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Intro

Presentation script
« The good: Maps: GSEU CRM Europe Map & Spanish
Fires
 The bad: Map uncertainities & misunderstandings
 The ugly: Fake news

 Final duel or how to deal with social media.



Forest fires in Spain (Summer 2025)

2025 was the worst forest fire season in Spain in
more than 30 years, with nearly 400,000 hectares

burned and 8 fatalities.

The fires have been exacerbated by extreme
weather conditions, including a heatwave
that has raised temperatures and reduced
humidity. The combination of temperatures
above 30 °C, strong winds and low humidity
has created an environment conducive to the
rapid spread of fires.



The good:
Maps: GSEU CRM Europe Map &
Spanish Fires



Fires between 1983 and 2012

228,486 fires

5,321,172 burned hectares
171 fatalities

1,605 wounded

Intended Fire

By lightning
Unknown

Source (Civio meteorologia)
https://civio.es/medio-ambiente/mapa-de-incendios-forestales/#explora



Burned areas 2000-2017

Source: El mapa de los incendios en Espafa - Mapas de El Orden Mundial - EOM



https://elordenmundial.com/mapas-y-graficos/mapa-incendios-espana/
https://elordenmundial.com/mapas-y-graficos/mapa-incendios-espana/
https://elordenmundial.com/mapas-y-graficos/mapa-incendios-espana/
https://elordenmundial.com/mapas-y-graficos/mapa-incendios-espana/
https://elordenmundial.com/mapas-y-graficos/mapa-incendios-espana/

Spanish foresty Map

- Conifers

Decidious trees

Mixed stands

Source Ministry of Envriomental, rural and Marine affairs (2008)



CRM Map (Date: 02/03/2026)

https://civio.es/medio-ambiente/mapa-de-incendios-
forestales/#explora



Iberian Peninsula Geologic map



The bad: Map uncertainities &
misunderstandings



CRM hard Rock deposits of Europe (2024)




Here comes the press Expansion Newspaper (12/03/2025)

Spain has rare earth
elements: here is a map
showing where they are

located

N J




CRM Maps comparison

2024 2026



Fires Map (August 2025)

Source: ABC newspaper (August 2025)



Fires Map (August 2025)

2025 1983-2012



The ugly: fake news

aka « Maps don't lie, but humans do »
(Renata Barros)



Fake new: Publication (20/08/2025)
4 )

Everything is
better
understood
together.
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{Don't you think that's/stm




Fake new: Argumentation

Fire removes the protective vegetation cover, allowing for
more direct geological studies and surveys.Ash and erosion
expose layers of shale, clay and alkaline igneous rocks where
rare earth deposits are often found.

In addition, political pressure following a major fire often
opens the door to mining concessions or extraction projects
under the pretext of ‘recovering the area’.

Rare earths are a group of 17 chemical elements essential for
mobile phones, solar panels, wind turbines, electric cars and
military technology (neodymium, dysprosium, lanthanum,
yttrium, etc.) that are worth more than gold.

They are the ‘petrol’ of the 21st century, and Europe wants to
use Spain for its own energy, as extraction generates
rejection due to radioactive contamination (associated
uranium and thorium).

Ask yourself why no media outlet explains this as a plausible
theory.



Fake new: Dissemination & Political affairs

Source DTV Channel
“BREAKING NEWS: SPAIN
BURNS WHERE THERE ARE
RARE EARTHS: The hidden
truth behind the forest

fires” (YOUTUBE) Source: Digital Newspaper THEOBJECTIVE (11/05/2025) “



Final duel or How to deal with
soclal media.



How should we react?

Typical Geological Survey reaction: a serious press note. Problem: poor imapct

/ Beware of the mapx Better

\ that links the fires of solution:
August 2025 to

alleged lithium and Contact
rare earth deposits anti-fake
journalists

without evidence.
_ Y,

Source: maldita.es 27/08/2025



Anti-fake arguments (l).

Beware of the map that links the fires of August 2025 to alleged lithium and rare earth
deposits without evidence is being shared that links the areas with the most fires this year
(southern Galicia, north-western Castile and Ledn, and central Extremadura) to areas
where there are alleged deposits of lithium and other elements in Spain.

One of the most shared maps shows 31 sites in Spain. Of these, 17 were already
operational or under development in 2024.

The urban planning laws of Galicia, Castile and Ledn, and Extremadura allow mining on
rural land without the need to rezone the land, and two experts tell us that burning a
potential deposit does not facilitate its exploration or exploitation.

