
) ©rdinate systems

.. without even &§

satellite orbit
How do we explain
this to people outside
our community?
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gravity field

garth rotation
timing

Corrections
Athompshere, tides, .
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Scientific Storytelling e

Stories ...
* Simplifies complexity
* Capture attention

* Makes information more memorable

ideal for communicating complex science




Scientific Storytelling
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Geodesy Cartoons

* New media for scientific storytelling
* Simplify complex geodetic topics
 Make Sciences Funny

e Reach wider audience
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cartoon create by Riccardo Barzaghi



The new Height of Qomolangma (Mt. Everest)

Geodesy Cartoons

 |dea and first cartoons in 2024

* First Concept: by Martin Sehnal,
Laura Sanchez, Detlef Angermann

e Jllustrated b Riccardo
Y Barzaghi g’i\

cartoonist
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GEODESY CARTOON

COMPETITION & _—_—

Goal:

e G
et cartoons for promoting geodesy
* Free Use (CC BY)

* Encoura
ge geodesy community (creative minds)

Geodesy Records & Changing Ocean

oastal observations, geodesy

by o

@“".j F@ By combining satellite altimetry and ¢

A " measures global sea-level vise and its regional impacts. Even as

Ry ? ‘f iclands face evosion o inundation, their changing elevations an

l.."ll;'l:.‘"" ..; chorelines are ccientifically monitored and preserved in data.

L

@J.-. [\ mm‘ﬁp&ec? Sﬁeﬂm CARTOON BY
K{dl alle 1
/cartoon cartoovx(s'; Sﬁh\.onan

= Federal Office

of Metrology and
Surveying

. !'f) gv
desting Hom en

Patyye
C'roc;:eg
cartoonsy a%

these ca
rtoons
shown here are competition submissi
ions




GEODESY CARTOON

COMPETITION @

funded by IAG)

precision from SPace
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3 Categories: General, Observations, Products

Several Prizes: 1800 € (in total for all categories,
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these cartoons shown here are competition submissions
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Pinpointing Earth's Rotation

Timeline:

e Call Periode: Sept. 2025 - March 2026
e Voting: April 2026

*  Winner Announcement: May 2026
(EGU26 — Geodesy Reception)
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GEODESY CARTOON |
COMPETITION <

Results:

1@@ = Federal Office
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Submitted Cartoons: 274

[ ] °
Cartoonists: 119 (35 of it by ECS)
e Countries: 46
5. .mé ' 2
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\1 ; v . Before structures connect, geodesy ensures the
| e | O b Rad Bate T align. It is providing the precise measurements that
(OLsh4 il =5 2 g make bridges meet perfectly. Just make sure both
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GEODESY CARTOON

COMPETITION 8 —— .\ oo

Where Is the Seq?

e o ' rth's
Geodesists stitch together oclfsfbté?rt;;ob\fngi sE?o S or
[ tion, an ;
surface, gravity, ",g:amo Aol of our dynamic P‘aMt*\
Eda

auges ke ! '
gaug €p measuring. Their long-term records help scientists

understand sea level ch
change and the ;
g dHV\aW\lCS of the oceans. Uzunoglu |1~

cartoonist T o

Q)

Eda "\
Uzunoglu |

cartoonist T,

these cartoons shown here are competition submissions




Short Films
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Explaining what cannot
be shown in one image
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GGOS

Global Geodetic
Observing System

= Federal Office

Ge0desy Short Films of Metrology and

Surveying

2022 Film 1: Discover GGOS & Geodesy
* 14 language versions + subtitles
e 29.000 views

Discover GgG_O\S' and
GEODESY

2023/24 Film 2: Terrestrial Reference Frames  § B N = O\si.
* 12 language versions + subtitles 21300 ¢ u
* >74.000 views

youtube.com/@iag-ggos
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NEW GGOS fllm. Gravity Surveying
The Invisible Force Shaping Our Earth

8 minutes DURATION

Contributors: 11 1anguages

Markku Poutanen

" Gernot Frischenschlager Detlef Angermanﬁ
4 e : | : NARRATION
Alena Yelisseyeva o Riccardo Barzaghi Giulia Casini I O hehe k'
Ove Christian Dahl Omang Tamara de Francesco ~ o o 1 ePKOV (EN, ZH, ES, FR, AR, PT, DE;

