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SOURCES OF UNCERTAINTY (SPIEGELHALTER)

Aleatory Uncertainty
Inevitable unpredictability of the future due to unforeseeable
factors, fully expressed by classical probabilities.
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Epistemic Uncertainty

Modelled and quantified uncertainty about the structure and
parameters of statistical models, expressed, for example,
through Bayesian probability distributions or sensitivity
analyses.
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Uncertainty about the ability of the modelling process to
describe reality, which can only be expressed as a qualitative
and subjective assessment of the model, conveying with
humility the limitations of our knowledge.
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HOW TO LIE WITH UNCERTAINTY



TOBACCO INDUSTRY

- Brown and Williamson Tobacco company internal memo,
1969:

“Doubt is our product, since it is the best means of
competing with the ‘body of fact’ that exists in the mind
of the general public. It is also a means of establishing
controversy.”



FOSSIL FUEL INDUSTRY

mmmnggmm eved When

»  Average citizens “understand” (recogrize) uncertintids in ciimate sclerws
recognitlon of wncesidintiey becomes patt of the “conventioral wisdom™

*  Media “undarstands” (recognizes) unarrtaintes in dimate sdence. -

e Medﬁmmgvmﬂmbdmmchmhmudmgmbmofﬂwﬂkd&tyﬂ
vigwpoints that challenge the cairent “¢onventional whsddm”

*  Industcy senior leadership undergtands uncertainties in cjimate sdence, making
Msﬁmmﬁmﬂmh&mwlmsluyedimampohq

. Mmmmmwunmbmufmwwmmmnf
touch with reality.

American Petroleum Institute, 1998



WILFUL MISUNDERSTANDING?

The graph that reveals how ‘95 per cent certain’ estimates
of the earth heating up were a spectacular miscalculation
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WILFUL MISUNDERSTANDING?

The graph shows a world stubbornly
refusing to warm. Indeed, it shows the
world is soon set to be cooler.

The awkward fact is that the earth has
warmed just 0.5 degrees over the past
50 years. And Met Office records show
that for the past 16 years temperatures
have plateaued and, if anything, are
going down.
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The graph that reveals how 95 per cent certain’ estimates
of the earth heating up were a spectacular miscalculation
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and this heavy black line is the official
‘world average temperature - which
Is about 1o crash out of them both
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As the graph shows, the longer this goes on, the more the actual, real-world
temperature record will diverge from the IPCC’s doom-laden prediction.

Daily Mail, March 16. 2013




WILFUL MISUNDERSTANDING?
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WILFUL MISUNDERSTANDING?

The graph that reveals how ‘95 per cent certain’ estimates
of the earth heating up were a spectacularmiscaleulation-
SUCCESS!
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UNEMPLOYMENT HEADLINES

UK unemployment falls to 1.44 million

@ 24 January 2018 B f © W [ <« Share

GETTY IMAGES

UK unemployment fell by 3,000 to 1.44 million in the three months to
November, official figures show.

BBC, January 24. 2018
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BEHIND THE HEADLINES

Table of contents

17. Quality and methodology v

changes in the numbers. For example, for September to November

2017, the estimated change in the number of unemployed people
since June to August 2017 was a small fall of 3,000, with a 95%
confidence interval of plus or minus 77,000. This means that we are
95% confident the actual change in unemployment was somewhere
between an increase of 74,000 and a fall of 80,000, with the best
estimate being a small fall of 3,000. As the estimated fall in
unemployment of 3,000 is smaller than 77,000, the estimated fall in

unemployment is said to be “not statistically significant”.
ONS, UK Labour Market January 2018
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HOW TO COMMUNICATE UNCERTAINTY



HOW TO COMMUNICATE UNCERTAINTY

IN THEORY
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OUR AIM WHEN COMMUNICATING RISK AND
UNCERTAINTY IS TO INFORM DECISION-MAKING.



