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Source: NASA GISS



Atmospheric CO2 concentration 

Red: Mauna Loa (Hawaii, 3400 m a.s.l); �
Black: same data with seasonal correction



(Lüthi et al.,2008, NOAA) 
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The atmospheric concentrations of carbon dioxide, 
methane, and nitrous oxide have increased to levels 

unprecedented in at least the last 800,000 years.  



Carbon cycle: unperturbed fluxes 

Units: GtC (billions tons of carbon) or GtC/year (multiply by 3.7 to get GtCO2) 
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Carbon cycle: perturbed by human activities 
(numbers for the decade 1990-1999s, based on IPCC AR4)  

Units: GtC (billions tons of carbon) or GtC/year 
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The	carbon	cycle	is	policy-relevant	

•  CO2	accumulates	in	the	atmosphere	as	long	
as	human	emissions	are	larger	than	the	
natural	absorp9on	capacity	

•  Historical	emissions	from	developed	
countries	therefore	ma=er	for	a	long	9me	

•  As	warming	is	func9on	of	cumulated	
emissions,	the	carbon	«	space	»	is	narrowing	
fast	(to	stay	under	1.5	or	2°C	warming)	
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Ocean warming dominates 
the increase in energy 
stored in the climate 

system, accounting for 
more than 90% of the 
energy accumulated 

between 1971 and 2010 
(high confidence). 

AR5 WG1 Box 3.1, Fig. 1 

© IPCC 2013 
Where does the energy 

trapped go? 



Change in average sea-level change
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AR1 AR4 

A Progression of Understanding: Greater and Greater 
Certainty in Attribution 

AR1 (1990): 
“unequivocal detection 
not likely for a decade” 

AR2 (1995):  “balance 
of evidence suggests 
discernible human 
influence” 

AR3 (2001):  “most of 
the warming of the  
past 50 years is likely  
(odds 2 out of 3) due  
to human activities” 

AR4 (2007): “most of 
the warming is very 
likely (odds 9 out of 10) 
due to greenhouse 
gases” 

IPCC 

AR5	(2013)	«It	is	extremely	likely	
	(odds	95	out	of	100)	that	human	influence	
	has	been	the	dominant	cause…	»	



RCP Scenarios: Atmospheric CO2 concentration

AR5, chapter 12.  WGI- Adopted version / subject to final copyedit

Three stabilisation scenarios: RCP 2.6 to 6 
One Business-as-usual scenario: RCP 8.5 



Only the lowest (RCP2.6) scenario maintains 
the global surface temperature increase above 
the pre-industrial level to less than 2°C with at 

least 66% probability 
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RCP2.6 (2081-2100), likely range:  26 to 55 cm 
RCP8.5  (in 2100), likely range:  52 to 98 cm 

Fig. SPM.9 
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(Reference	level:	1986-2005)	
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Precipitation projections 
Projected Change in Precipitation 

RCP 2.6 RCP 8.5 
 



Since 1950, extreme hot days and heavy 
precipitation have become more common 
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There is evidence that anthropogenic influences, including increasing atmospheric 
greenhouse gas concentrations, have changed these extremes



Extreme	weather	and	climate	events		

IPCC,	AR5,	Table	SPM.1			



IPCC AR5 Synthesis Report 

Potential Impacts of Climate Change 

Food	and	water	shortages	

Increased	poverty	

Increased	displacement	
of	people	

Coastal	flooding	

AR5 WGII SPM 



More heavy precipitation and more droughts…. 

•  Warmer world implies more evaporation - 
but soils will dry out as a result.   So dry 
regions will get drier unless storm tracks 
shift in a lucky way. And for some, they are 
expected to shift in an unlucky way. 

• At mid to low latitudes - wet get wetter, 
dry get drier 

•  Warmer world implies more evaporation - more water goes 
to the atmosphere where water is available on the ground 
(e.g., oceans).  The atmosphere therefore will contain more 
water vapor available to rain out.  And most places receive 
the majority of their moisture in heavy rain events, which 
draw moisture from a big area. 



The appetite for regional/local 
information is large



Rummukainen	2016	



•  Regional	climate	modelling	is	a	dynamical	
dowscaling	technique	applied	to	the	results	of	
a	Global	Climate	Model	(GCM)	in	order	to	
acquire	more	informaSon	on	climate	
simulaSons	and	climate	change	projecSons	

•  RCMs	operate	on	higher	resoluSon	than	GCMs	
by	a	factor	of	2-10.	Some	RCMs	explore	
resoluSons	of	1-5	km.	

Source:	Rummukainen	2016	WIREs	Clim	Change	



•  RCMs	add	value	in	regions	with	variable	
orography,	land-sea	and	other	contrasts	

•  RCMs	are	beXer	at	capturing	sharp,	short-
duraSon,	and	extreme	events	

Source:	Rummukainen	2016	WIREs	Clim	Change	



Gula	et	al.	(2012)	

GCM	 RCM	+	lake	model	



Concluding	remarks	

•  ResoluSon	maXers	
•  The	physics	represented	by	the	model	must	
match	the	resoluSon	increase	

•  Never	«	trust	»	the	results	of	climate	
projecSons	from	a	single	GCM	(see	the	IPCC	
AR5	WGI	Atlas	of	regional	projecSons)	

•  Funding	fundamental	climate	research	is	sSll	
useful!	



AR5 WGI SPM - Approved version / subject to final copyedit

AR5 WGI Regional Atlas

•  Addition to previous reports

•  > 70 pages of maps, for RCP4.5 only: �
temperature and precipitation changes �
(winter & summer average climate, including model uncertainties)

•  Other RCPs & seasons are available as suppl. material



AR5 WGI SPM - Approved version / subject to final copyedit

Regional Atlas - «Central Europe», summer temp.

°C / 1985-2005

Median of multi-model distribution,
average temp change JJA, 2081-2100



North	Europe	-	Map	of	temperature	
changes:	2081–2100	with	respect	to		

1986–2005	in	the	RCP8.5	scenario	(annual)	

IPCC	WG1	Fi]h	Assessment	Report	(Final	Dra])	



AR5 WGI SPM - Approved version / subject to final copyedit

Regional Atlas - «Central Europe», precipitation

% 1985-2005

Median of multi-model distribution,
average over October-March, 

2081-2100

(hatching : change < present day variability 
for 20 years periods)



North	Europe	-	Map	of	precipita9on	
changes	in	2081–2100	with	respect	to		

1986–2005	in	the	RCP8.5	scenario	(annual)	

IPCC	WG1	Fi]h	Assessment	Report	(Final	Dra])	



Map	of	precipita9on	changes	in	2081–2100	with	respect	
to	1986–2005	in	the	RCP8.5	scenario	

IPCC, AR5, WGI, Annex I: Atlas of Global and Regional Climate Projections Supplementary Material RCP8.5  

Regions	where	the	projected	change	is	large	compared	to	natural	internal	variability,	and	where	at	least	90%	of	models	agree	on	a	sign	
of	change	

Regions	where	the	projected	change	is	less	than	one	standard	deviaSon	of	the	natural	internal	variability	



We have a choice. 

RCP2.6 RCP8.5 
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Jean-Pascal van Ypersele 
(vanyp@climate.be) 

Useful links: 

❚  www.ipcc.ch     : IPCC 
❚  www.climate.be/vanyp  : my slides and other 

documents 
❚  www.skepticalscience.com: excellent 

responses to contrarians arguments 
❚  On Twitter: @JPvanYpersele 

 


