
Values	in	Worst-Case	Scenarios	

Per	Wikman-Svahn,	Ph.D.	

Researcher,	Department	of	Philosophy	and	History	

Royal	InsAtute	of	Technology	KTH,	Stockholm	



Background	

•  IniAal	phase	of	a	2-year	research	project	on	
values	in	worst	case	scenarios.	

•  Research	grant	(post-doc)	funded	by	the	
Swedish	Civil	ConAngencies	Agency	MSB.	

•  Based	on	own	experience	on	assessing	worst	
case	scenarios,	especially	for	climate	change	

adaptaAon	and	impact	assessments.	



What	is	a	“worst	case	scenario”?	

1.	Informal	use	of	the	term:	

”the	most	unpleasant	or	serious	thing	that	could	

happen	in	a	situaAon”	(Cambridge	DicAonary)	

	

•  Such	worst-case	scenarios	are	typically	very	
vague	and	highly	value-laden.	

•  E.g.	one	expert’s	worst	case	scenario	could	
differ	a	lot	from	another’s.	



What	is	a	“worst	case	scenario”	(2)	

2.	Technical	use	of	the	term:	

– “Credible	worst-case”,	“plausible	worst-case”,	
“pracAcal	worst-case”,	”plausible	upper-

bounds”	(Paté	Cornell	1996,	p	100).	

	

•  Also,	very	value-laded	concept		
– Why	“credible”,	“plausible”	or	“pracAcal”?	



My	interest	here:	the	role	of	values	in	

assessing	and	managing	extreme	
outcomes	

	

•  Not	only	worst-case	scenarios,	but	the	general	
realm	of	very	bad	outcomes.	

My	interest:	

1.  ScienAfic	assessments	of	extreme	outcomes	

2.  Decision-making	for	managing	the	risks	of	

extreme	outcomes	



2.	CASE	STUDY:	ASSESSMENTS	OF	
FUTURE	SEA	LEVEL	RISE	BY	2100?	
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IPCC	2007	sea	level	projecAons	

“The	sea	level	projecAons	do	not	include	

uncertainAes	in	climate-carbon	cycle	feedbacks	

nor	do	they	include	the	full	effects	of	changes	in	

ice	sheet	flow.”	(IPCC	2007,	p	46).	

IPCC	2007,	Table	3.1	



And	how	was	this	interpreted	in	

pracAce?	

Examples	from	Sweden:	

•  Swedish	Meterological	and	Hydrological	

InsAtute	(SMHI	2007):	0.18-0.59	m	

•  County	AdministraAve	Boards:	0.18-0.59	m	

(Länsstyrelserna	i	Skåne	och	Blekinge	län	

2008)	

•  	Municipality	Kävlinge:	0.6	m	(planning	

document)	

von	Oelreich,	J.,	Carlsson-Kanyama,	A.,	Svenfelt,	Å.,	&	Wikman-Svahn,	P.	(2013).	Planning	for	

future	sea-level	rise	in	Swedish	municipaliAes.	Local	Environment,	1–15.	



IPCC	2013	sea	level	projecAons	

SLR	ranges	are	“likely”	with	“medium	confidence”	
	

	

	

IPCC	(2013)	AR5	WGI	SPM	

 Summary for Policymakers
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• The high latitudes and the equatorial Pacific Ocean are likely to experience an increase in annual mean precipitation by 
the end of this century under the RCP8.5 scenario. In many mid-latitude and subtropical dry regions, mean precipitation 
will likely decrease, while in many mid-latitude wet regions, mean precipitation will likely increase by the end of this 
century under the RCP8.5 scenario (see Figure SPM.8). {7.6, 12.4, 14.3}

• Extreme precipitation events over most of the mid-latitude land masses and over wet tropical regions will very likely 
become more intense and more frequent by the end of this century, as global mean surface temperature increases (see 
Table SPM.1). {7.6, 12.4}

• Globally, it is likely that the area encompassed by monsoon systems will increase over the 21st century. While monsoon 
winds are likely to weaken, monsoon precipitation is likely to intensify due to the increase in atmospheric moisture. 
Monsoon onset dates are likely to become earlier or not to change much. Monsoon retreat dates will likely be delayed, 
resulting in lengthening of the monsoon season in many regions. {14.2}

• There is high confidence that the El Niño-Southern Oscillation (ENSO) will remain the dominant mode of interannual 
variability in the tropical Pacific, with global effects in the 21st century. Due to the increase in moisture availability, ENSO-
related precipitation variability on regional scales will likely intensify. Natural variations of the amplitude and spatial 
pattern of ENSO are large and thus confidence in any specific projected change in ENSO and related regional phenomena 
for the 21st century remains low. {5.4, 14.4}

Table SPM.2 |  Projected change in global mean surface air temperature and global mean sea level rise for the mid- and late 21st century relative to the 
reference period of 1986–2005. {12.4; Table 12.2, Table 13.5}

2046–2065 2081–2100

Scenario Mean Likely rangec Mean Likely rangec

Global Mean Surface 
Temperature Change (°C)a

RCP2.6 1.0 0.4 to 1.6 1.0 0.3 to 1.7

RCP4.5 1.4 0.9 to 2.0 1.8 1.1 to 2.6

RCP6.0 1.3 0.8 to 1.8 2.2 1.4 to 3.1

RCP8.5 2.0 1.4 to 2.6 3.7 2.6 to 4.8

Scenario Mean Likely ranged Mean Likely ranged

Global Mean Sea Level 
Rise (m)b

RCP2.6 0.24 0.17 to 0.32 0.40 0.26 to 0.55

RCP4.5 0.26 0.19 to 0.33 0.47 0.32 to 0.63

RCP6.0 0.25 0.18 to 0.32 0.48 0.33 to 0.63

RCP8.5 0.30 0.22 to 0.38 0.63 0.45 to 0.82

Notes:
a Based on the CMIP5 ensemble; anomalies calculated with respect to 1986–2005. Using HadCRUT4 and its uncertainty estimate (5−95% confidence interval), the 

observed warming to the reference period 1986−2005 is 0.61 [0.55 to 0.67] °C from 1850−1900, and 0.11 [0.09 to 0.13] °C from 1980−1999, the reference period 
for projections used in AR4. Likely ranges have not been assessed here with respect to earlier reference periods because methods are not generally available in the 
literature for combining the uncertainties in models and observations. Adding projected and observed changes does not account for potential effects of model biases 
compared to observations, and for natural internal variability during the observational reference period {2.4; 11.2; Tables 12.2 and 12.3}

b Based on 21 CMIP5 models; anomalies calculated with respect to 1986–2005. Where CMIP5 results were not available for a particular AOGCM and scenario, they 
were estimated as explained in Chapter 13, Table 13.5. The contributions from ice sheet rapid dynamical change and anthropogenic land water storage are treated as 
having uniform probability distributions, and as largely independent of scenario. This treatment does not imply that the contributions concerned will not depend on the 
scenario followed, only that the current state of knowledge does not permit a quantitative assessment of the dependence. Based on current understanding, only the 
collapse of marine-based sectors of the Antarctic ice sheet, if initiated, could cause global mean sea level to rise substantially above the likely range during the 21st 
century. There is medium confidence that this additional contribution would not exceed several tenths of a meter of sea level rise during the 21st century.

c Calculated from projections as 5−95% model ranges. These ranges are then assessed to be likely ranges after accounting for additional uncertainties or different levels 
of confidence in models. For projections of global mean surface temperature change in 2046−2065 confidence is medium, because the relative importance of natural 
internal variability, and uncertainty in non-greenhouse gas forcing and response, are larger than for 2081−2100. The likely ranges for 2046−2065 do not take into 
account the possible influence of factors that lead to the assessed range for near-term (2016−2035) global mean surface temperature change that is lower than the 
5−95% model range, because the influence of these factors on longer term projections has not been quantified due to insufficient scientific understanding. {11.3}

d Calculated from projections as 5−95% model ranges. These ranges are then assessed to be likely ranges after accounting for additional uncertainties or different levels 
of confidence in models. For projections of global mean sea level rise confidence is medium for both time horizons.