JP, FA, TR, IT)

. °
Ezequiel Antokoletz . M t S e h I Arnab Laha
. 3 Claudia Tocho a r I n na Lennard Huisman
Jianghui Geng Shoganbekova Daniya

waiecne ™ LUCAS Triebenbacher o

Lyubka Pashova

Mohammed Dhaidan AlArjani _ J KI i i
Osama Zeid AlGouhiez e ns a’won n Masafumi Ishigaki Ridiger Haas
Saad AlQahtani Takuma Koyanagi
aaOthm:n AaI:ubaia La u ra Sa nChez Yoshifumi Hiraoka
Eslam Abdulsami Basara Miyahara
Ssir::an A|L;;:::—I:ni : De re k Va n weStr u m g Yusuke Yokota

Shun-ichi Watanabe

9 languages

+ SUBTITLES
Luiz Paulo Souto Fortes George Vergos S Otsgbo plaVIiSt?IiSt=PLL5WTSCIbRLM (RU, Hl, EL, NL, KK, BG, SV, FI, NO)

https://www.youtube.com/

Yu Hirota
Parastoo Alimohammadi
_ Ismael Foroughi
V E. Sinem Ince Metehan Zu

Mehdi Goli Sevda Olgun


https://www.youtube.com/playlist?list=PLL5WT8CIbRLM
https://www.youtube.com/playlist?list=PLL5WT8CIbRLM
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3 Brochures Hrveying