The content does not provide any evidence as to why these fires would facilitate the
extraction of minerals.

The fires of 2025 coincide with the areas that have historically been burned the most in
Spain

MOTTO: Correlation does not imply causation.
Source: maldita.es 27/08/2025



Anti-fake arguments (Il

Rare earths are a group of 17 chemical elements, ranging from atomic numbers 57 to 71
(lanthanides), along with yttrium and scandium, explains the Geological Society of London
in a document.

The map shared ‘does not contain rare earth elements,” Paula Canteli, PhD in mining
engineering and head of Institutional and International Relations at the Geological
and Mining Institute of Spain (IGME), explains to Maldita.es. This can also be read in the
legend of the original map.Spain

On the other hand, at Maldita.es we have researched which companies are responsible for
these operational and developing deposits. There are different companies from different
countries (such as Canada, Australia, Mexico, Germany, among others) and some have
different projects in Spain. According to the public information available on these
companies, none of them are Chinese. That does not mean that none of these
companies have activities or interests in China or that there are Chinese individuals or
companies with minority stakes that, due to their size, are not reflected in the available
information.

Source: maldita.es 27/08/2025



Anti-fake dissemination.



Thank you for your attention
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Geo Workshop:

Exploring, Quantifying and Communicating Uncertainties in
Geological Models

Handling of uncertainties in geological and geotechnical
layer modelling in infrastructure projects

Mats Svensson, PhD
Tyréns Sweden

March 2-3, 2026



GEOBIM DATA MANAGEMENT

2012 2013 2017 ... 2020... ... 2021 2022

GeoBIM - A digital platform for all geotechnically related information

Geotechnics, Environment (Contam soil), Rock Engineering, Groundwater
Data — archive, field, lab
Models — bedrock surface, contamination plumes, GW lowering funnels
Geotech structures — piles, sheet piles, anchors, LC columns, mass handling

2012 2013 2017 ... 2020... ... 2021 2022

2023...

2023...

...2027

Adding...

Sensor
monitoring

...2027



3 models and an uncertainty map



Why uncertainty models?

» Geotechnical models are ALWAYS a discussion
* Differing geological/geotechnical conditions often a reason for claims
» Possible to optimize planning of investigation program at all times

 Clearer risk sharing in contracts (less claims)
 Sustainability by optimized mass handling



The process
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How the uncertainties are calculated

2 types of indata
* Individual uncertainties on each investigation
« Distance to nearest investigation

* Kriging, Monte Carlo-simulations — 100+ (-1 000) models

3m

Best guess
Max






Result



The reality

3m



How good Is the model?



5 uncovered bedrock surfaces — the truth



Misfit - model vs true bedrock



Case 1




Case 2




Many boreholes not always a guarantee
for a precise mode|

* Large individual uncertainties
overrule large number of
boreholes

 Basis for decision of changing
method
» Core drilling



Geophysics adding value



The value of being certain on the
uncertainties

* Optimization of investigation program
« Always most value for money

« Confidence in team during project
 You always have control

* Clearer risk sharing in contract between client and contractor
 Less claims



Why less claims?

EXTRA PAYMENT — NO PROBLEM

True bedrock

s . oy,
— ~

-—
- ~
- _—

Lower reasonable bedrock model

EXTRA PAYMENT — NO PROBLEM

NO EXTRA PAYMENT — NO PROBLEM



Svensson M., Friberg O., 2022, GeoBIM for handling
geological and geotechnical uncertainties in tunnelling,
World Tunnelling Congress, Copenhagen

GeoBIM for handling geological and geotechnical uncertainties in tunnelling
- ITA Bookshop

https://library.ita-aites.org/wtc/2229-geobim-for-handling-geological-and-
geotechnical-uncertainties-in-tunnelling.html


https://library.ita-aites.org/wtc/2229-geobim-for-handling-geological-and-geotechnical-uncertainties-in-tunnelling.html
https://library.ita-aites.org/wtc/2229-geobim-for-handling-geological-and-geotechnical-uncertainties-in-tunnelling.html
https://library.ita-aites.org/wtc/2229-geobim-for-handling-geological-and-geotechnical-uncertainties-in-tunnelling.html
https://library.ita-aites.org/wtc/2229-geobim-for-handling-geological-and-geotechnical-uncertainties-in-tunnelling.html
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TIM KEARSEY