LEISS’S PHASES OF RISK COMMUNICATION

Phase 1 7 Phase 2
. Information should be
Information just needs to

be communicated, in detail persuasively :‘

communicated

Phase 3
Information should be
u@ﬂ communicated with

‘intelligent transparency’

Three Phases in the Evolution of Risk Communication Practice, 1996
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NOT-SO RATIONAL DECISION MAKERS

Context plays a key role in how we understand risk and
uncertainty as a lay audience. The following (Slovic 2000,
Ropeik 2010) have been termed fear factors:
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NOT-SO RATIONAL DECISION MAKERS

Context plays a key role in how we understand risk and
uncertainty as a lay audience. The following (Slovic 2000,
Ropeik 2010) have been termed fear factors:

- Uncontrollable, novel, or not understood

- Having catastrophic potential, or dreadful consequences
such as fatality

- Bearing an inequitable distribution of risks and benefits

- Delayed in their manifestation of harm

14



POLARISATION AND RISK PERCEPTION
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SO WHAT CAN WE DO?



NEW AIMS FOR UNCERTAINTY COMMUNICATION
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HOW TO COMMUNICATE UNCERTAINTY

LESSONS FROM RISK COMMUNICATION



THE PROBLEM WITH WORDS

- Wide variability in interpretation, even within groups
(Willems et al,, N = 881)

Variability in the interpretation
of Dutch probability phrases -
a risk for miscommunication

Sanne JW. Willems, Casper J. Albers and lonica Smeats
Leiden Universty and University of Groningen, The Netheriands
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THE PROBLEM WITH WORDS

- Wide variability in interpretation, even within groups
(Willems et al,, N = 881)

- Asymmetry in interpretation

- No reliable ‘translation’ between verbal phrases and
numerical values representing probabilities

Variability in the interpretation
of Dutch probability phrases -
a risk for miscommunication

Sanne JW. Willems, Casper J. Albers and lonica Smeats
Leiden Universty and University of Groningen, The Netheriands



THE PROBLEM WITH WORDS

- What percentage of people taking a drug can we expect to
experience a ‘common’ side effect?

David Spiegelhalter
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THE PROBLEM WITH WORDS

- What percentage of people taking a drug can we expect to
experience a ‘common’ side effect?

- Mean estimate: 34% (N = 120)
- Pharmacological definition: 1 — 10% of patients

- Recommended: "Common: may affect up to 1in 10 people”

David Spiegelhalter

19



COMPARING RISKS

- A survey from Galesic & Garcia-Retamero (2010) asked the
following question:

Which of the following numbers represents the biggest risk of
getting a disease? 1in 100, 1in 1,000, or 1in 10?
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COMPARING RISKS

- A survey from Galesic & Garcia-Retamero (2010) asked the
following question:

Which of the following numbers represents the biggest risk of
getting a disease? 1in 100, 1in 1,000, or 1in 10?

— 72% of 1,000 respondents in the United States and 75% of
1,000 respondents in Germany answered correctly.

— Keep the denominator fixed when making comparisons!
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UNDERSTANDING THE REFERENCE CLASS

100 1200 1300 1400 1500 Thick cloud and a gentle

breeze
o S mn° Humidity 65%
QJ Q) 10° 10° Pressure 1016 mb
go go Visibility Good
Temperature feels like 9°
vy M " ‘. . Low chance of precipitation
L L L L

18% 19% 20%

19% 20%
A gentle breeze from the
S 6 6 6 o

BBC Weather

21



RELATIVE RISK VS. ABSOLUTE RISK

Processed meats - such as bacon, sausages and ham - do cause cancer,
according to the World Health Organization (WHO).

Its report said 50g of processed meat a day - less than two slices of bacon -
increased the chance of developing colorectal cancer by 18%.