How	was	this	interpreted?	

The	authors	of	the	IPCC	sea	level	chapter	had	to	

clarifiy	what	they	meant	in	a	leker	published	in	
Science:	
•  “The	upper	boundary	of	the	AR5	“likely”	range	
should	not	be	misconstrued	as	a	worst-case	

upper	limit,	as	was	done	in	Kerr’s	story	as	well	as	

elsewhere	in	the	media	and	

blogosphere.”	(Church	et	al.	2013b,	p	1445).	

•  “roughly	a	one-third	probability	that	sea-level	
rise	by	2100	may	lie	outside	the	‘likely’	

range”	(Church	et	al.	2013b,	p	1445).	



What	can	we	learn	from	this?	

•  IPCC	assesses	&	communicates	only	a	limited	

number	of	outcomes.		

•  IPCC	essenAally	silent	on	“worst-case	
scenarios”.	

•  Media,	naAonal	reviews,	and	local	decision-

makers	in	many	cases	just	take	the	IPCC	

numbers	at	face	value.	



How	to	communicate	knowledge	is	a	

choice,	which	reflects	values	

	

Other	choices	could	have	been	

made.	IPCC	could	perhaps	have	said	

the	following	of	the	global	mean	sea	

level	rise	by	year	2100:	

•  “It	will	be	less	than	80	meters.”	

•  “it	is	virtually	certain	to	be	less	
than	20	meters	(high	

confidence)”?	

•  “it	is	very	likely	to	be	less	than	2	
meters”?	

•  “it	is	about	as	likely	as	not	to	be	
more	than	0.5	meters”		

• For findings with low agreement and limited evidence,
assign summary terms for your evaluation of evidence
and agreement.

• In any of these cases, the degree of certainty in findings
that are conditional on other findings should be evaluated
and reported separately.

9) A level of confidence is expressed using five qualifiers:
“very low,” “low,” “medium,” “high,” and “very high.” It
synthesizes the author teams’ judgments about the validity
of findings as determined through evaluation of evidence
and agreement. Figure 1 depicts summary statements
for evidence and agreement and their relationship to
confidence. There is flexibility in this relationship; for a given
evidence and agreement statement, different confidence
levels could be assigned, but increasing levels of evidence
and degrees of agreement are correlated with increasing
confidence. Confidence cannot necessarily be assigned for
all combinations of evidence and agreement in Figure 1
(see Paragraph 8). Presentation of findings with “low”
and “very low” confidence should be reserved for areas
of major concern, and the reasons for their presentation
should be carefully explained. Confidence should not
be interpreted probabilistically, and it is distinct from
“statistical confidence.” Additionally, a finding that includes
a probabilistic measure of uncertainty does not require
explicit mention of the level of confidence associated with
that finding if the level of confidence is “high” or “very
high.” 

10) Likelihood, as defined in Table 1, provides calibrated
language for describing quantified uncertainty. It can be
used to express a probabilistic estimate of the occurrence
of a single event or of an outcome (e.g., a climate parameter,
observed trend, or projected change lying in a given

range). Likelihood may be based on statistical or modeling
analyses, elicitation of expert views, or other quantitative
analyses. The categories defined in this table can be
considered to have “fuzzy” boundaries. A statement that
an outcome is “likely” means that the probability of this
outcome can range from ≥66% (fuzzy boundaries implied)
to 100% probability. This implies that all alternative
outcomes are “unlikely” (0-33% probability). When there
is sufficient information, it is preferable to specify the full
probability distribution or a probability range (e.g., 90-
95%) without using the terms in Table 1. “About as likely
as not” should not be used to express a lack of knowledge
(see Paragraph 8 for that situation). Additionally, there is
evidence that readers may adjust their interpretation of
this likelihood language according to the magnitude of
perceived potential consequences.11

11) Characterize key findings regarding a variable (e.g., a
measured, simulated, or derived quantity or its change)
using calibrated uncertainty language that conveys the
most information to the reader, based on the criteria (A-F)
below.12 These criteria provide guidance for selecting
among different alternatives for presenting uncertainty,
recognizing that in all cases it is important to include a
traceable account of relevant evidence and agreement in
your chapter text.

A) A variable is ambiguous, or the processes determining
it are poorly known or not amenable to measurement:
Confidence should not be assigned; assign summary
terms for evidence and agreement (see Paragraph 8).
Explain the governing factors, key indicators, and

3

ipcc guidance note
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Figure 1: A depiction of evidence and agreement statements and their relationship to
confidence. Confidence increases towards the top-right corner as suggested by the
increasing strength of shading. Generally, evidence is most robust when there are multiple,
consistent independent lines of high-quality evidence.

Table 1. Likelihood Scale

Term* Likelihood of the Outcome

Virtually certain 99-100% probability

Very likely 90-100% probability

Likely 66-100% probability

About as likely as not 33 to 66% probability

Unlikely 0-33% probability

Very unlikely 0-10% probability

Exceptionally unlikely 0-1% probability

* Additional terms that were used in limited circumstances in the AR4 (extremely likely –
95-100% probability, more likely than not – >50-100% probability, and extremely
unlikely – 0-5% probability) may also be used in the AR5 when appropriate.

Guidance	Note	for	Lead	Authors	of	the	IPCC	FiEh	
Assessment	Report	on	Consistent	Treatment	of	
UncertainIes.		



PracAcal	problem	for	the	value-free	

ideal	of	science	

•  The	Bayesian	response	to	the	challenge	from	

inducAve	risk	(Jeffrey	1956)	does	not	work	in	

pracAce,	as	hearers	may	foreseeable	interpret	

statements,	which	introduces	moral	

responsibility	(a	point	made	by	many).	



3.	THE	MODEL	



A	model	of	the	informaAon	flow	in	

science	for	policy	
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Fig. 3. Our third and final approximation of
the information flow in the process in which
science is used as a base for decision making
on risks.

But it does not end there. In social practice, risk
issues are often connected with—or rather parts of—
other issues. Decision making on vaccination has to
be based not only on information about risks but also
on the costs of a vaccination campaign, its chances
of achieving sufficient coverage, the severity of the
disease in different strata of the population, alterna-
tive uses of the same resources, etc. Similarly, de-
cision making on traffic safety has to be integrated
with decision making on traffic planning as a whole,
including issues such as travel time, accessibility,
environmental impact, costs, etc. Although it is
common in risk analysis to treat risk issues as
separate from other issues in the same social sec-
tor, actual decision making usually has to cover a
larger group of concerns than those that are treated
in risk analysis. Therefore, even after the risk eval-
uation, decisionmakers need to combine the risk in-
formation they have received with information from
other sources and on other topics. In Fig. 3, we re-
fer to this as the decisionmaker’s review and judg-
ment. It goes clearly beyond the scientific field and
will cover value-based considerations of different
types. It may also include policy-related considera-
tions on risk and safety that were not covered in
the expert review. Just like the expert’s review, it is
based on a combination of factual and value-based
considerations.

It is stressed that Fig. 3 is a model, a simplifica-
tion of the real world (the same is even more true
about Figs. 1 and 2). The arrows represent the ma-
jor flows of decision-guiding information. Obviously,
there are also other communications taking place,
for instance, questions from decisionmakers to scien-
tists and feedbacks from risk assessors to scientists
producing risk-relevant data. We have chosen not
to complicate the model by including these types of
communication. For some detailed discussions of the
links between decision making and risk assessment,
see Refs. 5, 6, 23, and 24.