Communicating model uncertainty to

stakeholders - practical examples and
lessons learnt




There are many ways to calculate uncertainty of geological
models

Bootstrap Excluding 50% of the input
S . boreholes and, re-running the model and
Qualitative - based on expert judgement test the model against excluded data Information Entropy or similar which

factor complexity against data density

Interpretation error {m)
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Charles H. Randle, Clare E. Bond, R. Murray Lark, Alison A. Monaghan; Can Kearsey, Timothy; Williams, John; Finlayson, Andrew; Williamson, Paul; Dobbs LeIIiott, MR, Cave, M.R. and Wealthall, GP,
uncertainty in geological cross-section interpretations be quantified and i N N ’ ' ' g ' 4

! >* ! Marcus; Marchant, Benjamin; Kingdon, Andrew ; Campbell, Diarmad. 2015 2009. A structured approach to the measurement of
Pr?d'CtEd?- Geosphere 2018;; 14 (3): 1087-1100. Testing the application and limitation of stochastic simulations to predict the . . pp .
doi: https://doi.org/10.1130/GES01510.1 lithology of glacial and fluvial deposits in Central Glasgow, UK. Engineering uncertainty in 3D geologlcal models.

Geology, 187. 98 - 112. 10.1016/j.engge0.2014.12.017
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Image of confused
stakeholder



Deep Geothermal



The guestion

What is the deep geothermal
resource for sedimentary
basins in the UK at 4-6km
depth

Targets:

— Lower Carboniferous
Limestones (England)

— Devonian Sandstones
(Scotland)

Devonian
Sandstones
Carboniferous

Limestones



Challenge

Lack of wells and seismic data

Only a few wells hit the top of
the target and fewer prove its
thickness

Seismic was focused on
shallower strata so we had
variable quality pick for the
target



The models

Models were created using
AspenSKUA / SKUA GOCAD

Both built using the implicit
workflows

These use a lot of data in from
the strata above to constrain
the target strata



Using well miss match

https://www.linkedin.com/pulse/can-making-3d-geological-models-match-
observations-actually-
kearsey/?trackingld=SCIlg6QuIRQOceauxlyTjgQ%3D%3D



Using well miss match

Combined Depth Uncertainty Thickness Estimated HIP P50 Tentative
local range to on depth  range(m) Temperatur (PJ)* Heat rec
authority ECI (m) () e Range P50 (kW)

(England (n=number (°C) [kW/kmz]
and Wales) of wells)

East 44 + 36,995,000

Midlands 400-4200 (n = 144) 0-2200 10-140 355,000 [5919,000]
Humber

’ 47 + 20,078,000
Sglaest and  1000-4600 (n=13) 0-1900 40-140 193,000 [3212,000]

Jones, D.J.R.; Randles, T.; Kearsey, T.; Pharaoh, T.C.; Newell, A.. 2023 Deep
geothermal resource assessment of early carboniferous limestones for Central and
Southern Great Britain. Geothermics, 109,

102649. https://doi.org/10.1016/j.geothermics.2023.102649

Mean
Domestic
Annual
Heat
demand
(kW/km?2)

1245,000

689,000


https://doi.org/10.1016/j.geothermics.2023.102649

Integration with thermal modelling

We could integrate the +/- depth
values with heat in place modelling

Which meant that we had better
control over all the inputs into the heat
resource model

It also meant that we could
communicate the drill depth
uncertainty in units that potential
drillers could understand



Groundwater flooding



The guestion

Underlain by Carboniferous Coal
Measures

Legacy of underground mine
workings

Local issues with groundwater
flooding

Interest in mine water for heating
systems

Complex superficial deposits

Inconsistencies in BGS geology
maps of the area



The data

Model 20km x 15km
173 boreholes

3D mine plan data
from 7 underground
coal seams



Bedrock and coal mining

Models were created using
AspenSKUA / SKUA GOCAD

Built using the implicit workflows
modelling

To feed in to groundwater flooding
hazard mapping

Kearsey, T.; Arkley, S.; Callaghan, E.; Murphy, B.; Reeves, T.; Terrington, R.. 2025 3D
geological model report of the bedrock geology underlying the Gateshead area - Project
Groundwater Northumbria. Nottingham, UK, British Geological Survey, 44pp. (Project
Groundwater Northumbria series, CR/24/123N)



https://nora.nerc.ac.uk/id/eprint/539166/
https://nora.nerc.ac.uk/id/eprint/539166/
https://nora.nerc.ac.uk/id/eprint/539166/
https://nora.nerc.ac.uk/id/eprint/539166/
https://nora.nerc.ac.uk/id/eprint/539166/

Communicating uncertainty

The model was to feed into
groundwater flooding risk maps

These use rules such as distance
from surface to highlight areas of
risk of flooding

By using well mismatch as to

provide an estimate of vertical error

the hydrogeologists could adapt their

rules so the uncertainty was taken https://britain.iah.org/files/2025/08/Slides-Ineson-2024.pdf
into account
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THANK YOU

Any questions?