About Geodesy

N Global Geodetic
Observing System

GGOS Flyers

6 Brochures
Promoting GGOS & IAG Services

5 Flyers

About Geodesy

Earth system

Gravitati 3
Gravitation i -
objects towan R — J
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o 1 everything 1
Where do jer y -
eatons] GGOS Governancé afid Operations:
ones. at Gravity is more than the force that keeps us on the ground; it is a window into the 5 4
us on the | Earth's changing mass. Tiny variations in Earth's gravity field reveal the Central coordination and daily running of GGOS
things are, how the gro, thinga L Yy movement and redistnibution of waler, jce, oceans, and mass within the sokd \ v
disaster. e Eay Earth. By measuring these changes over fime and across the globe. geodesy 1
By S s ot s The Earth is & provides the foundation for accurate heights, relisble positioning, and & better Intersction; 2 7 < y ,/ -
Globat Z
Before a disaster: Und Pracise observations reveal how our planst moves, deforms, and changes over time. {he Sin.md xm to ; vide understanding of how our planet is changing. bouddoss | ( N
Know wi fondor | g v | Inthe focus of GGOS 3 o Gaodasy (¢ /’Geomo&lc Servlces of the nternational e s
abserves the
Accurate m The Earth is constantly changing stronger their and  ice-cove « The observations prossbig 0 of G y: The b of 2 \\\
landsiides, Geodesy provides the measurements thal allow us to detect, understand, and quantify these distribution  of Gt “ » map, and understand these characl
| changes. By observing the shape, gravity field, rotation, and motion of the Earth, geodesy povides within its com Gravity: More Than Just “Down’ shape, rotation, and between the global geodesy L
‘essential information about processes occurring within and between the Earth's components: biosphere, cryo Gravity feels constant and un-changing to us * The global ti cryosphere a Carks, % !
Geodetic in o e nd biosph st € 4 0  global gooda Sy o o Gy Rt P st Gt st Span
pagenes | geosphere, atmosphere, hydrosphere, cryosphere and biosphere. Why is it 2."2,.’.2".2,‘."'.‘:" in everyday settings, butitisn’t which hmsﬂ; fune iy mmm‘ o Ay Gorosl i Goorteo Huconat T
The differe 2 measuring and co e
S .= What does geodesy help us monitor? struckorea il geodesy is o ¢ Earth's gravity fleid varies sublly (up100.5%)  GNSS positioning to local _positioning key global change m ’S::" o
ring a disaste E have varying gravity fiekd and | from place 1o place, reflecting the shape of  methods (0.g. leveling), and monitor many other sck prosidor | Obsenhg the Eah' fom' ihe Kokl 6f geodeey s e siarting. polt for
oo | arth Dynamics move relatiy a function of sg the planet, its rotation, and the distribution of  processes such as tides, water movement, applications. v understanding its shape, onentation, gravity field, and temporal dynamics. From
gres Crustal deformation, tectonic plate  motion, earthquake- resuing in ! properties. reac mass from surface rocks and groundwaterto  deformation,  and long-term  mass . S | Tie; parent: penisntinl
sowsoyr | induced dispiacements, and volcanic activity. over space different ways, deeper structures within the crust, mantie,  redistribution. iding the for eodetic Observing Syste points on the Eath's surface wilh i precision, providing the foundation
moved, hov the precise e componerdl and core W G, e % providing u hossosiupiih b | o detaminig the Exrt's ahape and mmm.mg the kinematics of ts sufsce. In
Oceans and Sea Level ¢ Earth's gravil " advances in Earh this context, the Global Geodetic Observing System (GGOS) integrates the
Support et - Therefore, in ¢ By moasuring gravity and its spatial and  physically consistent height system, and no aokstors sl ounded more than 160 yt e o e Clew) Gciest i Sy ]
Accurate p Sea-evel change, ocean Grculation, and changes in ice P A provide primary  objec temporal vaniations, geodesists model the  complete description of how the Earth arganisation " rea Sliiaion Wik aak, Wekidoins, s Pk g By prvcha,
sheets and glaciers. o lly level reference surfaces that define  system changes through time. advancement of geodes) consistent, and sustahable global reference aystem, supportng scleatifc,
focate affec = necessarlly invo oS o Mg i GGOS goals, objective ) environmental,_and technological appiications af the planetary scale. T)
Land and Water gy analysis and m ¥ ; rioos BN | techniques used in space gecdesy include VLBI, DORIS. SLR and GNSS, fo
S o -2 emitted by thy * Geodetic Informa inkrast addrest which can be added the study of the sea surface using satelite altimetry and
The comn Land subsidence, uphit, inland water bodies, groundwater - <,~‘ —~ particular those Development  an( issues, 10 Innovate GNSS reflectometry. Additionatly, the long-term monitoning of sea level is done
Behind the Measure t1 variations, and changes in the cryosphere. S observations. intan ous. with tide gauges workiwide. The integration of these vegm'n;m requires
Knox | Geodesy pi Atmosphere T s oot | Infornafional Association of Geodesy thaf ovorsee aoch of thoso fochnigues aro
Geodesy § fooda & Water vapour, electron content, and disturbances driven by oty scroes e gt . essential for ensuring operations, data qualty and reliable goodetic information
and servie space weather. . fiomandiomsrandin * Global det ipporting Earth system science and societal apph
Support st s podirgli Identication of g
Youuse g Geodetic m Climate and Earth System Change . i ifrastructure  an
1 Lo reconstruct Long-term changes in the soid Earth, oceans, ice, and v » modermisation,
Through t B ] atmosphere. aikscaice; o IAG Geometry Services
e Dectiug vy s | o | The Services of the International
m:;:ﬂf Gewasy provides the pt Geodesy makes Earth system change measurable _— Hesdbiombisco el o
tncersted respond o disasters, ani GNSS, gravity tide gauges, altimetry, and a unkua_organisational featuro.
Understand risk — Pre torrostrial networks to uoa(n a cansvslen( globd poum of how our planet is changing. Its The Services are the organisations
provide the reference and quantiaiive evidence needed lo connect that oversee all aspects related to
observations aauss space and time, and i [ — l'“mnmﬂ man:‘nc l;m.:dml
Tvough the Internatior Accurate abservations — Undestancing Earth processes — Betiar prediction Yo Seska k. pudas
Geodotic Observing § Informed decisions. | control, analysis and so on. The
works together to provid To understand a changing Earth, we first need to measure it. Orpanisaci) complexities of each technique, us
products and essential the continuous need fo maintain
understand our changing and improve the qualty of the -
'— I | Through the International Assoclation of Geodesy (IAG) and its [EicsE G60S Gawer observations  and  products
Global Geodetic Observing System (GGOS), the global geodetic = > nerated, and the variety of
community works together o provide the measurements, reference E institutions that own a e

systems, services, products and essential geodetic variables that help
science and sockly nderstand our changing Earth and buld a safer, _ [8l
more resiient world

i opeca &
TEE— the infrastnciure  require an 3
organisational structure to ensure ORER:
the smooth and continuous
provision of observations of the Geodetic obsarvenon mlwquu The fookox of Geodesy
Highee! qunlty. na el o Sk bruments on the Earth fond
davelopment and mprovement at
a technical level.
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http://geodesy.science/
media/outreach/
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Triangle Prism

2 kinds
scientific & mapping
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Print everywhere (A4)
Fold and glue / stick together
Put on table

Invisible.
But Essential.