3.3. Two Major Types of Risk Studies
The content of risk analysis can be inventoried

by reviewing different types of papers published in
the pertinent scientific journals. Based on the dis-
cussion by Aven and Zio(25) on the foundations of
risk assessment and risk management, we can de-
fine risk analysis as comprising (i) knowledge about
risk-related phenomena, processes, events, etc., and
(ii) concepts, theories, frameworks, approaches, prin-
ciples, methods, and models to understand, assess,
characterize, communicate, and (in a wide sense)
manage risk, in general and for specific applications.
This provides us with a division of risk studies into
two major categories. One of these consists of pa-
pers aiming at knowledge about risk-related phe-
nomena, processes, events, etc., for example, the con-
sequences of using a specific drug in a medical con-
text, the damages to the environment of an oil spill
in a specific type of coastal area, etc. Such knowledge
is usually obtained by combining insights from dif-
ferent disciplines, for example, medicine and biology,
with various formal modeling approaches, most com-
monly traditional statistical analysis involving hy-
pothesis testing or Bayesian analysis. These studies
are mostly concerned with issues arising in the pro-
cesses represented by the two left-most rectangles in
Fig. 3.

Another main category of papers is related to the
development and analysis of new specific concepts,
theories, frameworks, approaches, principles, meth-
ods, and models for the understanding, assessment,
characterization, communication, management, and
governance of risk, in short: instruments for assessing
and managing risk. Consider, for example, the devel-
opment of an appropriate risk concept. During the
last 30 years, we have seen a number of suggestions
on how to define and understand this concept, but
the area still struggles to establish consensus.(26,27)

Another example is the development of suitable risk
analysis methods to reflect human and organizational

Hansson	&	Aven	(2014)	



•  Examples:		

–  Individual	studies	published	in	scienAfic	journals.	
•  Values	influence	for	worst-case	scenarios:	

1.  Research	quesAons	asked	

2.  Types	of	methods,	models	used.	

3.  Exploring	full	uncertainty	range	in	parameters.	

4.  Communicate	uncertainty.	

•  Bias	against	publishing	on	worst-case	scenarios?	
–  ”Erring	on	the	side	of	the	least	drama”	(Brysse	et	al	

2012).	

–  ”	ScienAfic	reAcence	and	sea	level	rise”	(Hansen	2007)	
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range from 26.8 km/year to 125 km/year, de-
pending on the scenario considered [Table 2 and
supporting online material (SOM)]. These veloc-
ities must be achieved immediately on all outlets
considered and held at that level until 2100.
Delays in the onset of rapid motion increase the
required velocity further (fig. S1).

The scenario velocities far exceed the fastest
motion exhibited by anyGreenland outlet glacier.
For example, the near-doubling of ice discharge
from Jakobshavn Glacier in 2004–2005 was
associated with an acceleration to 12.6 km/year
(7). Similarly, a temporary 80% increase in the
speed near the terminus of Kangerdlugssuaq
produced a velocity of 14.6 km/year (6). A com-
parison of calculated (Table 2) and observed
(1.23 km/year) average velocities shows that cal-
culated values for a 2-m SLR exceed observa-
tions by a factor of 22 when considering all gates
and inflated SMB and by a factor of 40 for the
marine gates without inflated SMB, which we
consider to be the more likely scenario. With the
exception of discharge through all gates at in-
flated SMB (26.8 km/year), none of the velocity
magnitudes shown in Table 2 has ever been
observed anywhere, even over short time periods.
The highest observed velocities have occurred at
surging glaciers, including circa (ca.) 70 m/day
(25.5 km/year) at VariegatedGlacier (17) and 105
m/day (38.3 km/year) at Medvezhiy Glacier (18),
but were held only for brief periods (hours to
days). Although no physical proof is offered that
the velocities given in Table 2 cannot be reached
or maintained over century time scales, such be-
havior lies far beyond the range of observations
and at the least should not be adopted as a central
working hypothesis.

Calculations are made only for Greenland
because Greenland’s outlet glaciers are well
constrained by bed topography, which (despite the

uncertainties mentioned) is well known in com-
parison to much of the Antarctic Ice Sheet and
the Antarctic Peninsula and virtually all of the
marine-terminating glaciers and ice caps (GIC)
exclusive of Greenland and Antarctica. In order
to estimate how these constraints influence pro-
jections of total SLR to 2100, we calculated a
zero-order range of eustatic SLR from all land ice
sources. Because marine-grounded channels are
not well defined in many other locations, we made
approximations and scaling arguments to arrive
at a range of values for total eustatic SLR and,
including reasonable projections of steric SLR, a
range of estimates of total SLR to 2100.

Most of the marine-based ice in West Ant-
arctica is held behind the Ross and Filchner-
Ronne ice shelves, which we consider unlikely to
be removed by climate or oceanographic pro-
cesses within the next century [e.g., (19)]. The
Amundson Coast basin [including Pine Island
Glacier (PIG) and Thwaites Glacier], however, is
not confined by large ice shelves and contains
about 1.5 m sea level equivalent (5.43 × 105 Gt)
(20). The aggregate cross-sectional gate area of
PIG and Thwaites Glacier is ca. 120 km2 (20).
The average velocity in this region is 2 km/year
(table S2), higher than the average velocity of all
Antarctic ice streams [0.65 km/year (19)]. An
average (present day to 2100) velocity of 53.6
km/year is required to discharge 1.5 m sea-level
equivalent through the PIG and Thwaites glacier
gates by 2100, again far greater than any ob-
served glacier velocity.

We present three scenarios by combining likely
projectionmethods thatwe believe roughly bracket
the range of potential near-future SLR outcomes
(SOM). These are not true limiting cases but give a
good sense of the potential variability of total SLR
due to dynamic discharge effects.

SLR scenario Low 1 represents a low-range
estimate based on specific adjustments to dy-
namic discharge in certain potentially vulnerable
areas. We assumed a doubling of outlet glacier
velocities in Greenland and PIG/Thwaites within
the first decade and no change from present-day
discharge values at Lambert/Amery. SMB for
Greenland, the Antarctic Peninsula, and GIC was
accelerated at present-day rates of SMB change,
and, lacking more directly applicable constraints,
dynamic discharge for the Antarctic Peninsula
and GIC was calculated by scaling dynamic dis-
charge to SMB by using the ratio of 1.31 as
computed for Greenland (SOM). The net result,
including thermal expansion, is 785 mm by 2100
(Table 3).

A second low-range scenario (Low 2) shows
the effect of varying our assumptions; for this, we
simply integrated presently observed rates of
change forward in time.We calculated Greenland’s
contribution as for Low 1 but accelerated the
present-day net discharge forAntarctica (East/West/
Antarctic Peninsula) forward at the present-day rate
of change given by (19). The GIC contribution was
also calculated by accelerating the present-day net
discharge at the current rate of change, with values

from (15). The net result, including thermal expan-
sion, is 833 mm by 2100 (Table 3).

SLR scenario High 1 combines all eustatic
sources taken at high but reasonable values. No
firm highest possible value can be determined
for SMB or dynamics; the values chosen repre-
sent judged upper limits of likely behavior on the
century time scale. Greenland SMB was accel-
erated at present-day rates of change, but dy-
namic discharge was calculated by accelerating
outlet glacier velocities by an order of magnitude
in the first decade. In Antarctica, PIG/Thwaites
was accelerated from present-day net discharge
(19) in the first decade and held thereafter to the
highest outlet glacier velocity observed anywhere
[14.6 km/year (6)], and Lambert/Amery was ac-
celerated from present-day net discharge (19) in
the first decade by an order of magnitude and
held thereafter. Antarctic Peninsula and GIC
were calculated by scaling dynamic discharge at
the dynamics-to-SMB ratio computed for Green-
land; this ratio is larger (6.42) than in case Low 1
because Greenland’s dynamic discharge is larger.
The net result, including thermal expansion, is
2008 mm by 2100 (Table 3).

