
Navigating	the	Abyss	of
Uncertainty	in	Future	

Sea	Levels

Per	Wikman-Svahn
Department of Philosophy and	History
KTH	Royal	Institute of Technology

Stockholm,	Sweden



Sriver RL,	Lempert RJ,	Wikman-Svahn P,	Keller	K	(2018)	
Characterizing	uncertain	sea-level	rise	projections	to	support	investment	decisions.	

PLOS	ONE	13(2):	e0190641.	



IPCC	2014,	Figure	2.8 ,	Modified

1.	Emission	
scenarios

2.	Climate	
projections

3.	Sea	level	
projections



1.	UNCERTAINTY	IN	EMISSION	
SCENARIOS



What	are	the	RCP	scenarios?

Van	Vuuren et	al	2011,	Figure	6
Introduction of climate policy, thus, may lead to significant emission reductions, even in the
short term, but will not eliminate emissions altogether. While the RCP CH4 emissions are
within the ranges from the literature, there is a significant gap between RCP2.6, RCP4.5 and
RCP6 on the one hand and the high-emission RCP8.5 scenario on the other. For N2O, the
scenarios are placed in similar order, although here the emissions for RCP4.5 remain
stable while those for RCP6 increase over time. In this case, the RCPs do not cover the
full range in the literature, but only the more representative range. One may, however,
question the studies that indicate very rapidly increasing and decreasing N2O emissions,
given the main sources of N2O (these are mostly agricultural and will grow at a modest
rate, in the future, but to some degree are also difficult to abate). It is important to
recognize that there is substantial uncertainty in base-year emissions for many substances
(Granier et al. 2011). The RCP scenarios, due to the design of the harmonization process,
do not fully represent this uncertainty.

3.3.2 Emissions of atmospheric air pollutants

The RCPs generally exhibit a declining trend of air polluting emissions. The emission
trends for air pollutants are determined by three factors: the change in driving forces (fossil-
fuel use, fertilizer use), the assumed air pollution control policy, and the assumed climate
policy (as the last induces changes in energy consumption leading to changes (generally
reductions) in air polluting emissions). We have illustrated the trends in air pollutants by
looking at SO2 and NOx (Fig. 7). In general, similar trends can be seen for other air
pollutants.

All RCPs include the assumption that air pollution control becomes more stringent, over
time, as a result of rising income levels. Globally, this would cause emissions to decrease,
over time—although trends can be different for specific regions or at particular moments in
time. A second factor that influences the results across the RCPs is climate policy. In
general, the lowest emissions are found for the scenario with the most stringent climate
policy (RCP2.6) and the highest for the scenario without climate policy (RCP8.5), although
this does not apply to all regions, at all times. The overall correlation is a result of the fact
that climate policy induces systemic changes in the energy system, away from technologies
with high greenhouse gas emission levels, which also have high emissions of air pollutants
(e.g. coal use without CCS has high emission levels of CO2, but also of SO2). In contrast,
the application of energy efficiency or use of renewables reduces both greenhouse gas
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Fig. 6 Emissions of main greenhouse gases across the RCPs. Grey area indicates the 98th and 90th
percentiles (light/dark grey) of the literature (for references, see Figure 4). The dotted lines indicate four of
the SRES marker scenarios. Note that the literature values are obviously not harmonized (see text)
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How	were	the	RCPs	developed?	

Step	1:	choosing	four	target	radiative forcing	
levels	by	2100.
• “The	review	considered	324	scenarios,	37	of	
which	(from	7	modeling	teams)	met	the	
selection	criteria.	Based	on	the	design	criteria	
and	discussions	at	an	IPCC	expert	meeting	in	
September	2007	(Moss	et	al.	2008),	a	total	of	
4	RCP	radiative forcing	levels	were	chosen”
– (Van	Vuuren et	al	2011,	p	11)



Moss	et	al	2010,	Figure	5b

targets identified by policy makers. In addition, the integrated assess-
ment modellers will develop entirely new scenarios with different
radiative forcing pathways to explore additional issues and un-
certainties. For example, new reference scenarios will be developed
to explore alternative demographic, socioeconomic, land use, and
technology scenario backgrounds. Scenarios will be created to explore
alternative stabilization levels, including higher overshoot pathways, as
well as the technology, institutional, policy and economic conditions
associated with these pathways. Other scenarios will be developed to
explore uncertainties in processes such as the terrestrial carbon cycle,
the ocean carbon cycle and the atmospheric chemistry of aerosols. A
variety of new regionally based scenarios will be developed using
regional models by research teams in developing and transition-
economy countries. The process by which new scenarios will be pro-
duced and the nature of coordination across research teams is not
specified here and remains to be determined.