Real world case studies

* Deep geothermal resources (Carboniferous limestone and Devonian Sandstones)

Jones, D.J.R.; Randles, T.; Kearsey, T.; Pharaoh, T.C.; Newell, A.. 2023 Deep geothermal resource assessment of early
carboniferous limestones for Central and Southern Great Britain. Geothermics, 109, 102649.
10.1016/j.geothermics.2023.102649

Kearsey, T.l.; Receveur, M.; Monaghan, A.A.. 2024 Modelled hot sedimentary aquifer geothermal potential of Upper Devonian
strata in the Midland Valley of Scotland. Nottingham, UK, British Geological Survey, 43pp. (OR/24/030)

* Groundwater flooding associated with abandoned coal mines

Kearsey, T.; Arkley, S.; Callaghan, E.; Murphy, B.; Reeves, T.; Terrington, R.. 2025 3D geological model report of the
bedrock geology underlying the Gateshead area - Project Groundwater Northumbria. Nottingham, UK, British Geological
Survey, 44pp. (Project Groundwater Northumbria series, CR/24/123N)

18
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Uncertainty calculation of explicit 3D geological models in
geologically complex regions and its incorporation into
BIM exports of the models for further exploration and

design works

Jan Franék 1), FrantiSek Stanék (1), Zdenék Rudovsky (2), Jan Jelinek (1)

(1) - Czech Geological Survey
(2) - Czech Technical University in Prague



Model uncertainties at the CGS
Geological models mainly for large constructions

M c. 12x10x1.5 km

move

The scarcity, heterogeneity and complexity of available
archived and newly acquired geological data often do not
allow for any semi-automatic techniques of model
construction. Our models usually need to be created
mainly manually, stemming from extensive field
experience, that cannot be gathered in databases etc.



BIM — interdisciplinary tool

* BIM IFC exports — to combine geol. models with construction planning of tunnels or large
buildings and to deliver the rock environment comfortably to engineers and architects,

possibly populated with geotechnical parameters

move

Integration of geological bodies, surfaces and primary
data into the designer's software in accordance with I1SO
and other conventions respected by non-geologists

Geological native 3D model

Universally understandable 3D construction
site model in the IFC open data format



Geological models into BIM

™

move

1SO 16739:2018

2 types of objects are derived from the geological model and exported into IFC file format:

-Voxels —e.g. 10 x 10 x 1 min size, allowing to capture detailed variations in various geological and
geotechnical parameters but simplifying geometries.

Exported via home-made VBA script using MS Excel sheet as input data describing individual voxels

- Quasi-homogeneous volumes plus unclosed meshes — preserving almost precisely original geometries from
native geological model, but keeping only very generalized parameters of individual rock / soil volumes

Meshes from MOVE sw. are first manually corrected in Blender sw. and then exported into IFC format using
Blender BIM addon

Each exported object bears graphical and non-graphical information, which is later extended by geotechnical
parameters of the modelled rocks and soils

Bonsai



BIM models — 2 types of geological volumes

X0 quasihomogeneous units (objects), c. 2x1 km > 2 mil. voxels (objects), e.g. 10x10x1 m each

d

O Object.b.367

BIM Data  Qther Properties

|dentification Location Quantities Relations Classification

Property Value
Bottomn Area 100,00 m2
Volume 100.00 m3
Bounding Box Height 1.00m
Bounding Box Length 10.00 m

Bounding Box Width 10.00 m



Property
Site
Building
Floor

Federated Floor

Location

LUV-056-Pump-IFC-LUL]

Property
C5_SCHEDULEID
CS_SCHEDULETYPEID
Typ média (i)