On the basis of calculations presented here,
we suggest that an improved estimate of the range
of SLR to 2100 including increased ice dynamics
lies between 0.8 and 2.0 m. We emphasize that
assumptions made to arrive here contain sub-
stantial uncertainties, and many other scenarios
and combinations of contributions could be con-
sidered. However, the net eustatic SLR from other
combinations explored fell within the range given
in Table 3. Hence, these values give a context and
starting point for refinements in SLR forecasts on
the basis of clearly defined assumptions and offer
a more plausible range of estimates than those
neglecting the dominant ice dynamics term. Cer-
tain potentially significant sinks and sources of
SLR, such as terrestrial water storage, are still
absent altogether. Among the uncertainties ex-
plored, the potential for dynamic response from
GIC is comparable in magnitude to dynamic re-
sponse from Greenland or Antarctica but is excep-
tionally poorly constrained by basic observations.
Without better knowledge of the number, size,
and catchment areas of marine-based outlet gla-
ciers in the GIC category, improvements on the
estimates made here will be very difficult.
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Table 3. SLR projections based on kinematic sce-
narios. Thermal expansion numbers are from (22).

SLR equivalent (mm)
Low 1 Low 2 High 1

Greenland
Dynamics 93 93 467
SMB 71 71 71
Greenland total 165 165 538

Antarctica
PIG/Thwaites dynamics 108 394
Lambert/Amery dynamics 16 158
Antarctic Peninsula
dynamics

12 59

SMB 10 10
Antarctica total 146 128 619

Glaciers/ice caps
Dynamics 94 471
SMB 80 80
GIC total 174 240 551
Thermal expansion 300 300 300

Total SLR to 2100 785 833 2008
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•  “conclude	that	
increases	in	excess	of	2	

meters	are	physically	

untenable.”	(p		1340)	

Pfeffer,	W.	T.,	Harper,	J.	T.,	&	O’Neel,	S.	(2008).	KinemaAc	constraints	on	glacier	contribuAons	to	

21st-century	sea-level	rise.	Science	(New	York,	N.Y.),	321(5894),	1340–3.		



range based only on the CS sampling. This result provides an important cross-check on the
CS prior probability density function used in our sampling, in that instrument-based records
of ocean heat content and thermosteric SLR generally yield similar ranges of CS for the
UVic model. This consistency reflects the close relationship between ocean heat content and
thermosteric SLR and supports the robustness of the observational constraints used in our
data-model comparisons.

The upper bound of our projected thermosteric SLR in 2100 is around 0.55 m, nearly
twice the projected thermosteric contribution of 0.3 m used in Pfeffer et al. (2008) that
neglects uncertainty about thermosteric SLR. The range is roughly comparable with the
likely range of projected thermosteric SLR published in the IPCC’s Fourth Assessment
Report (Meehl et al. 2007), though our upper bound is around 10 cm larger (Fig. 2). Direct
comparison of SLR ranges is challenging due to the mixture of parametric uncertainties,
shown here using the UVic model, and structural uncertainties arising from the inter-model
comparison of the IPCC’s Fourth Assessment.

As a useful starting point of how thermosteric uncertainties affects the upper bound of
SLR projections, we use he high SLR scenario of 2 m by Pfeffer et al. (2008) as the
foundation of our analysis. Our result shows that this upper bound would need to be
increased from 2 to 2.25 m when considering thermosteric uncertainties. While this change
in the upper bound is relatively modest (~12.5 % increase), the underestimation of uncer-
tainty (or overconfidence) has considerable implications for flooding risk projections and the
design of risk-management strategies.

Projected SLR has become an important factor in assessments of future flooding-risk as
well as risk-management strategies (Yohe et al. 1996; Purvis et al. 2008; Lempert et al.
2012). The plausible upper limit of SLR plays an important role in these assessments in at

Fig. 2 Hindcasts and projections of global thermosteric sea level rise (SLR) derived from the climate model
ensemble. a Comparison between estimated thermosteric SLR (in centimeters) from observations (Domingues
et al. 2008) (black line) referenced over the data period, and the modeled range for the uppermost 700 m. Gray
shading represents the full ensemble range. Blue shading indicates the calibrated range, which excludes
ensemble members with climate sensitivities outside the 99 % range of our prior distribution (Fig. 1). We
apply an additional constraint that restricts the ensemble to members that are, on average, positioned within
two standard deviations error for the observed time series (dashed black lines). b Time series of the modeled
global average thermosteric SLR integrated over the full ocean. Gray and blue shading is consistent with Fig.
2a. The black vertical bar represents the IPCC range of thermosteric SLR projections for the A1FI scenario
(Meehl et al. 2007, Table 10.7), and the red horizontal line denotes the thermosteric component in Pfeffer et al.
(2008). c Mapping between 2100 thermosteric SLR for the upper and full ocean for all ensemble members.
Shading is consistent with Fig. 2a and b. The black solid line marks a linear regression for the windowed
ensemble members (blue circles), and the black dotted line denotes the one-to-one ratio

898 Climatic Change (2012) 115:893–902

Thermal	expansion	from	Pfeffer	et	al	2008	

30	cm	

IPCC	2007	

Max	45	cm	

Sriver	et	al	2012	

Max	55	cm	

Sriver	et	al	2011:	Max	225	cm	

Sriver,	R.	L.,	Urban,	N.	M.,	Olson,	R.,	&	Keller,	K.	(2012).	Toward	a	physically	plausible	upper	

bound	of	sea-level	rise	projecAons.	ClimaAc	Change,	115(3–4),	893–902	



•  Examples:		

– General	assessments	(e.g.	IPCC),	Meta-studies	

(e.g.	Review	papers),	Textbooks	

•  Values	influence	for	worst-case	scenarios:	
1.  When	reviewing	the	literature.	

2.  Communicate	uncertainty.	

•  Even	stronger	bias	against	worst-case	
scenarios? 		
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Fig. 3. Our third and final approximation of
the information flow in the process in which
science is used as a base for decision making
on risks.

But it does not end there. In social practice, risk
issues are often connected with—or rather parts of—
other issues. Decision making on vaccination has to
be based not only on information about risks but also
on the costs of a vaccination campaign, its chances
of achieving sufficient coverage, the severity of the
disease in different strata of the population, alterna-
tive uses of the same resources, etc. Similarly, de-
cision making on traffic safety has to be integrated
with decision making on traffic planning as a whole,
including issues such as travel time, accessibility,
environmental impact, costs, etc. Although it is
common in risk analysis to treat risk issues as
separate from other issues in the same social sec-
tor, actual decision making usually has to cover a
larger group of concerns than those that are treated
in risk analysis. Therefore, even after the risk eval-
uation, decisionmakers need to combine the risk in-
formation they have received with information from
other sources and on other topics. In Fig. 3, we re-
fer to this as the decisionmaker’s review and judg-
ment. It goes clearly beyond the scientific field and
will cover value-based considerations of different
types. It may also include policy-related considera-
tions on risk and safety that were not covered in
the expert review. Just like the expert’s review, it is
based on a combination of factual and value-based
considerations.

It is stressed that Fig. 3 is a model, a simplifica-
tion of the real world (the same is even more true
about Figs. 1 and 2). The arrows represent the ma-
jor flows of decision-guiding information. Obviously,
there are also other communications taking place,
for instance, questions from decisionmakers to scien-
tists and feedbacks from risk assessors to scientists
producing risk-relevant data. We have chosen not
to complicate the model by including these types of
communication. For some detailed discussions of the
links between decision making and risk assessment,
see Refs. 5, 6, 23, and 24.