The socioeconomic assumptions underlying the new emissions
scenarios (along with information about the spatial distribution of
these characteristics, when possible) will be used to develop scenarios
of factors affecting vulnerability, and will then be paired with climate
model results to provide consistent inputs for impact, adaptation and
vulnerability research. It is an open research question how wide a
range of socioeconomic conditions could be consistent with a given
forcing pathway, including its ultimate level, pathway over time and
spatial pattern; however, the range of underlying socioeconomic
scenarios that are consistent is potentially very wide (carbon cycle
uncertainties are among the major unknowns affecting scenario
development46).

A significant portion of the new research anticipated to result from
the RCPs and the subsequent process will be assessed in the IPCC’s

Fifth Assessment Report, now under way and scheduled for release
during 2013 and 2014.

Selection process for the RCPs
A careful selection process was used to identify the RCPs, using
criteria that reflected the needs of both climate scenario developers
and users3. As a user of the RCPs and the ensuing research, the IPCC
requested the development of new scenarios compatible with the
literature of reference and mitigation scenarios and helped catalyse
the selection process. The criteria established by the research com-
munity included compatibility ‘with the full range of stabilization,
mitigation, and reference emissions scenarios available in the current
scientific literature’43; a manageable and even number of scenarios (to
avoid the inclination with an odd number of cases to select the central
case as the ‘best estimate’); an adequate separation of the radiative
forcing pathways in the long term in order to provide distinguishable
forcing pathways for the climate models; and the availability of model
outputs for all relevant forcing agents and land use. The scientific
community used these criteria to identify four radiative forcing path-
ways, and a new Integrated Assessment Modelling Consortium
(IAMC), comprising 45 participating organizations (http://www.
iamconsortium.org), then assembled a list of candidate scenarios
for each radiative forcing level from the peer-reviewed literature.
The selection process relied on previous assessment of the literature
conducted by IPCC Working Group III during development of the
Fourth Assessment Report49. Of the 324 scenarios considered, 32 met
the selection criteria and were able to provide data in the required
format. An individual scenario was then selected for each RCP
(Table 1). The final RCP selections (RCP2.6, RCP4.5, RCP6.0 and
RCP8.5) were made on the basis of discussions at an IPCC expert

Table 1 | The four RCPs

Name Radiative forcing Concentration
(p.p.m.)

Pathway Model providing RCP* Reference

RCP8.5 .8.5 W m22 in 2100 .1,370 CO2-equiv. in 2100 Rising MESSAGE 55,56

RCP6.0 ,6 W m22 at stabilization after 2100 ,850 CO2-equiv. (at stabilization after 2100) Stabilization without
overshoot

AIM 57,58

RCP4.5 ,4.5 W m22 at stabilization after 2100 ,650 CO2-equiv. (at stabilization after 2100) Stabilization without
overshoot

GCAM 48,59

RCP2.6 Peak at ,3 W m22 before 2100 and
then declines

Peak at ,490 CO2-equiv. before 2100 and
then declines

Peak and decline IMAGE 60,61

*MESSAGE, Model for Energy Supply Strategy Alternatives and their General Environmental Impact, International Institute for Applied Systems Analysis, Austria; AIM, Asia-Pacific Integrated
Model, National Institute for Environmental Studies, Japan; GCAM, Global Change Assessment Model, Pacific Northwest National Laboratory, USA (previously referred to as MiniCAM); IMAGE,
Integrated Model to Assess the Global Environment, Netherlands Environmental Assessment Agency, The Netherlands.
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Figure 5 | Representative concentration pathways. a, Changes in radiative
forcing relative to pre-industrial conditions. Bold coloured lines show the
four RCPs; thin lines show individual scenarios from approximately 30
candidate RCP scenarios that provide information on all key factors
affecting radiative forcing from ref. 47 and the larger set analysed by IPCC
Working Group III during development of the Fourth Assessment Report49.

