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Once environmental numbers are thrown over 
the disciplinary fence, important caveats tend 
to be ignored, uncertainties compressed and 
numbers used at face value

e.g. Climate Sensitivity, see Van der Sluijs, Wynne, Shackley, 
1998:

1.5-4.5 °C ?!

Crossing the disciplinary boundaries

Resulting 
misconception:

Worst case = 4.5°C
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Complex - uncertain - risks
Typical characteristics:

• Decisions urgent
• Stakes high
• Values in dispute 
• Irreducible & 

unquantifiable uncertainty

• Assessment: models, scenarios, assumptions, extrapolations
• (hidden) value loadings in problem frames, indicators 

chosen, assumptions made

• Knowledge Quality Assessment!
(Funtowicz & Ravetz, 1993)

http://www.uu.nl/wetfilos/wetfil10/sprekers/Funtowicz_Ravetz_Futures_1993.pdf

http://www.uu.nl/wetfilos/wetfil10/sprekers/Funtowicz_Ravetz_Futures_1993.pdf
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How does science-policy 
interface cope with uncertainties

Two strategies dominate:
• Overselling certainty

– to promote political decisions (enforced consensus), or 
• Overemphasising uncertainty

– to prevent political action

• Both promote decision strategies that are not fit for 
meeting the challenges posed by the uncertainties 
and complexities faced. 

• Need for a third voice next to alarmists and skeptics: 
coping with uncertainty, scientific dissent & plurality in 
science for policy.
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A practical problem:

Protecting a strategic 
fresh-water resource

5 scientists addressed 
same question:

“which parts of this area 
are most vulnerable to 
nitrate pollution and 
need to be protected?”

(Refsgaard, Van der Sluijs et al, 
2006)
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3 framings of uncertainty
'deficit view'
• Uncertainty is provisional
• Reduce uncertainty, make ever more complex models
• Tools: quantification, Monte Carlo, Bayesian belief networks

– Speaking truth to power

'evidence evaluation view'
• Comparative evaluations of research results
• Tools: Scientific consensus building; multi disciplinary expert panels
• focus on robust findings

– Speaking [consensus] to power

'complex systems view / post-normal view'
• Uncertainty is intrinsic to complex systems
• Uncertainty can be result of production of knowledge
• Acknowledge that not all uncertainties can be quantified
• Openly deal with deeper dimensions of uncertainty 

(problem framing indeterminacy, ignorance, assumptions, value loadings, 
institutional dimensions) 

• Tools: Knowledge Quality Assessment
– Working deliberatively within imperfections
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How to act upon such uncertainty?
• Bayesian approach: 5 priors. Average and 

update likelihood of each grid-cell being red with 
data (but oooops, there is no data and we need 
decisions now)

• IPCC approach: Lock the 5 consultants up in a 
room and don’t release them before they have 
consensus

• Nihilist approach: Dump the science and decide 
on an other basis

• Precautionary robustness approach: protect all 
grid-cells

• Academic bureaucrat approach: Weigh by 
citation index (or H-index) of consultant.

• Select the consultant that you trust most
• Real life approach: Select the consultant that 

best fits your policy agenda
• Post normal: explore the relevance of our 

ignorance: working deliberatively within 
imperfections
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(IPCC AR1 Policy Makers Summary, 1990) 
http://www.ipcc.ch/ipccreports/far/wg_I/ipcc_far_wg_I_spm.pdf

http://www.ipcc.ch/ipccreports/far/wg_I/ipcc_far_wg_I_spm.pdf
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• "We cannot be certain that this can be 
achieved easily and we do know it will take 
time. Since a fundamentally chaotic climate 
system is predictable only to a certain degree, 
our research achievements will always remain 
uncertain. Exploring the significance and 
characteristics of this uncertainty is a 
fundamental challenge to the scientific 
community." (Bolin, 1994)

Former chairman IPCC on objective to 
reduce climate uncertainties:

[Prof. Bert Bolin, 
15 March 1925 – 30 December 2007]

Bolin B (1994) Ambio 23 (1) 25-29
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IPCC 10 years after “we are confident 
that the uncertainties can be reduced…”

Multiple possible futures &
Multiple possible models

Global CO2 emission from fossil fuels
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(SRES scenarios reported to IPCC (2000) by six different modelling groups)
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Assessment 
report

Range of GCM 
results (°C)

Concluded
Range (°C)

Concluded best 
guess (°C)

NAS 1979 2-3.5 1.5-4.5 3
NAS 1983 2-3.5 1.5-4.5 3
Villach 1985 1.5-5.5 1.5-4.5 3
IPCC AR1 1990 1.9-5.2 1.5-4.5 2.5
IPCC AR2 1995 MME 1.5-4.5 2.5
IPCC AR3 2001 MME 1.5-4.5 Not given
IPCC AR4 2007 MME 2.5-4.5 3
IPCC AR5 2013 MME (0.5-9) 1.5-4.5* Not given

25 years after “we are confident that the uncertainties can be reduced…”

Evolution of knowledge on Climate Sensitivity over past 35 years

*"Likely" (17-83%) range. Prior to AR4 ranges were not clearly defined.
MME = Multi Model Ensemble

(Van der Sluijs e.a. 1998, updated 2014)
http://sss.sagepub.com/content/28/2/291.short

http://sss.sagepub.com/content/28/2/291.short
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IPCC AR5 Chapter 12

