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The	commiVed	warming	alone	is	projected	
to	drive	nontrivial	impacts.	
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Annotated	and	extracted	from	Alexander	et	al	(2013)	(SPM	IPCC	Figure	TS.18).	
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TS.5.5.6 Projected Long-term Changes in the Ocean 

Over the course of the 21st century, the global ocean will warm in 
all RCP scenarios. The strongest ocean warming is projected for the 
surface in subtropical and tropical regions. At greater depth the 
warming is projected to be most pronounced in the Southern Ocean. 
Best estimates of ocean warming in the top one hundred metres are 
about 0.6°C (RCP2.6) to 2.0°C (RCP8.5), and 0.3°C (RCP2.6) to 0.6°C 
(RCP8.5) at a depth of about 1 km by the end of the 21st century. For 
RCP4.5 by the end of the 21st century, half of the energy taken up by 
the ocean is in the uppermost 700 m, and 85% is in the uppermost 
2000 m. Due to the long time scales of this heat transfer from the 
surface to depth, ocean warming will continue for centuries, even if 
GHG emissions are decreased or concentrations kept constant, and will 
result in a continued contribution to sea level rise (see Section TS5.7). 
{12.4.3, 12.4.7}

TS.5.6 Long-term Projections of Carbon and Other  
Biogeochemical Cycles

Projections of the global carbon cycle to 2100 using the CMIP5 ESMs 
represent a wider range of complex interactions between the carbon 
cycle and the physical climate system. {6}

With very high confidence, ocean carbon uptake of anthropogenic CO2 
will continue under all four RCPs through to 2100, with higher uptake 

in higher concentration pathways. The future evolution of the land 
carbon uptake is much more uncertain. A majority of CMIP5 ESMs proj-
ect a continued net carbon uptake by land ecosystems through 2100. 
Yet, a minority of models simulate a net CO2 source to the atmosphere 
by 2100 due to the combined effect of climate change and land use 
change. In view of the large spread of model results and incomplete 
process representation, there is low confidence on the magnitude of 
modelled future land carbon changes. {6.4.3}

There is high confidence that climate change will partially offset 
increases in global land and ocean carbon sinks caused by rising atmos-
pheric CO2. Yet, there are regional differences among CMIP5 ESMs in 
the response of ocean and land CO2 fluxes to climate. There is high 
agreement between models that tropical ecosystems will store less 
carbon in a warmer climate. There is medium agreement between the 
CMIP5 ESMs that at high latitudes warming will increase land carbon 
storage, although none of these models accounts for decomposition of 
carbon in permafrost which may offset increased land carbon storage. 
There is high confidence that reductions in permafrost extent due to 
warming will cause thawing of some currently frozen carbon. However, 
there is low confidence on the magnitude of carbon losses through CO2 
and CH4 emissions to the atmosphere with a range from 50 to 250 PgC 
between 2000 and 2100 for RCP8.5. {6.4.2, 6.4.3} 

The loss of carbon from frozen soils constitutes a positive radiative 
feedback that is missing in current coupled ESM projections. There is 
high agreement between CMIP5 ESMs that ocean warming and cir-
culation changes will reduce the rate of ocean carbon uptake in the 
Southern Ocean and North Atlantic, but that carbon uptake will never-
theless persist in those regions. {6.4.2} 

It is very likely, based on new experimental results and modelling, 
that nutrient shortage will limit the effect of rising atmospheric CO2 
on future land carbon sinks for the four RCP scenarios. There is high 
confidence that low nitrogen availability will limit carbon storage on 
land even when considering anthropogenic nitrogen deposition. The 
role of phosphorus limitation is more uncertain. {6.4.6}

For the ESMs simulations driven by CO2 concentrations, representation 
of the land and ocean carbon cycle allows quantification of the fossil 
fuel emissions compatible with the RCP scenarios. Between 2012 and 
2100, ESM results imply cumulative compatible fossil fuel emissions of 
270 [140 to 410] PgC for RCP2.6, 780 [595 to 1005] PgC for RCP4.5, 
1060 [840 to 1250] PgC for RCP6.0 and 1685 [1415 to 1910] PgC for 
RCP8.5 (values quoted to nearest 5 PgC, range ±1 standard devia-
tion derived from CMIP5 model results) (Figure TS.19). For RCP2.6, the 
models project an average 50% (range 14 to 96%) emission reduction 
by 2050 relative to 1990 levels. By the end of the 21st century, about 
half of the models infer emissions slightly above zero, while the other 
half infer a net removal of CO2 from the atmosphere (see also Box 
TS.7). {6.4.3; Table 6.12}