3.3. Two Major Types of Risk Studies
The content of risk analysis can be inventoried

by reviewing different types of papers published in
the pertinent scientific journals. Based on the dis-
cussion by Aven and Zio(25) on the foundations of
risk assessment and risk management, we can de-
fine risk analysis as comprising (i) knowledge about
risk-related phenomena, processes, events, etc., and
(ii) concepts, theories, frameworks, approaches, prin-
ciples, methods, and models to understand, assess,
characterize, communicate, and (in a wide sense)
manage risk, in general and for specific applications.
This provides us with a division of risk studies into
two major categories. One of these consists of pa-
pers aiming at knowledge about risk-related phe-
nomena, processes, events, etc., for example, the con-
sequences of using a specific drug in a medical con-
text, the damages to the environment of an oil spill
in a specific type of coastal area, etc. Such knowledge
is usually obtained by combining insights from dif-
ferent disciplines, for example, medicine and biology,
with various formal modeling approaches, most com-
monly traditional statistical analysis involving hy-
pothesis testing or Bayesian analysis. These studies
are mostly concerned with issues arising in the pro-
cesses represented by the two left-most rectangles in
Fig. 3.

Another main category of papers is related to the
development and analysis of new specific concepts,
theories, frameworks, approaches, principles, meth-
ods, and models for the understanding, assessment,
characterization, communication, management, and
governance of risk, in short: instruments for assessing
and managing risk. Consider, for example, the devel-
opment of an appropriate risk concept. During the
last 30 years, we have seen a number of suggestions
on how to define and understand this concept, but
the area still struggles to establish consensus.(26,27)

Another example is the development of suitable risk
analysis methods to reflect human and organizational



•  Examples:		

– NaAonal	governmental	climate	assessments,	

Regional/local	governmental	climate	assessments,	

Private	company	assessments		

•  Values	influence	for	worst-case	scenarios:	
1.  ”This	evaluaAon	has	to	take	the	values	of	the	

decisionmakers	into	account”	(Hansson	&	Aven,	

p	1177).			

2.  But	risk	that	experts	use	values	they	have	learnt	
from	working	in	Box	1?	
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Fig. 3. Our third and final approximation of
the information flow in the process in which
science is used as a base for decision making
on risks.

But it does not end there. In social practice, risk
issues are often connected with—or rather parts of—
other issues. Decision making on vaccination has to
be based not only on information about risks but also
on the costs of a vaccination campaign, its chances
of achieving sufficient coverage, the severity of the
disease in different strata of the population, alterna-
tive uses of the same resources, etc. Similarly, de-
cision making on traffic safety has to be integrated
with decision making on traffic planning as a whole,
including issues such as travel time, accessibility,
environmental impact, costs, etc. Although it is
common in risk analysis to treat risk issues as
separate from other issues in the same social sec-
tor, actual decision making usually has to cover a
larger group of concerns than those that are treated
in risk analysis. Therefore, even after the risk eval-
uation, decisionmakers need to combine the risk in-
formation they have received with information from
other sources and on other topics. In Fig. 3, we re-
fer to this as the decisionmaker’s review and judg-
ment. It goes clearly beyond the scientific field and
will cover value-based considerations of different
types. It may also include policy-related considera-
tions on risk and safety that were not covered in
the expert review. Just like the expert’s review, it is
based on a combination of factual and value-based
considerations.

It is stressed that Fig. 3 is a model, a simplifica-
tion of the real world (the same is even more true
about Figs. 1 and 2). The arrows represent the ma-
jor flows of decision-guiding information. Obviously,
there are also other communications taking place,
for instance, questions from decisionmakers to scien-
tists and feedbacks from risk assessors to scientists
producing risk-relevant data. We have chosen not
to complicate the model by including these types of
communication. For some detailed discussions of the
links between decision making and risk assessment,
see Refs. 5, 6, 23, and 24.

3.3. Two Major Types of Risk Studies
The content of risk analysis can be inventoried

by reviewing different types of papers published in
the pertinent scientific journals. Based on the dis-
cussion by Aven and Zio(25) on the foundations of
risk assessment and risk management, we can de-
fine risk analysis as comprising (i) knowledge about
risk-related phenomena, processes, events, etc., and
(ii) concepts, theories, frameworks, approaches, prin-
ciples, methods, and models to understand, assess,
characterize, communicate, and (in a wide sense)
manage risk, in general and for specific applications.
This provides us with a division of risk studies into
two major categories. One of these consists of pa-
pers aiming at knowledge about risk-related phe-
nomena, processes, events, etc., for example, the con-
sequences of using a specific drug in a medical con-
text, the damages to the environment of an oil spill
in a specific type of coastal area, etc. Such knowledge
is usually obtained by combining insights from dif-
ferent disciplines, for example, medicine and biology,
with various formal modeling approaches, most com-
monly traditional statistical analysis involving hy-
pothesis testing or Bayesian analysis. These studies
are mostly concerned with issues arising in the pro-
cesses represented by the two left-most rectangles in
Fig. 3.

Another main category of papers is related to the
development and analysis of new specific concepts,
theories, frameworks, approaches, principles, meth-
ods, and models for the understanding, assessment,
characterization, communication, management, and
governance of risk, in short: instruments for assessing
and managing risk. Consider, for example, the devel-
opment of an appropriate risk concept. During the
last 30 years, we have seen a number of suggestions
on how to define and understand this concept, but
the area still struggles to establish consensus.(26,27)

Another example is the development of suitable risk
analysis methods to reflect human and organizational



•  Examples:		

– Deciding	on	building	a	railway	tunnel,	naAonal	
building	standards,	insurance	policies	etc.	

•  Values	influence	for	worst-case	scenarios:	
1.  Highly	influenced	by	non-epistemic	values.	

2.  Risk	that	worst-case	scenarios	are	downplayed,	
because	decision	maker	cannot	handle	the	

consequences	of	them.	
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Fig. 3. Our third and final approximation of
the information flow in the process in which
science is used as a base for decision making
on risks.

But it does not end there. In social practice, risk
issues are often connected with—or rather parts of—
other issues. Decision making on vaccination has to
be based not only on information about risks but also
on the costs of a vaccination campaign, its chances
of achieving sufficient coverage, the severity of the
disease in different strata of the population, alterna-
tive uses of the same resources, etc. Similarly, de-
cision making on traffic safety has to be integrated
with decision making on traffic planning as a whole,
including issues such as travel time, accessibility,
environmental impact, costs, etc. Although it is
common in risk analysis to treat risk issues as
separate from other issues in the same social sec-
tor, actual decision making usually has to cover a
larger group of concerns than those that are treated
in risk analysis. Therefore, even after the risk eval-
uation, decisionmakers need to combine the risk in-
formation they have received with information from
other sources and on other topics. In Fig. 3, we re-
fer to this as the decisionmaker’s review and judg-
ment. It goes clearly beyond the scientific field and
will cover value-based considerations of different
types. It may also include policy-related considera-
tions on risk and safety that were not covered in
the expert review. Just like the expert’s review, it is
based on a combination of factual and value-based
considerations.

It is stressed that Fig. 3 is a model, a simplifica-
tion of the real world (the same is even more true
about Figs. 1 and 2). The arrows represent the ma-
jor flows of decision-guiding information. Obviously,
there are also other communications taking place,
for instance, questions from decisionmakers to scien-
tists and feedbacks from risk assessors to scientists
producing risk-relevant data. We have chosen not
to complicate the model by including these types of
communication. For some detailed discussions of the
links between decision making and risk assessment,
see Refs. 5, 6, 23, and 24.