Typ napojenti
Typ ovidddni
LV_FilterifcCategory

BIM mo

ldentification Location  |ssues  Quantities  Material

Value

EDUII site
D09 ZWADN
1MNP

(ASR)} TNP

echnicalSpecification

Value

1,028,800

1,028,738

Topnd voda

2dvit
ruénifautomatické
IfcPump. CIRCULATOR

Specification

del as integ

rated database

UV-IFC- U__S}-'ster;'ul- Subsystem

Property Value

IdElementinstanceSystemC... 2

IdElementSysternCode 001acw.1.2
IdElementTypeSystemCode  001acw.1

ldSubsystemCode 1-02¢-20{- XX

ldSysternCode 5¥23.1-003hhwe
IdSysternElementSubsyste...  5Y23.1-003hhwec-001acw.1....
UserD1aSysternMName Wytapéni': Vytapeni teplovo..
UserD1bSysternCode SY23.1

System

LV-IFC-U_SNIM-Classification-Identification

Property Value

SnimCode COa00

SnimCodelong C0a00.0001.2

SnimName l.’f'erpadio : Cerpadio cirkulad..
Classification



Federated model of a construction site






3 ways of delivering uncertainties of a single
geological model

Uncertainty of a geological model was incorporated into the federated BIM project as:

1. Voxelized calculated uncertainty across the modelled volume, in our case according to Stanék et al. (2025) — as
scalar property of each voxel

2. Classified expert estimate of uncertainty of individual meshed volumes — quasihimigeneous blocks — as text
property of each watertight mesh

3. Incorporation of source spatial geoscientific data to allow for visual assessment of uncertainty and also for any later

check of model reliability according to source data — as 3D objects containing links to archives / PDFs etc.

(1) and (2) serve for active user work with the federated model — for filtering and visualization of individual BIM model objects



1. Uncertainty is calculated according to Stanék et al. (2025)

Stanék, F., Franék, J., Jelinek, J., Za¢ek, V. (2025): Estimating relative uncertainty of geological
3D models with low density of input data in geologically complex regions. Earth Science
Informatics. ISSN 1865-0473. http://doi.org/10.1007/s12145-025-01778-0

10
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2. Classified expert estimate for quasihomogeneous volumes

Lithology Source & Weathering Source - definition of values of information category

A - the boundaries of the body are defined precisely, from surface mapping or from numerous geophysical data and
numerous sufficiently deep and well-described boreholes

B - the boundaries of the body are defined relatively precisely, from surface mapping or from a small amount of

geophysical data and numerous sufficiently deep and well-described boreholes

C - the boundaries of the body are partly defined relatively precisely, e.g. from surface mapping, and partly qualifiedly
estimated from numerous geophysical data supported only by a smaller amount / poorer quality borehole descriptions

D - the boundaries of the body are defined imprecisely, qualifiedly estimated from a smaller amount of geophysical data
supported only by a smaller amount / poorer quality borehole descriptions

E - the boundaries of the body are defined significantly imprecisely, are only roughly qualifiedly estimated from
insufficiently high-quality geophysical data supported only by a smaller amount / poorer quality borehole descriptions

F - the entire rock body is hypothetical, its position and dimensions are only roughly estimated from insufficiently high-
quality / insufficiently deep-reaching geophysical data supported by only a small number / poor quality borehole
descriptions

12




3. Integration of primary geoscientific data into BIM

Representation geological and
Representation of boreholes geophysical profiles

#

13



Money saving

According to Czech standard CSN 73 6133 (starting with R2 class, i.e. bedrock strength 50-150
MPa) = shift of the building location + shorter piles = c. 1,3 mil. K¢ (562.000,- EUR) expected
money saving

14



Thank you for attention



How to make models look less certain
Overcoming image anchoring using visual cues to
bring uncertainty into focus

Some rules to improve the effective visualisation of uncertainty in models

Stephen Tyson
Industry Mathematics and Physics




Motivation

The simple act of seeing a geological model creates bias

If uncertainty isn’t somehow included in the visual, adding it later, or just talking about
uncertainty will create conflict in your mind... which is usually resolved by going back to what
you saw

Your entire visual system is programmed to make things real

... and Al visual interpretations are trained to extract and determine reality from images

This presentation considers how we can overcome the nature of your brain to make things real..
with some assistance from Seurat, Monet, Braque, and Wile E Coyote

2 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



The uncertainty narrative

1753 Dutch map of Australia

The label on the East coast says,
“I think that Van Diemen’s Land
[now Tasmania] could join with St
Esprit’s Land [Cape York] but
there is no proof.”