When forced with RCP8.5 CO2 emissions, as opposed to the RCP8.5 
CO2 concentrations, CMIP5 ESMs with interactive carbon cycles simu-
late, on average, a 50 (–140 to +210) ppm larger atmospheric CO2 
concentration and a 0.2 (–0.4 to +0.9) °C larger global surface tem-
perature increase by 2100 (CMIP5 model spread ). {12.4.8}
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Figure TS.18 |  (Top) Northern Hemisphere (NH) spring (March to April average) rela-
tive snow-covered area (RSCA) in CMIP5, obtained by dividing the simulated 5-year 
box smoothed spring snow-covered area (SCA) by the simulated average spring SCA 
of 1986–2005 reference period. (Bottom) NH diagnosed near-surface permafrost area 
in CMIP5, using 20-year average monthly surface air temperatures and snow depths. 
Lines indicate the multi model average, shading indicates the inter-model spread (one 
standard deviation). {Figures 12.32, 12.33}
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How large are the 
uncertainties?

What are the trade-
offs between current 
and potential future 

objectives?

What are the 
relevant value 

decisions?

What might be 
actionable early-
warning signals?
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Climate	risk	management	poses	
transdisciplinary	research	ques4ons.	
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“Strategies	for	dealing	with	
climate	change	must	incorporate	
and	quan4fy	all	the	relevant	

uncertain-es	[…]”.	
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Do	decision	makers	see	all	“relevant	uncertain4es”?		

Quote	from	Drouet	et	al	(2015)		(emphasis	mine)	
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„ 

Producers of Earth System Projections 

Users of Earth System Projections 
Ofen	interpret	scenarios	as	equally	likely	and	
spanning	the	range	of	relevant	uncertain-es.	

Ofen	produce	storylines	without	probabili-es	and	
cu:ng	of	decision-relevant	tails.	



The	communicated	uncertain4es	ofen	represent	the	
range	of	different	best	es-mates.	
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Annotated	and	excerpt	from	figure	in	Alexander	et	al	(2013),	SPM	IPCC	Figure	TS.18.	
“shading indicates the inter-model spread (one standard deviation).”	
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When forced with RCP8.5 CO2 emissions, as opposed to the RCP8.5 
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Figure TS.18 |  (Top) Northern Hemisphere (NH) spring (March to April average) rela-
tive snow-covered area (RSCA) in CMIP5, obtained by dividing the simulated 5-year 
box smoothed spring snow-covered area (SCA) by the simulated average spring SCA 
of 1986–2005 reference period. (Bottom) NH diagnosed near-surface permafrost area 
in CMIP5, using 20-year average monthly surface air temperatures and snow depths. 
Lines indicate the multi model average, shading indicates the inter-model spread (one 
standard deviation). {Figures 12.32, 12.33}
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Climate	projec4ons	ofen	provide	
the	average	of	best	es4mates.		

What	could	go	wrong?	

8	hVp://web.stanford.edu/~savage/flaw/	

How	does	this	apply		
to	climate	change?	
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Do the right science. 



Decision	makers	o"en	care	about	
the	upper	tail.	

Excerpt from Table 1 from Jonkman (2013) 
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example of a typical cross section of a coastal dike is shown in
Figure 1.

Well-known coastal defence structures in The Netherlands
are the Deltaworks, an extensive system of dikes and storm
surge barriers that protect the southwestern delta, built after
the catastrophic flooding of 1953 (McRobie, Spencer, and
Gerritsen, 2005). In addition to structural coastal defence
measures, beach nourishments are applied along the Dutch
open (wave-exposed) coastline, which helps sustain the sandy
beaches and dunes that here provide the main defence (Van
Koningsveld et al., 2008).

For The Netherlands, several studies have been conducted to
assess the costs of adaptation of flood defences. As part of a cost-
benefit analysis, ARCADIS and Fugro (2006) assessed the costs
of adaptation of coastal dikes along the North Sea coast and in
the estuaries in the southwestern part of the country. Within
the same study, Eijgenraam (2006) reported dike reinforce-
ment costs for more urbanized areas in the southwest of the
country.