Probability density functions, 
distributions and ranges for 
equilibrium climate sensitivity

Grey shaded range: 
likely 1.5°C to 4.5°C range

Grey solid line: 
extremely unlikely less than 1°C

Grey dashed line:
very unlikely greater than 6°C.

http://www.climatechange2013.org/images/report/WG1AR5_Chapter12_FINAL.pdf

http://www.climatechange2013.org/images/report/WG1AR5_Chapter12_FINAL.pdf
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Subjective judgments 
by top 16 climate experts USA

(Morgan & Keith, 1995)

http://dx.doi.org/10.1021/es00010a753

Presenter
Presentation Notes
Subjective estimates of climate sensitivity (source: Morgan and Keith).

http://dx.doi.org/10.1021/es00010a753
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http://www.the-scientist.com/?articles.view/articleNo/42877/title/Climate-Change-Speeds-Extinctions/

http://www.the-scientist.com/?articles.view/articleNo/42877/title/Climate-Change-Speeds-Extinctions/
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Urban, 2015 http://dx.doi.org/10.1126/science.aaa4984Lambers, 2015 http://dx.doi.org/10.1126/science.aab2057

http://dx.doi.org/10.1126/science.aaa4984
http://dx.doi.org/10.1126/science.aab2057
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Urban, 2015 http://dx.doi.org/10.1126/science.aaa4984

http://dx.doi.org/10.1126/science.aaa4984
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Urban, 2015 http://dx.doi.org/10.1126/science.aaa4984

http://dx.doi.org/10.1126/science.aaa4984


Copernicus InstituteNL Environmental Assessment Agency (RIVM/MNP) Guidance: 
Systematic reflection on uncertainty & quality in:
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Uncertainty is 
more than a number

Dimensions of uncertainty:
• Technical (inexactness)
• Methodological (unreliability)
• Epistemological (ignorance)
• Societal (limited social robustness)



Copernicus InstituteReliability intervals normal distributions
± σ = 68 %
± 2σ = 95 %
± 3σ = 99.7 %
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Total NH3 emission in 1995 as reported in successive 
SotE reports
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NUSAP: Qualified Quantities
Classic scientific notational system:
• Numeral Unit Spread 
For problems in the post-normal domain, add two 

qualifiers:
• Assessment & Pedigree

“Assessment”  expresses expert judgement on 
reliability of numeral + spread

“Pedigree” expresses multi-criteria evaluation of the 
strength of a number by looking at:
• Background history by which the number was produced
• Underpinning and scientific status of the number
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Code Proxy Empirical Theoretical basis Method Validation

4 Exact
measure

Large sample
direct mmts

Well established
theory

Best available
practice

Compared with
indep. mmts of
same variable

3 Good fit or
measure

Small sample
direct mmts

Accepted theory
partial in nature

Reliable method
commonly
accepted

Compared with
indep. mmts of
closely related
variable

2 Well
correlated

Modeled/derived
data

Partial theory
limited
consensus on
reliability

Acceptable
method limited
consensus on
reliability

Compared with
mmts not
independent

1 Weak
correlation

Educated guesses
/ rule of thumb
est

Preliminary
theory

Preliminary
methods
unknown
reliability

Weak / indirect
validation

0 Not clearly
related

Crude
speculation

Crude
speculation

No discernible
rigour

No validation

Example Pedigree matrix parameter strength
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Example: Air Quality

http://dx.doi.org/10.1088/1748-9326/3/2/024008

http://dx.doi.org/10.1088/1748-9326/3/2/024008
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2004
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Extinction risk from climate 
change

(Thomas et al., Nature, 8 January 2004)

Main message of this paper:

• In 2050, 15-37% of species 
‘committed to extinction’ due to 
climate change for a mid-range 
climate scenario
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Extinction risks from 
climate change

Species-Area relationship:
• numbers of species that become extinct 

or threatened by habitat loss from 
climate change 

S = c A z
S = number of species
A = area, 
c = constant
z ≈ 0.25
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Ratio of number of species that 
can live in a habitat of area A

before (0) and after (t) climate 
change ‘predicts’ extinction rate:

St           c At
z    

____________      =  ________________ = (At /A0)
z

S0 c A0
z
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Species committed to 
extinction

Climate scenario 
2050 

universal 
dispersal

no dispersal

> 2.0 °C 21–32% 38–52%

1.8–2.0 °C 15–20% 26–37%

0.8–1.7 °C 9–13% 22–31%

(Thomas et al., 2004)
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Rule of thumb

Warming rate 1°C / century 
corresponds to:

• ± 20 cm sea level rise
• ± 100 km shift of climate zone / 

century
• ± 150 m upward shift alpine 

climate zone/century
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Climate tolerances of 
ecosystems

Ecosystem Climate tolerance 
(°C/century)

Alpine ecosystem
Oak forest
Mangrove forest
Coastal wetlands
Coral reefs equator
Coral reefs N/S 
borders

0
0.12
0.50
0.75

1
5

(Hinkley, 1997)
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Habitat before 

Climate Change

Habitat after 

Climate Change
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Habitat before 

Climate Change

Habitat after 

Climate Change

Assumption: No dispersal
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Habitat before 

Climate Change

Habitat after 

Climate Change

Assumption: Full dispersal
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Pedigree matrix for evaluating models
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