22
BBC, 26. October 2015



RELATIVE RISK VS. ABSOLUTE RISK

Spiegelhalter, 2017

- Of 100 people who don't
eat bacon, 6 can be
expected to develop bowel
cancer.
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POSITIVE AND NEGATIVE FRAMING

- “10% of patients get a blistering rash”
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POSITIVE AND NEGATIVE FRAMING

- “10% of patients get a blistering rash”
— 1.82 on a risk scale of 1-5

- “90% of patients do not get a blistering rash”
— 143 on arisk scale of 1-5

David Spiegelhalter
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POSITIVE AND NEGATIVE FRAMING

- “10% of patients get a blistering rash”
— 1.82 on a risk scale of 1-5

- “90% of patients do not get a blistering rash”
— 143 on arisk scale of 1-5

- “10% of patients experience a blistering rash, and 90% do
not”

David Spiegelhalter

2%
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CASE STUDIES

CLIMATE AND WEATHER FORECASTING
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ENSEMBLE MODELS

IPCC AR5 Greenhouse Gas Concentration Pathways

Representative Concentration Pathways (RCPs) from the fifth
Assessment Report by the International Panel on Climate Change

1250
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350
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CO,- equivalent (ppm)

Wikipedia: Representative Concentration Pathway
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COMMUNICATING UNCERTAINTY FROM EMS

The following communication priorities need to be balanced:

Communicating probabilistic
information from climate model
ensembles—lessons from
numerical weather prediction
Elisabeth M. Stephens,'* Tamsin L. Edwards' and David Demeritt
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The following communication priorities need to be balanced:
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— the extent to which the trustworthiness of the model is
communicated
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COMMUNICATING UNCERTAINTY FROM EMS

The following communication priorities need to be balanced:

 richness
— amount of information communicated
- robustness

— the extent to which the trustworthiness of the model is
communicated

- saliency
— interpretability and usefulness for the target audience

Communicating probabilistic
information from climate model
ensembles—lessons from
numerical weather prediction
Elisabeth M. Stephens,'* Tamsin L. Edwards' and David Demeritt
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CONE OF UNCERTAINTY
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Hurricane Sandy
Friday October 26, 2012
11 PM EDT Advisory 19
NWS National Hurricane Genter

Current information: ®
Genter location 27.7 N 77.1 W
Maximum sustained wind 75 mph
Movement N at 7 mph

Forecast positions:

@ Tropical Cyclone  Q Post-Tropical
Sustained winds: D <39 mph
§39-73mph H74-110 mph M > 110 mph

Potential track area:

Watches:

Day 1-3

Day 4-5

Hurricane

Trop Storm

Warnings:
Il Hurricane M Trop Storm

National Hurricane Center, US
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SHARPIEGATE
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Donald Trump has gone to great lengths to defend bis tweet that said that Alabama weuld be
affected by Hurricane Dorian. Photograph by Tom Brenner / Bloomberg / Getty

The New Yorker, September 6. 2019
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SPAGHETTI PLOTS
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HEATMAPS AND SPAGHETTI PLOTS
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CASE STUDIES

CORONAVIRUS
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MODEL UNCERTAINTY

month totals reported by [19] corrected for the travel surge during Chinese New Year (see Summary).

MRC Centre for Global Infectious Disease Analysis

Shorter
Baseline’ cast::r;-nanl::;t' detection 6 e{;zoer;ed 8 e;;::er;ed
window’
Exported number of
confirmed cases? 7 7 7 6 8
Daily international
passengers travelling
out of Wuhan 3,301 3,301 3,301 3,301 3,301
International Airport®
Effective catchment
population of Wuhan 19 million 11 million 19 million 19 million 19 million
International Airport
Detection window (days) 10 days 10 days 8 days 10 days 10 days
Estimated total number 4,000 2,300 5,000 3,400 4,600
of cases (95% Cl) (1,700 -7,800) | (1,000-4,500) | (2,200-9,700) | (1,400-7,000) | (2,100 —8,600)
"We now report uncertainty around our central estimate as the range spanned by the 95% confidence intervals of

these three scenarios. 2reported number of confirmed cases detected internationally. 3calculated from the 3-
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COMMUNICATING UNCERTAINTY

MRC Centre for Global Infectious ...
@MRC_Outbreak

( Follow ) ~

UPDATE: Report estimates 4000 cases
#coronavirus #2019nCoV

Our estimate at 4,000 cases is more
than double the past estimate due to
increase of number of cases outside
China. This should not be interpreted as
implying the outbreak has doubled in
size.

m imperial.ac.uk/mrc-global-inf ...