A MAP Looks
FED.
The EARTH
SN T

Our planet is always moving

but coordinates must be exact
- or nothing works.

Positions Known
The world runs on location.
How do we know exactly
where anything is?

{ Cut here y

Lines on maps must work on land
4 | and at sea. How are borders and
N property lines placed correctly?

$ Cut here ¢

Routes Guided

Vehicles move. Roads and rails
must align.
How do they stay on track?

geodesy.science

w Cut here $

Geodesy maps the world

Boundaries Defined

Learn more at

(multiple languages)

- (¢ United | Global Geodetic Centre of Excellence :

M, 912 2
- so you know where you are.. -~ Nations

Why Geodesy
Matters!

e

Geodesy combines satellite
signals and ground stations
into reference frames
that provide precise
positions anywhere on Earth.

Keep t

Geodesy connects legal
boundaries to precisely
measured coordinates on
the dynamic Earth.

Keep this

Geodesy provides
positioning accurate to
centimeters by tying
navigation signals to
global reference frames.

54| Intemational Association of

4 GEODESY

ijep this

G Commission

= THe EAT?_TH 1
=4| Arotaro,

Our pia isn’
Planet jgn t a perfect
u

Common Initiative by IAG, GGOS, UN-GGCE and FIG.

Contributors: Rebekka Steffen, Ryan Keenan, Martin Sehnal, Allison
Craddock, Kaiwen Zi, Nick Brown and many volunterring people

translating the content.

¢

Our planet is always mowrvi'
but coordinates must be exa
- or nothing works.

id
. Geodesy mapPs m‘;::ﬂ'

§ v s

geodesy.science/
media/outreach/
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Website Based
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GEODESY

SCIENCE
of studying the
Shape, Gravity Field
and Rotation of the Earth

Learn More

https://geodesy.science

(=] News

T AT

[F] Events | @ Jobs | £& Member | Sitemap

-
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Geodesy in Everyday Life

Empowering Society and Shaping Our Future

Fri 7k

Framing our World

Providing the Basis not only for Positioning, Navigation, and

Timing but also for Earth System Monitoring
Imagine trying to navigate on a changing planet without a stable frame of
reference — it would be like trying to measure the displacement of one moving
object from another moving object. Geodetic reference frames, such as the
International Terrestrial Reference Frame (ITRF), provide the invisible but
essential foundation for everything from GNSS navigation and satellite-based
Earth observation to climate monitoring and disaster management. Recognized
by the United Nations as a key tool for sustainable development, these reference
frames allow scientists to detect even the tiniest shifts in the Earth’s surface, help
governments coordinate consistent geographic data across borders, and tell you
where you are when you ask your mobile phone. Without them, modern life and
science would be unthinkable.

Would you like to know how we can track a planet in motion?

What would a day without satellites look like?

-

Watch Later  Share

Watch on [ Youlube

Find out how much your daily life depends on reference frames!

e Werld
Unreugh
Geoclesy

Reference Frames

Shaping the Path
Geodesy's Central Role in Navigation and Mobility

From autonomous vehicles to aircraft navigation and the smartphone in your
pocket, modern mobility depends on geodesy. Global Navigation Satellite
Systems (GNSS) such as GPS, GLONASS, GALILEO and BDS, rely on precise
geodetic reference frames to determine position anywhere on Earth and in
space at any time. This geodetic backbone enables, among many others, safe air
travel, guides rescue teams during disasters, and powers location-based services
used by billions of people every day. For researchers it is the main tool for
detecting and understanding changes in the Earth system; for society, it is the
hidden foundation for infrastructure development and helps us mowve through
the world with confidence.

Curious how geodesy keeps us on track?