Captain James Cook reached the
east coast in April 1770 and
claimed the land for Britain.

3 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Emerging from fog and poor light

e The asset is real

e \We can see some things
clearly

e Different decisions need
clarity on different
information

e |s it two ships or one big ship?
(Navigation and collision
avoidance)

e Are these objects friends or
foes? (Military engagement)

4 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Image Anchoring and Persistence

Why do some people see things that others don’t?

© Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Image Anchoring and Persistence

* |t’s very common to see images like
this in presentations and reports.

e Why do we even do this?
e Because we can?

e Or because we don’t realise that it
tells us very little... and starts the
process of misrepresentation

6 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Image Anchoring and Persistence

 Once an image has been seen, it can’t
be unseen

* Your mind will make this real

 The observer can handle parametric
uncertainty with colour changes

 The observer cannot manage
structural (shape) changes due to
significant cognitive overload

e Solution: Don’t use 3D models to
communicate without guidelines

7 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Perceptual Contamination

How your efforts to communicate uncertainty are undermined

© Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Perceptual Contamination

* You know that the 3D model on your computer has structural and property
uncertainties.... so why take a screenshot?

* Once it leaves you, the screenshot that you put in a presentation or a report
has no metadata to inform anyone of its shortcomings

e Advertisements must show warnings if the product may not be exactly as
advertised — to avoid litigation

9 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Product Warnings

“Serving suggestion.”

“For illustration purposes only.”
“Product may vary.”

“Images are simulated.”

There are good legal reasons for these
warnings

10 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Product Warnings

“Subsurface asset suggestion.”
“For illustration purposes only.”
“Asset geometry may vary.”
“Images are simulated.”
“Approved use is limited to...”
“Use by date”

There are good legal reasons for these
warnings...

11 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



How we interpret images

And how this supresses uncertainty...

12

© Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Seurat

How can we overcome your
brain’s desire to make things
real?

13 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Parametric uncertainty
Rouen Cathedral, Monet

14 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Geometric uncertainty
Georges Braque

15 © Copyright 2026 Industry Mathematics and Physics Co Ltd. All Rights Reserved



Structural Uncertainty

“If a model is made up of objects and properties where the properties are normally
displayed as colours, most observers have no problem with changes in property values.
They have massive issues if the shape or location of the object changes in response to
new information”

We tolerate property uncertainty.
We resist structural uncertainty.

16 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Why colour changes are easy

When a property (represemted by colour) changes:
 The object’s identity remains stable.
* |ts boundaries don’t move.
* |ts topology doesn’t change.

The brain encodes this as: “Same thing, new state.”

This is cognitively cheap and it fits the object permanence model our brains
evolved with.

17 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Why shape/location changes are disturbing

When geometry changes:
e Boundaries move.
e Volume changes.
Topology might change.
Spatial relationships shift.

Now the brain must ask: Is this still the same object?
That’s expensive.
You’'ve crossed from parametric uncertainty to ontological uncertainty.

Think; “Is this bird blue?” compared to “Is it a bird or is it a plane?”

18 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Guidelines for visual integrity

Can we agree on a set of rules to reduce the misleading effects of visualisation?

19
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Laws of Cartoon Motion — Chuck Jones

1. Any body suspended in space will remain in space until made aware of its situation.

2.  Any body in motion will tend to remain in motion until solid matter intervenes suddenly.

3.  Any body passing through solid matter will leave a perforation conforming to its perimeter.

4. The time required for an object to fall 20 stories is greater than or equal to the time it takes the character to say,
“Uh-oh.”

5. All principles of gravity are negated by fear.

6. Asspeed increases, objects can be in several places at once.

7.  Certain bodies can pass through solid walls painted to resemble tunnel entrances. Others cannot.

8.  Any violent rearrangement of feline matter is impermanent.

9.  Everything falls faster than an anvil.

10. For every vengeance, there is an equal and opposite revengefulness.
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What makes these rules interesting...

They’re not arbitrary. They encode deeper
animation principles:

* Anticipation

* Exaggeration

e Timing

e Audience awareness

* Psychological causality

Cartoon physics runs on:
e Knowledge
* Emotion
* Narrative timing

e Comic expectation

Not force, mass, and inertia.
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Insight
If cartoon physics has laws to clarify the communication of narrative

Can uncertainty modelling have laws to clarify the communication of
cognition?