3.3. Two Major Types of Risk Studies
The content of risk analysis can be inventoried

by reviewing different types of papers published in
the pertinent scientific journals. Based on the dis-
cussion by Aven and Zio(25) on the foundations of
risk assessment and risk management, we can de-
fine risk analysis as comprising (i) knowledge about
risk-related phenomena, processes, events, etc., and
(ii) concepts, theories, frameworks, approaches, prin-
ciples, methods, and models to understand, assess,
characterize, communicate, and (in a wide sense)
manage risk, in general and for specific applications.
This provides us with a division of risk studies into
two major categories. One of these consists of pa-
pers aiming at knowledge about risk-related phe-
nomena, processes, events, etc., for example, the con-
sequences of using a specific drug in a medical con-
text, the damages to the environment of an oil spill
in a specific type of coastal area, etc. Such knowledge
is usually obtained by combining insights from dif-
ferent disciplines, for example, medicine and biology,
with various formal modeling approaches, most com-
monly traditional statistical analysis involving hy-
pothesis testing or Bayesian analysis. These studies
are mostly concerned with issues arising in the pro-
cesses represented by the two left-most rectangles in
Fig. 3.

Another main category of papers is related to the
development and analysis of new specific concepts,
theories, frameworks, approaches, principles, meth-
ods, and models for the understanding, assessment,
characterization, communication, management, and
governance of risk, in short: instruments for assessing
and managing risk. Consider, for example, the devel-
opment of an appropriate risk concept. During the
last 30 years, we have seen a number of suggestions
on how to define and understand this concept, but
the area still struggles to establish consensus.(26,27)

Another example is the development of suitable risk
analysis methods to reflect human and organizational
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Fig. 3. Our third and final approximation of
the information flow in the process in which
science is used as a base for decision making
on risks.

But it does not end there. In social practice, risk
issues are often connected with—or rather parts of—
other issues. Decision making on vaccination has to
be based not only on information about risks but also
on the costs of a vaccination campaign, its chances
of achieving sufficient coverage, the severity of the
disease in different strata of the population, alterna-
tive uses of the same resources, etc. Similarly, de-
cision making on traffic safety has to be integrated
with decision making on traffic planning as a whole,
including issues such as travel time, accessibility,
environmental impact, costs, etc. Although it is
common in risk analysis to treat risk issues as
separate from other issues in the same social sec-
tor, actual decision making usually has to cover a
larger group of concerns than those that are treated
in risk analysis. Therefore, even after the risk eval-
uation, decisionmakers need to combine the risk in-
formation they have received with information from
other sources and on other topics. In Fig. 3, we re-
fer to this as the decisionmaker’s review and judg-
ment. It goes clearly beyond the scientific field and
will cover value-based considerations of different
types. It may also include policy-related considera-
tions on risk and safety that were not covered in
the expert review. Just like the expert’s review, it is
based on a combination of factual and value-based
considerations.

It is stressed that Fig. 3 is a model, a simplifica-
tion of the real world (the same is even more true
about Figs. 1 and 2). The arrows represent the ma-
jor flows of decision-guiding information. Obviously,
there are also other communications taking place,
for instance, questions from decisionmakers to scien-
tists and feedbacks from risk assessors to scientists
producing risk-relevant data. We have chosen not
to complicate the model by including these types of
communication. For some detailed discussions of the
links between decision making and risk assessment,
see Refs. 5, 6, 23, and 24.

3.3. Two Major Types of Risk Studies
The content of risk analysis can be inventoried

by reviewing different types of papers published in
the pertinent scientific journals. Based on the dis-
cussion by Aven and Zio(25) on the foundations of
risk assessment and risk management, we can de-
fine risk analysis as comprising (i) knowledge about
risk-related phenomena, processes, events, etc., and
(ii) concepts, theories, frameworks, approaches, prin-
ciples, methods, and models to understand, assess,
characterize, communicate, and (in a wide sense)
manage risk, in general and for specific applications.
This provides us with a division of risk studies into
two major categories. One of these consists of pa-
pers aiming at knowledge about risk-related phe-
nomena, processes, events, etc., for example, the con-
sequences of using a specific drug in a medical con-
text, the damages to the environment of an oil spill
in a specific type of coastal area, etc. Such knowledge
is usually obtained by combining insights from dif-
ferent disciplines, for example, medicine and biology,
with various formal modeling approaches, most com-
monly traditional statistical analysis involving hy-
pothesis testing or Bayesian analysis. These studies
are mostly concerned with issues arising in the pro-
cesses represented by the two left-most rectangles in
Fig. 3.

Another main category of papers is related to the
development and analysis of new specific concepts,
theories, frameworks, approaches, principles, meth-
ods, and models for the understanding, assessment,
characterization, communication, management, and
governance of risk, in short: instruments for assessing
and managing risk. Consider, for example, the devel-
opment of an appropriate risk concept. During the
last 30 years, we have seen a number of suggestions
on how to define and understand this concept, but
the area still struggles to establish consensus.(26,27)

Another example is the development of suitable risk
analysis methods to reflect human and organizational



What	values	are	jusAfied?	

•  I	will	use	John’s	(2015)	proposal	that	we	should	
focus	on	the	difference	between	“private”	and	

“public”	communicaAon.	

•  “private”	communicaAon	

–  “speakers	aim	to	communicate	to	ex-ante	known	
individuals.”		

•  “public”	communicaAon	

–  “speakers	communicate	to	ex-ante	unknown	
audiences.”		



Arguments	for	fixed&high	epistemic	

standards	for	public	com.	(John	2015)	

1.  Cannot	use	floaAng	standards	because	
cannot	know	the	audience’s	needs	ex	ante.	

2.   Fixed	epistemic	standards	are	more	efficient	

–  For	scienAfic	community.	

–  For	wider	society	

3.   High	epistemic	standards	more	efficient	

–  Everybody	can	agree	on	the	claims	based	on	high	

fixed	epistemic	standards.	



But	for	private	communicaAon…	

1.  Experts	can	know	“their	audience’s	proper	
epistemic	standards	for	acceptance“	

2.  Efficiency	gains	of	fixed	standards	not	as	

important.	

3.  Efficiency	gains	of	high	standards	not	as	a	

important.	

•  The	argument	from	inducAve	risk	is	much	

stronger	for	private	communicaAon!	

–  See	also	”The	scienAst	qua	policy	advisor”(Steele	
2012).	
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But it does not end there. In social practice, risk
issues are often connected with—or rather parts of—
other issues. Decision making on vaccination has to
be based not only on information about risks but also
on the costs of a vaccination campaign, its chances
of achieving sufficient coverage, the severity of the
disease in different strata of the population, alterna-
tive uses of the same resources, etc. Similarly, de-
cision making on traffic safety has to be integrated
with decision making on traffic planning as a whole,
including issues such as travel time, accessibility,
environmental impact, costs, etc. Although it is
common in risk analysis to treat risk issues as
separate from other issues in the same social sec-
tor, actual decision making usually has to cover a
larger group of concerns than those that are treated
in risk analysis. Therefore, even after the risk eval-
uation, decisionmakers need to combine the risk in-
formation they have received with information from
other sources and on other topics. In Fig. 3, we re-
fer to this as the decisionmaker’s review and judg-
ment. It goes clearly beyond the scientific field and
will cover value-based considerations of different
types. It may also include policy-related considera-
tions on risk and safety that were not covered in
the expert review. Just like the expert’s review, it is
based on a combination of factual and value-based
considerations.

It is stressed that Fig. 3 is a model, a simplifica-
tion of the real world (the same is even more true
about Figs. 1 and 2). The arrows represent the ma-
jor flows of decision-guiding information. Obviously,
there are also other communications taking place,
for instance, questions from decisionmakers to scien-
tists and feedbacks from risk assessors to scientists
producing risk-relevant data. We have chosen not
to complicate the model by including these types of
communication. For some detailed discussions of the
links between decision making and risk assessment,
see Refs. 5, 6, 23, and 24.