IMPERIAL COLLEGE REPORT 2

UPDATE:
2019-nCoV
OUTBREAK

Updated case estimates 4,000

3:22 AM - 22 Jan 2020
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COMMUNICATING UNCERTAINTY

MRC Centre for Global Infectious Disease Analysis @MRC_O... - Jan22
Thread 3/10: Here we report updated estimates of the scale of the epidemic in
Wuhan, based on an analysis of flight and population data from that city. Our
estimate of the number of cases in Wuhan with symptoms onset by January
18th Is now 4,000.

(SR 7 14 O =

MRC Centre for Global Infectious ...

Follow ) ~
@MRG_Outbreak J

Thread 4/10: The uncertainty range is
1,000-9,700 reflecting the many
continuing unknowns involved in
deriving these estimates. Our central
estimate of 4,000 is more than double
our past estimates, a result of the
increase of the number of cases
detected outside China from 3to 7

3:22 AM - 22 Jan 2020

16 Retweets 33 Likes 1’:@ it 30@0.
Q 2 1 18 QO =

MRC Centre for Global Infectious Disease Analysis @MRC _O... - Jan 22
Thread 5/10: Our estimates should not be interpreted as implying the outbreak
has doubled in size in the period 12th January to 18th January

O 1 nn Q a
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COMMUNICATING UNCERTAINTY

Thread 5/10: Our estimates should not be interpreted as implying the cutbreak

° MRC Centre for Global Infectious Disease Analysis @VRC_O... - Jan22
has doubled in size in the period 12th January to 18th January

Q1 i Q 2r

Follow ) ~
@MRC_Outbreak

° MRC Centre for Global Infectious ...

Thread 6/10: delays in confirming and
reporting exported cases and
incomplete information about dates of
symptom onset together with the still
very small numbers of exported cases
mean we are unable to estimate the
epidemic growth rate at the current
time.

3:22 AM - 22 Jan 2020

1aRewects 29lies H D PBOS R =
Q1 7 14 Q 2
Thread 7/10: Our analysis suggests that the nCoV-19 outbreak has caused

substantially more cases of moderate or severe respiratory illness in Wuhan
than have currently been detected.

° MRC Centre for Global Infectious Disease Analysis @MRC_O... - Jan 22

Q2 0 12 QO 2
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COMMUNICATING UNCERTAINTY

THE SUN, A NEWS UK COMPANY v

Sign in 0

UK Edition ¥  Search Q

< EWS FABULOUS MONEY TECH TRAVEL MOTORS DEARDEIDRE PUZILES VOUCHERS  TOPICS A-Z

All News UK News World News Brexit Politics Opinion Health News

Coronavirus ‘could’ve infected 10,000
already’ amid warning it’s ‘as deadly as Spanish flu - that

killed 50 million’

LATEST

Lizzie Parry | Shaun Wooller
22 Jan 2020, 11:25 | Updated: 22 Jan 2020, 21:43
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COMMUNICATING UNCERTAINTY

Estimated number of coronavirus cases

— Estimates say there may be

closer to 4,000 cases of
coronavirus in Wuhan.

More likely
There are around The likelihood of more
500 confirmed cases. than 8,000 cases is low.
0 2,000 4,000 8,000 10,000
Number of cases
Source: North University's Laboratory for the Modeling of Biologlcal and Socio-technical Systems

NY Times, January 23. 2020
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FINAL REMARKS

Information about uncertainty should:

- Be accessible, comprehensible, usable, and assessable.
- Carefully consider audience, context and framing.

- Use combinations of words, numbers and visuals to
minimise misunderstanding.

- Be communicated with humility about the extent of our
knowledge; demonstrating trustworthiness, rather than
demanding trust.
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