22 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



Laws of Uncertainty Perception

A model with unknown regions will be perceived as complete unless uncertainty is made visually unavoidable.
Observers anchor on the most visually stable region — this should be the region of least uncertainty
Uncertainty not explicitly encoded will be interpreted as precision.

It is easier to interpret a wrong coherent model over a correct ambiguous one.

The sharper the boundary, the stronger the implied knowledge.

Transparency implies possibility, not probability.

Multiple overlaid possibilities are perceived as noise unless structured.

Discrete alternatives are easier to understand than continuous uncertainty.

Property variation doesn’t threaten identity.

Structural variation challenges identity, so structural uncertainty increases cognitive load nonlinearly.
Human visual inference assumes spatial stability by default so boundary changes force causal revision.
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1. A model with unknown regions will be perceived as complete unless
uncertainty is made visually unavoidable.

Humans auto-complete.

If you show a surface with a gap observers will mentally fill the gap.

If uncertainty matters, it must be encoded aggressively.
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2. Observers anchor on the most visually stable region — this
should be the region of least uncertainty

In partially known models:
The most visually stable geometry becomes the mental reference frame.

Everything else is interpreted relative to that anchor.
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3. Uncertainty not explicitly encoded will be
interpreted as precision.

Silence implies confidence.

If you draw a clean edge observers assume it is known.

The default is that perception = certainty.
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4. It is easier to interpret a wrong coherent model
over a correct ambiguous one.

This is the dangerous one.

Given:

1. Asingle clean but wrong surface or
2. A probabilistic cloud of truth

Most people will trust the clean surface.

Clarity beats accuracy in perception.
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5. The sharper the boundary, the stronger the
implied knowledge.

Crisp lines and high-quality 2D and 3D graphics imply

Measurement
Authority
Confidence

Blur and lower quality images (think pencil sketches) implies doubt.

Line weight and image quality (particularly in hard copy) is epistemology
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6. Transparency implies possibility, not probability.
If you show a translucent region observers assume:

“It might be here.”

Not:

“It is 63% likely to be here.”

Opacity communicates plausibility, not distribution.
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7. Multiple overlaid possibilities are perceived as
noise unless structured.

If you overlay 100 possible geometries observers do not see probability.

They see chaos.

You may need to talk observers through your portfolio of possible structural
models.

The visualization’s structure must organise multiplicity to assist the observer
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8. Discrete alternatives are easier to understand than
continuous uncertainty.

“Three possible shapes” is easier than
“An infinite distribution of shapes.”

Quantisation aids comprehension.
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9. Property variation doesn’t threaten identity.

* Changing colour, density, temperature, velocity is perceived as state change.
 |dentity remains intact.

Real objects change colour and we’re comfortable with that
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10. Structural variation challenges identity, so structural
uncertainty increases cognitive load nonlinearly.

Small unknown region - manageable.
Large unknown region - conceptual collapse.

Past a threshold, the model ceases to feel “real”.
e This may be good
* |t may also be unacceptable to your superiors

33 © Copyright 2026 Industrial Mathematics and Physics Co Ltd. All Rights Reserved



11. The human mind assumes spatial stability by default.

Space is treated as:
e Persistent
e Reliable
e Ground truth

If geometry moves or changes, trust and confidence drops...
..unless it is explicitly encoded into the narrative

Think:

“Here are some options we believe to be representative”

not
“Here is the geological mode

|II
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Conclusions

 Models become real once we create a visualization, so we need to be very
careful when we share visuals to prevent perceptual contamination.

e Property uncertainty is much less challenging than structural uncertainty.

e 2D images are less susceptible to anchoring and have better options to
communicate uncertainty.

 We should present and maintain multiple structural options to avoid
anchoring.
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Thank you, questions?

A model with unknown regions will be perceived as complete unless uncertainty is made visually unavoidable.
Observers anchor on the most visually stable region — this should be the region of least uncertainty
Uncertainty not explicitly encoded will be interpreted as precision.

It is easier to interpret a wrong coherent model over a correct ambiguous one.

The sharper the boundary, the stronger the implied knowledge.

Transparency implies possibility, not probability.

Multiple overlaid possibilities are perceived as noise unless structured.

Discrete alternatives are easier to understand than continuous uncertainty.

Property variation doesn’t threaten identity.

Structural variation challenges identity, so structural uncertainty increases cognitive load nonlinearly.
Human visual inference assumes spatial stability by default so boundary changes force causal revision.
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