3.3. Two Major Types of Risk Studies
The content of risk analysis can be inventoried

by reviewing different types of papers published in
the pertinent scientific journals. Based on the dis-
cussion by Aven and Zio(25) on the foundations of
risk assessment and risk management, we can de-
fine risk analysis as comprising (i) knowledge about
risk-related phenomena, processes, events, etc., and
(ii) concepts, theories, frameworks, approaches, prin-
ciples, methods, and models to understand, assess,
characterize, communicate, and (in a wide sense)
manage risk, in general and for specific applications.
This provides us with a division of risk studies into
two major categories. One of these consists of pa-
pers aiming at knowledge about risk-related phe-
nomena, processes, events, etc., for example, the con-
sequences of using a specific drug in a medical con-
text, the damages to the environment of an oil spill
in a specific type of coastal area, etc. Such knowledge
is usually obtained by combining insights from dif-
ferent disciplines, for example, medicine and biology,
with various formal modeling approaches, most com-
monly traditional statistical analysis involving hy-
pothesis testing or Bayesian analysis. These studies
are mostly concerned with issues arising in the pro-
cesses represented by the two left-most rectangles in
Fig. 3.

Another main category of papers is related to the
development and analysis of new specific concepts,
theories, frameworks, approaches, principles, meth-
ods, and models for the understanding, assessment,
characterization, communication, management, and
governance of risk, in short: instruments for assessing
and managing risk. Consider, for example, the devel-
opment of an appropriate risk concept. During the
last 30 years, we have seen a number of suggestions
on how to define and understand this concept, but
the area still struggles to establish consensus.(26,27)

Another example is the development of suitable risk
analysis methods to reflect human and organizational

Public	communicaAon:	

Fixed	&	high	epistemic	standards	

Private	communicaAon:	

FloaAng	epistemic	standards	
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”We	have	very	high	confidence	(>9	in	10	chance)	that	global	

mean	sea	level	will	rise	at	least	0.2	meters	(8	inches)	and	no	

more	than	2.0	meters	(6.6	feet)	by	2100.”	(Parris	et	al	2013,	p	1)	

	

	

In the Mississippi River Delta, coastal subsidence 
increases RSL. As such, individual regions should 
expect a set of additional processes beyond global SLR 
that may influence estimates of regional and local sea 
level change. To provide the level of detail required for 
sound coastal assessments, regional and local experts, 
including the NCA chapter authors, are needed 
to evaluate regional and local ocean dynamics and 
vertical land movement and make specific adjustments 
to global scenarios.

SLR and Coastal Flooding
It is certain that higher mean sea levels increase the 
frequency, magnitude, and duration of flooding 
associated with a given storm, which often have 
disproportionately high impacts in most coastal 
regions. Extreme weather events will 
continue to be the primary driver of the 
highest water levels. However, a consensus 
has not yet been reached on how the 
frequency and magnitude of storms may 
change in coastal regions of the US. The 
greatest coastal damage generally occurs 
when high waves and storm surge occur 
during high tide. In many locations along 
the US coast, small increases in sea level over 
the past few decades already have increased 
the height of storm surge and wind-waves. 
Thus, considering the impact of different 
weather events combined with scenarios of 
SLR is crucial in developing hazard profiles 
for emergency planning and vulnerability, 
impact, and adaptation assessments.  

Conclusion
Based on a large body of science, we 
identify four scenarios of global mean SLR 
ranging from 0.2 meters (8 inches) to 2.0 
meters (6.6 feet) by 2100. These scenarios 
provide a set of plausible trajectories of global mean 
SLR for use in assessing vulnerability, impacts, and 
adaptation strategies. None of these scenarios should 
be used in isolation, and experts and coastal managers 

should factor in locally and regionally specific 
information on climatic, physical, ecological, and 
biological processes and on the culture and economy 
of coastal communities. Scientific observations at the 
local and regional scale are essential to action, and 
long-term coastal management actions (e.g. coastal 
habitat restoration) are sensitive to near-term rates 
and amounts of SLR. However, global phenomena, 
such as SLR, also affect decisions at the local scale, 
especially over longer time horizons. Thousands of 
structures along the US coast are over fifty years 
old, including vital storm and waste water systems. 
Thus, coastal vulnerability, impact, and adaptation 
assessments require an understanding of the long-
term, global, and regional drivers of environmental 
change.  

Figure ES 1. Global mean sea level rise scenarios. Present Mean Sea Level 
(MSL) for the US coasts is determined from the National Tidal Datum 
Epoch (NTDE) provided by NOAA. The NTDE is calculated using tide gauge 
observations from 1983 – 2001. Therefore, we use 1992, the mid-point of 
the NTDE, as a starting point for the projected curves. The Intermediate-
High Scenario is an average of the high end of ranges of global mean 
SLR reported by several studies using semi-empirical approaches. The 
Intermediate Low Scenario is the global mean SLR projection from the  
IPCC AR4 at the 95% confidence interval.
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Comparing	NOAA	and	IPCC	

•  NOAA	communicate	subjecAve	probability.	

–  ”very	high	confidence	(>9	in	10	chance)	…	no	more	

than	2.0	meters	(6.6	feet)	by	2100.”	(Parris	et	al)	

•  IPCC	communicate	66%	likelihood,	with	“medium	

confidence”	relaPve	to	emission	scenarios.	
–  “likely	(medium	confidence)	to	be	in	the	5	to	95%	
range	of	projecAons	from	process-	based	models		…	
For	RCP8.5,	the	rise	by	2100	is	0.52	to	0.98	
m”	(Church	et	al	2013a,	p	1140).	



IPCC	2014,	Figure	2.8		



•  a)	anAcipaAng	the	future	

based	on	best	available	

knowledge,		

•  b)	quanAfying	future	

uncertainty,		

•  c)	exploring	mulAple	

plausible	futures,		

•  d)	combining	the	three	

paradigms	to	address	

different	sources	of	

uncertainty	within	a	

problem.		

Whateley et al., 2014), which reward strategies, designs or plans
that perform well under a range of future conditions, rather than
performance measures that consider the probability of acceptable
system performance for a “best-guess” future, such as reliability.
When it comes to the development of future strategies, designs or
plans, these generally need to be robust over long periods of time,
making adaptive strategies (Beh et al., 2015a; Groves et al., 2014;
Haasnoot et al., 2013, 2014; Hamarat et al., 2014; Lempert and
Groves, 2010; Ray et al., 2011) a viable alternative to their more
commonly used static, fixed counterparts.

While each of these elements (i.e. thinking of future uncertainty
as being represented bymultiple plausible futures, using scenarios to
quantify uncertainty, using robustness to measure system perfor-
mance, and considering adaptive strategies as viable alternatives to
fixed strategies) is not new in itself, they have generally been
considered in isolation. This is exemplified by a number of recent
synthesis papers, which have primarily focussed on one of these
elements, without considering their connections. For example,
Herman et al. (2015) mainly focus onmeasures of robustness, while
Kwakkel et al. (2016a) and Dittrich et al. (2016) highlight different
approaches to developing future strategies. While there are a
number of review papers on scenarios (Bradfield et al., 2005;
European Environmental Agency, 2009; Haasnoot and
Middelkoop, 2012; Van Notten, 2005; Van Notten et al., 2005),
and several examples of quantifying multiple plausible futures
using scenarios (Fortes et al., 2015; Vervoort et al., 2014; Kok and
Van Delden, 2009; Van Delden and Hagen-Zanker, 2009), recog-
nition of these types of scenarios and their relevance for the
quantification of multiple plausible futures have generally not
featured in papers on deep uncertainty. Consequently, there is a
need for a paper that offers a synthesis of how these elements fit
together in the context of dealing with multiple plausible futures.