b, Energy and industry CO2 emissions for the RCP candidates. The range of
emissions in the post-SRES literature is presented for the maximum and
minimum (thick dashed curve) and 10th to 90th percentile (shaded area).
Blue shaded area corresponds to mitigation scenarios; grey shaded area
corresponds to reference scenarios; pink area represents the overlap between
reference and mitigation scenarios.
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“Energy and industry CO2 emissions 
for the RCP candidates. The range 
of emissions in the post-SRES 
literature is presented for the 
maximum and minimum (thick 
dashed curve) and 10th to 90th 
percentile (shaded area).” 
(Moss et al 2010, Figure 5b figure 
text).

Step	2:	choosing	4	scenarios	from	4	
different	IAM	models	were	chosen

Moss, Richard H., et al. "The next generation of scenarios for climate 
change research and assessment." Nature 463.7282 (2010): 747.



What	does	the	range	
of	the	RCPs	mean?

• 10-90%	percentile	of	scenarios	in	published	
papers	does	not	necessarily	span	the	10-90%	
range	of	possible	futures.

• “The	RCPs	should	not	be	interpreted	as	
forecasts	or	absolute	bounds,	or	be	seen	as	
policy	prescriptive.”	
– (Van	Vuuren et	al	2011,	p	26)	

Van Vuuren, Detlef P., et al. "The representative concentration pathways: an 
overview." Climatic change 109.1-2 (2011): 5.



What	is	the	probability	of	the	RCP	
scenarios?

• "No	probabilities	or	likelihoods	have	been	
attached	to	the	alternative	RCP	scenarios	(as	
was	the	case	for	SRES	scenarios).	Each	of	them	
should	be	considered	plausible,	as	no	study	
has	questioned	their	technical	feasibility“
– Collins	et	al	2013,	p	1038

Collins, M., et al 2013: Long-term Climate Change: Projections, Commitments and Irreversibility. 
(Chapter 12 In IPCC AR5 Climate Change 2013: The Physical Science Basis)



Important	questions	for	navigating	
uncertainty	in	future	sea	levels

1. How	much	should	we	trust	that	the	RCP	
scenarios	span	the	relevant	range	of	possible	
outcomes?

2. How	should	we	make	decisions	that	are	
based	on	the	non-probabilistic	RCP	
scenarios?



2.	UNCERTAINTY	IN	SEA	LEVEL	
PROJECTIONS



IPCC,	2014:	Climate Change	2014:	Synthesis Report.	

” For	the	period	2081–2100	relative	to	1986–2005,	
the	rise will likely be	in	the	ranges of 0.26	to 0.55	m	for	RCP2.6,	
and	of 0.45	to 0.82	m	for	RCP8.5	(medium	confidence)”
(IPCC	2014,	p	13).	

Figure SPM.6	(b)	in	IPCC	(2014)	



But what does the	IPCC	AR5	(2013)	
numbers mean?

• “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).

• “The	IPCC	statements	on	uncertainty	mean	that	
there	is	“roughly	a	one-third	probability	that	sea-
level	rise	by	2100	may	lie	outside	the	‘likely’	
range”
– (Church	et	al.	2013b,	p	1445).

Church, John A., et al. "Sea-level rise by 2100." Science 342.6165 (2013b): 1445-
1445.



Sriver RL,	Lempert RJ,	Wikman-Svahn P,	Keller	K	(2018)	Characterizing	uncertain	sea-level	rise	projections	to	support	investment	
decisions.	PLOS	ONE	13(2):	e0190641.	https://doi.org/10.1371/journal.pone.0190641
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0190641

IPCC	2013

Pfeffer et	al	2008



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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Pfeffer et	al	(2008)	has	been	used	as	a	
“worst-case”	scenario

• The	authors	“conclude	
that	increases	in	excess	
of	2	meters	are	
physically	untenable.”	
(p		1340)

Pfeffer,	W.	T.,	Harper,	J.	T.,	&	O’Neel,	S.	(2008).	Kinematic	constraints	on	glacier	contributions	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