GGOS Website — Geodetic Products

geodetic products

Station Positions and '

:_g Station Position
P [SPTS)

Atmosphere State
(% ) Products of the

[w  Productsofthe
== Thermosphere

4l Products of the
. Atmosphere

Regional Reference Fr
| . Regional Terrest
% Reference Fram

J;“. Regional Gravity
iz Frame (RGRF)

,_ ] Regional Height
Frame (RHRF)
‘-E Vertical Datum |
= (VDP)

Regional Gravity Field

Regional Geoid |

Regional Gravity
Quantities (RGF

1 and and Marine (Gray

51

5ea Surface

"

| ====| Mean Sea Surface (|

- )
| 47 | Sea Lewel Anomaly)

(M) seastate (sE5)

- Empirical Ocean Tic
‘& Eom)
Sea Level

- Global Mean 5Sea Le

»

| ==% | Mean Dynamic Top
“F [MSLMDT)

- Global Sea Level Ch

| “472 | Dynamic Ocean Toj
< [SLCADOT)

Relative Mean Sea |
[i-‘ <3 (RMSL)

M Relative Sea Level {
EE [RSLO)

Mean Geostrophic |
- (MIGC)

Sea Water Level Records

) Sea Water Level Rey
E.-s | (SWLR)

Sea lce

.'ﬁ'- Sea loe Extension (S

Global Reference Frames

0 Celestial Reference Frame

s
' '@_‘.’3:’ (CRF}

@ Terrestrial Reference Frame

g (TRR)
Land Geometry i !rl,u!r \ Gravity Reference Frame
=<t (GRF)

%% | Digital Blevation |

@l Height Reference Frame
[HRF}

""‘g‘i‘ Digital Terrain M
Global Earth Gravity Field

I -s|-;. | Plate Kinematic b .._-. Global Gravity Field Models
. W aamy

/&% Earth Surface Def
(ESD)

Inland Water Level -

!;.1 Topographic Gravity Field
&% Models (TGFM)

bg Global Grawvity Field
5. Mean Regional W ~& Quantities (GFQ)

(22 (mrwy)

~ Earth Orientation Parameters

[ A IRne;giunal'.'\ll'aterl_i

RAWL n
[ 9 n{ .| Celestial Pole Offset (CPO)

Terrestrial Water tora,

[ “_ | Terrestrial Water % Universal Time (UT1)
=2 Anomaly (TWSA}
Ice Sheets F@ Length of Day (LOD)

lce Mass Change |

:’s Polar Mation (PM)

Ly, cmSheetThickne oo llite Orbits
_ = GNSS Satellite Orbits, Clocks

Glaciers £3° | and Bisses (GOCE)

Earth Observation Satellite

| :‘; | Glacier Mass Cha =
: ' Orbits (ESD)

PRODUCTS

Global Reference

Frames

.o, Celestial

(@) Reference

> Frame (CRF)
Terrestrial

@ Reference
Frame (TRF)
Gravity

.W': Reference

- Frame (GRF)

Height

@ Reference
Frame (HRF)

\‘-Iobal Earth Gravity

llobal Gravity
" .id Models

®)
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Digital Elevation Model and
Digital Terrain Model

Geodetic Products of EGV: Land Geometry
How can the Earth’s surface be represented?

Digital Elevation Model (DEM)

Digital Elevation Models is a generic term to indicate

representation of the surface of the Earth using point:

on a regular grid. For each point its position

reference frame and represented through a ch

[horizontal coordinates: geographic (latitude, longitude) or cartog
East, North)] and elevation [heights or depths: orthometric with respect
to a chosen geoid model or ellipsoidal with respect to a reference

bathymetry (digital

armonic

https://geodesy.science/ggos/products



https://geodesy.science/ggos/products

GGOS Website - EGV

o A P
m < About &'i'& Structure @ Observations ‘5? Services

Global Global Earth Earth Satellite
Reference Gravity Field Orientation Orbits Positions and
Frames Parameters Variations

Regional Regional Land and https://geodESV.science/

[

EGV Q] Reso

Essential Geodetic

Reference Gravity Field Marine

Frames Model Gravity Data g gos !e gv !