In order to address this shortcoming, the primary objective of
this paper is to provide a multidisciplinary perspective on how the
concepts of an uncertain future, deep uncertainty, scenarios, robust-
ness and adaptation fit together to facilitate the development of
strategies, designs and plans that are best suited to dealing with an
uncertain future. The remainder of this paper is organised as fol-
lows. An outline of different paradigms for modelling the future is
given in Section 2, followed by the articulation of some of the terms
that encapsulate the concept of multiple plausible futures in Sec-
tion 3. A classification of scenario types is given in Section 4, along
with a discussion of their suitability for quantifying multiple
plausible futures. A categorisation of the two main approaches to
developing strategies for dealing with future uncertainties, as well
as a discussion of the conditions that favour each of these ap-
proaches, is given in Section 5, followed by a discussion of the
implications of considering multiple plausible futures onmodelling
in Section 6. Finally, a summary and concluding remarks are pre-
sented in Section 7.

2. Three complementary paradigms for modelling the future

A fundamental purpose of modelling is to help understand the
future, to support planning or adaptation. We focus here on
quantitative models defined by a model structure and a set of
parameter values. The model is applied to input data in order to
obtain estimates of future system states. The models therefore have
some temporal element (even if they do not generate time series),
and are usually spatially situated (even if they are not spatially
distributed). The quantitative model is usually linked with an un-
derlying qualitative conceptual model (Argent et al., 2016), which
provides a more complete, but less precise picture of the system. A
particular future can be described by its state, but also by themodel
structure, parameters and inputs in which that state occurs.

The need to address uncertainty in modelling and the exis-
tence of different types of uncertainties is widely recognised.
Uncertainties are generally differentiated according to their
different levels, nature, and source (Ascough et al., 2008;
Courtney, 2001; Guillaume et al., 2012, 2015; Kwakkel et al.,
2010; Refsgaard et al., 2007; Walker et al., 2003; Van Asselt,
2000). A continuum of levels of uncertainty, ranging from deter-
minism to total ignorance (Kwakkel et al., 2010; Walker et al.,
2003, 2010), includes the idea that information about outcomes
and probabilities is often not known (see also Brown, 2004), such
that there is a need to deal with “Knightian” uncertainty, rather
than probabilistic risk (Knight, 1921). In terms of the nature of
uncertainty, a classic distinction is between aleatory or ontic un-
certainty, and epistemic uncertainty (Hacking, 2006; Hoffman and
Hammonds, 1994). Aleatory uncertainty is the intrinsic uncer-
tainty of natural variability. Epistemic uncertainty can arise due to
a lack of knowledge, or due to ambiguity. Ambiguity in this
context means that there exist multiple frames of reference about
given phenomena (Brugnach et al., 2008; Dewulf et al., 2005).
Sources of uncertainty have commonly referred to model struc-
ture, data, and parameters. These typologies emphasise properties
of the problem, which these previous studies have linked to a
variety of suitable actions.

In the end, it is the action that matters, rather than the moti-
vation. In terms of modelling the future, we consider that the ac-
tions addressing all these differences in types of uncertainty boil
down to three complementary paradigms of how modellers
conceptualise the future. These paradigms are defined based on
sharp changes in mindset that occur when transitioning between
them. The same problem can often be approached with any of the
three paradigms, regardless of the inherent type of uncertainty. At
the same time, the three paradigms are also usually used in com-
bination, addressing different parts of a problem. As described
below and summarised in Fig. 1, the three paradigms are: use of
best available knowledge, quantification of future uncertainty, and
exploring multiple plausible futures.

In the first paradigm, models are used to consolidate best
available knowledge (Bankes, 1993), capturing the processes and

Fig. 1. Estimates of future system states according to different complementary para-
digms for modelling the future: a) anticipating the future based on best available
knowledge, b) quantifying future uncertainty, c) exploring multiple plausible futures,
d) combining the three paradigms to address different sources of uncertainty within a
problem. (Adapted from Mejia-Giraldo and McCalley (2014)).
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IPCC	&	NOAA	different	values	

•  IPCC	statement	more	“conservaAve”	“high	

epistemic	standards”,	but	less	useful	for	end-

users?	

•  NOAA	statement	lower	epistemic	standards,	but	

more	useful	for	end-users?	

•  Values	of	ex	ante	idenAfied	end-users	in	NOAA-
process	influenced	choice	of	how	to	

communicate	uncertainty?	

•  NOAA-report	somewhere	in	between	“private”	&	

“public”	

•  IPCC	more	pure	“public	communicaAon”	



4.	IMPLICATIONS	



Box	3	is	important	&	difficult	for	

worst-case	scenarios	

Experts	working	in	Box	3	should	ideally:	

1.  Make	an	independent	assessment	of	the	

scienAfic	literature,	taking	into	account	

potenAal	biases	in	Box	1&2.	

2.  Externalize	non-epistemic	values	(à	la	Boyer-

Kassem	&	Jebille),	or	

3.  Internalize	and	make	explicit	values	from	

decision-makers.	

	

But	this	is	hard…	



Some	worries	for	Box	3	

•  How	to	ensure	legiAmate	non-epistemic	value	

influence	in	Box	3?	(“moAvated	reasoning”?)	

– E.g.	experts	could	be	commiked	to	not	changing	

their	previous	assessment	(with	high	economic	

costs)	

– E.g.	end-users	could	communicate	the	grave	

economic	and	poliAcal	consequences	of	experts	

providing	even	worse-case	scenarios	than	what	is	

currently	used	in	planning.			



SuggesAon	for	strategies	for	improving	

work	in	Box	3&4	

•  InteracAvity	(&	iteraAon)	between	Box	3&4	
–  (not	one-way	communicaAon).	

•  Reduce	sensiAvity	to	inducAve	risk	in	Box	3	by	
reducing	sensiAvity	to	worst-case	scenarios	

–  E.g.	Strategies	for	robust	decision-making	under	deep	

uncertainty.	

•  Enable	private	communicaAon		

–  enables	floaAng	values	&	less	potenAal	for	value	
conflicts	between	high	epistemic	standards	of	

scienAsts	used	to	working	in	Box	1&2	and	decision-

makers.	



But	Box	3	problems	for	other	reasons	

•  Private	(or	even	secret)	expert	assessments	

can	be	in	conflict	with	an	open	society	and	

democracy.	

– “closed	doors	should	be	an	excepAon”	(Wilholt)	



Some	worries	for	Box	1	&	2	

•  In	many	cases	the	work	in	Box	3	does	not	live	up	

to	the	high	ideals	/	requirements	on	values	or	

Box	3	even	pracAcally	non-existent.	

•  Then	values	in	Box	1	&	2	become	even	more	

important	for	worst-case	scenarios	

– How	study	and	communicate	worst-case	scenarios	

keeping	high	epistemic	standards?	

– New	balance	of	non-epistemic	epistemic	values	needs	

to	be	made,	e.g.	for	IPCC	(maybe	they	need	to	say	

things,	which	they	are	less	certain	about?)	

	



Conclusions	

•  Likely	bias	against	worst-case	scenarios	in	Box1&2	

–  Can	be	explained	(and	jusAfied?)	by	fixed	&	high	epistemic	standards	as	

appropriate	for	public	communicaAon.	

•  Box	3&4	important	and	interesAng	for	worst-case	scenarios.	

•  If	no	Box3	non-existent	(or	bad),	then	problem	of	managing	worst-case	

scenarios	become	much	worse	(because	of	bias	in	Box1&2).	

•  If	“good”	Box	3,	then	bias	against	worst	case	scenarios	in	Box	1&2	can	be	

managed,	but	this	requires:	

–  Independent	and	competent	experts	

–  Able	to	manage	flexible	standards	

–  Understanding	of	different	role	of	values	in	Box	1&2	and	3&4	(e.g.	fixed	high	
standards	vs	flexible).	

•  Worries	for	Box	3:	

–  that	non-legiAmate	values	influence	assessments.	

•  Worries	for	Box	1&2		

–  how	to	study	worst-case	scenarios	using	high	epistemic	standards.	

	