Pfeffer et	al	2008	used
30	cm	(the	mean	value	
from	IPCC	2007)

IPCC	2007	range

Sriver et	al	2013:	thermal	expansion	
could	be	+55	cm	instead	of	+30cm

Sriver,	R.	L.,	Urban,	N.	M.,	Olson,	R.,	&	Keller,	K.	(2012).	Toward	a	physically	plausible	upper	
bound	of	sea-level	rise	projections.	Climatic	Change,	115(3–4),	893–902

55	cm	“upper	
bound”	in	Sriver et	
al	2011



Sriver,	R.	L.,	Urban,	N.	M.,	Olson,	R.,	&	Keller,	K.	(2012).	Toward	a	physically	plausible	upper	
bound	of	sea-level	rise	projections.	Climatic	Change,	115(3–4),	893–902,	Figure	3.



The	highest	number	of	global	mean	sea	level	rise	by	year	2100	in	
the	five	IPCC	reports	(red)	and	recent	studies	(blue)

Sriver RL,	Lempert RJ,	Wikman-Svahn P,	Keller	K	(2018)	Characterizing	uncertain	sea-level	rise	projections	to	support	investment	
decisions.	PLOS	ONE	13(2):	e0190641.	https://doi.org/10.1371/journal.pone.0190641
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0190641

IPCC	2013

Pfeffer et	al	2008

Sriver et	al	2013



Major	sources	of	uncertainty	in	
projections	of	future	GMSLR

• Uncertainty	in	input	parameters
– E.g.	the	span	of	the	RCP-scenarios

• Uncertainty	in	model	variables
– e.g.	thermal	expansion	(Sriver et	al	2012).

• Uncertainty	in	model	structure
– e.g.	inclusion	of	phenomena	such	as	“Marine	ice	sheet	

and	ice	cliff	instabilities” (De	Conto &	Pollard	2016)

How	much	should	we	trust	the	probabilities	of	return	
times	if	they	in	turn	are	based	on	very	uncertain	GMSLR	
projections?



3.	SO	WHAT	TO	DO?



Robust	decision-support	approaches

• Robust	Decision	Making	(RDM;	Lempert 2002;	
Groves	and	Lempert 2007)

• Information	gap	(Ben-Haim 2004)
• Many-Objective	Robust	Decision	Making	
(MORDM;	Kasprzyk et	al.	2013)

• Decision	scaling	(Brown	et	al.	2012)
• Dynamic	Adaptive	Policy	Pathways	(DAPP;	
Haasnoot et	al.	2013).	



Three	“core	principles	of	robust	
decision	support	approaches”

1. Embrace	uncertainties	by	considering	the	relevant	
types	and	full	ranges	of	uncertainties.

2. Use	a	bottom-up	process	that	starts	from	the	
specific	decision	context	by	analysing	the	
consequences	of	different	options.

3. Find	static	or	flexible	strategies	that	are	robust	in	
that	they	reduce	vulnerability	to	uncertainty.

Carlsson-Kayama A, Wikman-Svahn, P, Mossberg Sonnek, K, “We want to know where the 
line is”: Comparing current planning for future sea-level rise with three core principles of 
robust decision support approaches, Journal of Environmental Planning and Management, 
Accepted



1.	Embrace	uncertainties	

a)	 b)	

c)	 d)	

Today	 Future	 Today	 Future	

System-	
state	

System-	
state	

Maier, H.R., J.H. Guillaume, H. van Delden, G.A. Riddell, M. Haasnoot, and J.H. Kwakkel. 2016. 
“An Uncertain Future, Deep Uncertainty, Scenarios, Robustness and Adaptation: How Do they Fit 
Together?” Environmental Modelling & Software 81: 154–164.

Adapted	from	Maier	et	al	2016,	Figure	1.



2.	Use	a	bottom-up	approach

• In	contrast	to	standard	“top-down,	science	first,
predict	then	act,	scenario	led”	approaches.

• Bottom-up	approaches	start	from	the	decision-
making	context.

• Identify	relevant	vulnerabilities,	potential	
solutions	and	critical	tipping-points	when	the	
solutions	fail.