Sand nourishments are the preferred strategy for the sandy
parts of the Dutch coast. Because of the large resources of
nourishment material and the large volume of beach nourish-
ment in The Netherlands, the unit costs of nourishments used
to be relatively low, at around E3/m3 of nourishment
(ARCADIS and Fugro, 2006; Kok et al., 2008). However, the
cost of nourishment has increased rapidly (more than 200%)
over the last 5 years (Algemene Rekenkamer, 2009; Rijkswa-
terstaat, 2009). The increase in costs can be partly related to oil

prices and partly to a market situation characterized by a
limited number of large contractors.

New Orleans
New Orleans is situated in the delta of the Mississippi River.

The city originated along the natural levees (higher grounds)
along the Mississippi river, but later development expanded

across the low-lying marshes that are now largely below sea
level (Grossi and Muir-Wood, 2006). As a consequence of its
geographical situation, the area is vulnerable to flooding from

tropical depressions (hurricanes), high discharges down the
Mississippi River, and heavy rains. Levees (a synonym used in
the United States for dikes) protect the city from flooding from
hurricanes and high discharges from the Mississippi river.

Large-scale pumping systems are installed to remove rainfall
from the city.

The vulnerability to flooding from hurricanes was tragically
shown when large parts of the city flooded from the effects of
hurricane Katrina in the year 2005 (e.g. Grossi and Muir-Wood,

2006). This event led to enormous damage and more than 1100
fatalities (Jonkman et al., 2009). A subsequent large-scale
program for improvement and repair of the hurricane

protection system to a safety standard of 1/100 per year was
set up with a total budget of approximately US$14 billion. An
overview of the current New Orleans flood protection system is
given in Figure 2. It has a total length of 392 km and consists of

earthen levees along the river (185 km) and earthen levees,
floodwalls, and storm surge barriers (207 km) along the lakes to
protect the city against hurricanes. Additionally, the wetlands

can be regarded as part of a natural storm surge defence system
because the marshes dissipate storm surges (Resio and West-
erink, 2008).

Typical sketches of cross sections are presented for a
floodwall (T-type wall, Figure 3) and an earthen levee (Figure
4). An important design element for the floodwalls is the sheet

piling under the concrete wall that prevents seepage and piping
and provides stability. A number of important failures during
hurricane Katrina occurred because of an insufficient length of

these sheet pilings (Seed et al., 2006).

Table 1. Overview of the main characteristics of the three case study areas

Region/Country

Standard of
Protection

(per y)

Surge Level
for Design

Conditions (m)

Wave Height
for Design

Conditions (m)a

The Netherlands 1/4000–1/10,000 4–6 4–10
New Orleans (USA) 1/100 3–6 1–2.5
Vietnam 1/50b 3–5 2–3

a Average significant wave height; could vary 61 m depending on the
location.
b Estimate based on Mai (2010).

Figure 1. Schematic cross section of a typical sea dike in The Netherlands.

Journal of Coastal Research, Vol. 29, No. 5, 2013

1214 Jonkman et al.

How	far	our	are	these	tails?	
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High	reliabili4es	require	informa4on	about	the	
upper	tail	of	the	probability	density	func4on.	
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Are	these	
decision-
relevant	
tails	
provided	
or	cut	off?	
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Misinterpre4ng	climate	projec4ons	can	be	hazardous.	

Modified	from	Keller	and	Nicholas	(2013)	
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Figure 3 

Sriver et al (2012) 



How	can	we	bridge	this	gap?	

14	Picture	by	Elliot	Brown	



Managing	the	
climate	risks	
requires	
transdisciplinary	
interac4ons	in	
an	environment	
of	share	
discovery.	
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Earth System
Science

Decision
Analysis

Risk
Analysis

Standard
forward
mode

Inverse
decision
analysis

Standard		
Approach	

Addi4onal		
Need	

e.g. Lempert, Sriver, and Keller (2012) 



Thank	You		

•  Penn	State	Center	for	Climate	Risk	
Management	(clima.psu.edu)	

•  Research	Network	for	Sustainable	Climate	Risk	
Management	(scrimhub.org)	

•  Ques4ons:	Klaus	Keller	(klaus@psu.edu)	
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