= Federal Office
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Surveying

\ Global Geodetic
Observing System

Land Geometry

Essential Geodetic Variable (EGV)
Domain: LAND | Subdomain: GEOMETRIC

Variables
aln
Global a
ect¥ - r . <t te
) Global Reference - f' The following geodetic products are key to \
Frames "1 Geodetic Variable: S

Global Earth
Gravity Field

*h Orientation

Digital Elevation Model (DEM)

/'55\ e, W -

Land Inland Water
Geometry Level
Storage

Digital Terrain Model (DTM)

Plate Kinematic Model (PKM)
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GGOS Portal | Search Tool — Geodetic Data o veroiosy an

Surveying

€5 ceos Portal  Search  Map
®) GGOS Portal Q search S Map Search Tool for Geodetic Data & Products

Change Map
0 -
2 - |

Search Dataset

GGOS Portal

Geodetic Data & Products
data.geodesy.science

Browse by Categories

SWOT
ial G i ia (EGV) Mission / system SWOT
) Atmosphere State 24 datasets B
EGVL | Category 4 Altimetry @
evels
3 : : DORIS recei
#b,) Earth Orientation Parameters 61 datasets m—
EGV Domains ¥i* SLR tracked @
o 3 Provider CelesTrak
: Lk 6378 datasets
EGV Subdomains +3) Geodetic Infrastructure 5370 uasels Displayed orbit (24 h) 2026-09-16T15:04:53Z

2026-09-17715:04:53Z

Geodetic Products “%. ) Geodetic Observations 14516 datasets Available data 2026-07-13T14:31:15Z
2026-09-17715:04:53Z

IAG Service or Component

Open satellite orbit info

= Geodetic Standards and Conventions 10 datasets

Station Positions and Variations 26 datase

®,) Satellite Orbits 104 datasets https://d ata,gEOd ESV.SCience E

&



https://data.geodesy.science/

ABCDEFGHRHI]I

* A-GPS/A-GNSS - Assisted ¢
* AAM - Atmospheric Angular
* Absolute Gravimetry

* Absolute positioning

* AC - Analysis Center

* ACC - Analysis Center Coor
* Accuracy

* ADOP - Ambiguity Dilution
* ADT - Absolute Dynamic To
* AFREF - African Reference F
* AGGO - Argentine-German
* AGrav - Absolute Gravity Dz
* AGU - American Geophysic
* AIUB - Astronomical Institut
* Almanac

* Altimetry

* Ambiguity resolution

* AOC - Advanced Operation:
* APREF - Asia-Pacific Referer
* AROF - Ambiguity Resolutio
* ARP - Antenna Reference P
* AS - Anti-spoofing

* ASI - Italian Space Agency
* Atmospheric Delay

* Atmospheric Loading

* Atomic Clock

B

* B1/B2/B3-BeiDou frequ

* Baseline

~ 600

items

Geodesy Glossary
https://geodesy.science/glossary-geodesy

Geoid

The geoid is an equipotential surface of the Earth's gravity field that closely approximates mean sea level, that is,
the average surface of the oceans in the absence of dynamic influences such as winds, tides, currents, and
atmospheric pressure variations. It represents the surface to which water would settle if the oceans were allowed
to adjust only under the influence of gravity and Earth’s rotation. Because the geoid follows variations in the Earth's
gravity field caused by uneven mass distribution within the planet, it has an irregular shape that differs from a
simple geometric ellipsoid.

In geodesy, the geoid plays a fundamental role as the reference surface for the
definition of physical heights. Heights measured in surveying and engineering
are typically related to the geoid rather than to a purely geometric surface.
Accurate knowledge of the geoid is therefore essential for establishing g
consistent height reference systems, such as the International Height @&
Reference System, and for applications ranging from mapping and |
infrastructure development to oceanography, hydrology, and the study of
mass transport and sea level change within the Earth system.

More Info:

* Regional / Local Geoid Models
* Height Systems

* |SG - International Service on the Geoid

Short descriptions & more info links
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Lessons Learned

Outreach matters

Tell stories, not just facts (storytelling: reduce complexity & make memorable)
Think globally (various languages)

Engage the community (geodesy cartoon competition, GGOS films)
Collaborate with Stakeholders (UN-GGCE, FIG, ...)

Use different formats (cartoons, films, print, websites, ...)
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Distribution is as important as creation (social media, newsletters, ...)



Thank you

Martin Sehnal
ggos@geodesy.science
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