• Also	called	“assess-risk-of-policy	framing,	policy-
first or	tipping-point” approaches



3.	Find	static	or	flexible	strategies	
that	are	robust	against	uncertainty
• A	static	approach is	a	predetermined	strategy	
that	works	satisfactorily	under	the	full	range	
of	uncertain	outcomes.	

• A	flexible	approach	consists	of	several	
different	options	for	different	future	
circumstances,	and	a	switch	can	be	made	
between	the	options,	depending	on	how	the	
future	unfolds.



Different	situations	may	require	
different	approaches
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Figure 2. Uncertainty framework for coastal hazard assessments to support the DAPP process, showing
a logical flow from the situation, to the related level of uncertainty as determined by the situation,
the hazard scenarios to model, the likely hazard modeling complexity, and the possible decision type.
A distinction is drawn (represented by the dashed arrows and dashed box) between the situation,
the coastal hazard assessment process, the DAPP process and socio-economic assessment (SEA), and the
decision type.

The framework in Figure 2 addresses three situations:

1. To avoid risk to new or existing development where, for non-habitable use, the risk of damage
from coastal hazards and SLR is low, or the asset can be easily adapted to cope with future SLR.
Although there may be high uncertainty around SLR in the long term, because the asset has a
short life or low value, and has a functional need to be in the coastal margin, that uncertainty is
inconsequential, or can be deliberately ignored. Examples might be a toilet block, a surf-lifesaving
lookout, or a culvert supporting a minor access way. Such assets can be easily replaced or
relocated, so modeling effort can be kept simple and low-cost. For example, using a simple
“building block” model to allow for various coastal hazard sources, or relying on expert judgement
or sensitivity testing to decide on an appropriate floor or culvert elevation or setback distance.
The assumption in Figure 2 is that hazards are more likely to be accepted for non-habitable
short-lived and/or low-value assets, although that decision will be influenced by the planning
process, including socio-economic assessment.

2. The greatest demands on coastal hazard assessment are for existing, exposed developments,
where ongoing adaptation will be required to cope with rising sea level. For avoiding risk to
existing development, or for land use intensification or change in land use, the hazard assessment
will require sufficient information to inform the decision(s) to be made, and, when intolerable or
nuisance risks may emerge (if not already). This will require the use of both present-day statistical
uncertainty (where calculable for non-SLR coastal hazards such as storm-tide), plus several
SLR scenarios—thus, the hazard assessment is likely to be more complex and costly. Within
the DAPP process, the hazard assessment will need to provide enough information to identify
vulnerabilities and thresholds, to design adaptation pathways, and to identify trigger points for
when to switch pathways before the threshold eventuates.

3. To avoid increasing the coastal risk exposure from new development and to test the longevity of
the decision in establishing new developments on greenfield land where the logical and statutory
requirement is to avoid future hazard (e.g., NZCPS); modeling effort can be kept relatively

Stephens,	S.,	R.	Bell,	and	J.	Lawrence.	2017.	“Applying	Principles	of	Uncertainty	within	Coastal	Hazard	
Assessments	to	Better	Support	Coastal	Adaptation.”	Marine	Sciences	and	Engineering 5:	20.	Figure	2.



SUMMARY



1.	There	are	many	influential	sources	
of	uncertainty	in	GMSLR	projections

• Input	parameters
– E.g.	the	span	of	the	RCP-scenarios

• Model	variables
– e.g.	thermal	expansion	(Sriver et	al	2012).

• Model	structure
– e.g.	inclusion	of	phenomena	such	as	“Marine	ice	

sheet	and	ice	cliff	instabilities”	(De	Conto &	Pollard	
2016)

• We	should	accept	the	uncertainties	and	not	
pretend	that	we	can	predict	the	future	with	
great	precision.



2.	But	new	approaches	and	solutions	
for	better	managing	uncertainty	exist!
Robust	decision	support	approaches:
1. Embrace	uncertainty
2. Use	a	“bottom-up”	process	
3. Aim	to	find	options	that	are	robust	against	

uncertainty.
• Different	situations	might	require	different	
approaches.

• A	wider	application	of	these	new	approaches	can	
likely	lead	to	creative	solutions		and	be	instrumental	
for	better	navigation	in	the	abyss	of	uncertainty	in	
future	sea	levels!


