
The	climate	of	2050:	
changes	that	are	certain	

•  How	warm	will	it	be?		
•  Terrestrial	changes	
•  Marine	changes	
•  Things	you	may	want	to	know,	but	we	don’t	



New	York	Times,	Jan	18,	2018		

“2017	was	the	2nd	hoGest	year	on	
record.	And	that	was	without	El	Niño.”	

2018	+0.63	ºC	in	past	30	years	



The	climate	of	2050:	
changes	that	are	certain	

Terrestrial	
•  Temperature	
•  PrecipitaSon:	less	in	southern	Europe	
•  Other:	humidity,	snowpack,		sea	ice	



To	a	good	approximaSon	…	

•  The	total	warming	depends	on	the	cumula&ve	amount	of	
CO2	that	is	added	to	the	air	
–  It	is	not	dependent	on	the	rate	of	CO2	emissions	
–  Methane	&	other	greenhouse	gases	minor	players	today,	and	will	

be	even	less	important	in	the	future	

•  Uncertainty	in	temperature	projecSons	
–  In	the	short	term	(up	to	~2050),	depends	on	how	clouds	will	

respond	to	increasing	CO2	but	weakly	on	emission	choices	
–  In	the	long	run	(beyond	~2050),	uncertainty	equally	due	to	model	

uncertainty	and	emission	choices	



How warm will it be (compared to 
1980-1999)? 

Utopia	(RPC	4.5)	 Split	Difference	(RCP	6.0)	 Business	as	Usual	
(RCP8.5)	

+2 ºC 2108	(2065,2166)	 2080	(2066,2094)	 2055	(2047,2059)	

+4 ºC 2166	(2124,	2187)	 2097	(2082,	2107)	

Tigchelaar	et	al	2018	

•  A conservative estimate:  +1.0 ºC warmer in 2050 
than today 
-  Similar to the warming observed 1850-2000 

•  Warmer than anytime in the past 3M years 
•  Projections for 2100: ~ +3 ºC warmer than today 
	



Tigchelaar	et	al	2018	



How likely is it we can keep the increase in 
global average temperature to be < 2°C relative 

to PI? 

Fig.	SPPM.10	IPCC	2013	

SPM
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• A lower warming target, or a higher likelihood of remaining below a specific warming target, will require lower cumulative 
CO2  emissions. Accounting for warming effects of increases in non-CO2 greenhouse gases, reductions in aerosols, or the 
release of greenhouse gases from permafrost will also lower the cumulative CO2 emissions for a specific warming target 
(see Figure SPM.10). {12.5}

• A large fraction of anthropogenic climate change resulting from CO2 emissions is irreversible on a multi-century to 
millennial time scale, except in the case of a large net removal of CO2 from the atmosphere over a sustained period. 
Surface temperatures will remain approximately constant at elevated levels for many centuries after a complete cessation 
of net anthropogenic CO2 emissions. Due to the long time scales of heat transfer from the ocean surface to depth, ocean 
warming will continue for centuries. Depending on the scenario, about 15 to 40% of emitted CO2 will remain in the 
atmosphere longer than 1,000 years. {Box 6.1, 12.4, 12.5} 

• It is virtually certain that global mean sea level rise will continue beyond 2100, with sea level rise due to thermal 
expansion to continue for many centuries. The few available model results that go beyond 2100 indicate global mean 
sea level rise above the pre-industrial level by 2300 to be less than 1 m for a radiative forcing that corresponds to CO2 
concentrations that peak and decline and remain below 500 ppm, as in the scenario RCP2.6. For a radiative forcing that 
corresponds to a CO2 concentration that is above 700 ppm but below 1500 ppm, as in the scenario RCP8.5, the projected 
rise is 1 m to more than 3 m (medium confidence). {13.5}

Figure SPM.10 |  Global mean surface temperature increase as a function of cumulative total global CO2 emissions from various lines of evidence. Multi-
model results from a hierarchy of climate-carbon cycle models for each RCP until 2100 are shown with coloured lines and decadal means (dots). Some 
decadal means are labeled for clarity (e.g., 2050 indicating the decade 2040−2049). Model results over the historical period (1860 to 2010) are indicated 
in black. The coloured plume illustrates the multi-model spread over the four RCP scenarios and fades with the decreasing number of available models 
in RCP8.5. The multi-model mean and range simulated by CMIP5 models, forced by a CO2 increase of 1% per year (1% yr–1 CO2 simulations), is given by 
the thin black line and grey area. For a specific amount of cumulative CO2 emissions, the 1% per year CO2 simulations exhibit lower warming than those 
driven by RCPs, which include additional non-CO2 forcings.  Temperature values are given relative to the 1861−1880 base period, emissions relative to 
1870. Decadal averages are connected by straight lines. For further technical details see the Technical Summary Supplementary Material. {Figure 12.45; 
TS TFE.8, Figure 1}
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Global	temperature	
depends	on	total	
cumulaSve	emission		
	
Hence,	to	limit	the	
temperature	rise	to	
2°C:	
•  total	allowable	C	

emission	~1200	Gt	
•  emissions	to	date	

=	515	Gt	
•  Allowed	future	

emission	=	685Gt	
(1200	–	515)	
between	now	and	
the	end	of	Sme	

•  68	years	at	current	
rate	of	emission	
(10	Gt/yr)	1200	Gt	allowed	if	only	CO2	changed	

~800	Gt	carbon	in	eCO2	allowed	because	of	other	GH	gas	increases	



What does a 1ºC warming by 2050 mean? 
common ANN pattern for 1.0 °C warming
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•  All	models	produce	the	
same	paGern,	which	is	
well	understood	
–  More	warming:	over	

land	than	ocean;	
over	the	arcSc	than	
tropics	

•  Models	vary	in	amplitude	of	warming	paGern	by	-30%	to	+50%	
–  Uncertainty	everywhere	is	enSrely	due	to	w/	uncertainty	in	tropical	

cloud	response	



What does a 1ºC warming by 2050 mean? 
common JJA pattern for 1.0°C warming
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June	-	August	 common DJF pattern for 1.0 °C warming
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•  Midla7tude	growing	season	warms	by	1.25	to	2ºC	compared	
to	now.	

•  All	models	produce	the	same	paGerns,	which	are	well	
understood	
–  More	warming:	over	land	than	ocean,	over	the	arcSc	than	

tropics;	in	winter	than	in	summer	

•  Models	vary	in	amplitude	of	paGern	by	-30%	to	+50%	



common DJF pattern for 3.0 °C warming
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2090 most likely (3.0ºC warming) 
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change	in	
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common ANN pattern for 3.0 °C warming
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2090 with B.A.U. emissions (3.7ºC warming) 

common DJF pattern for 3.7 °C warming
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common JJA pattern for 3.7°C warming
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Projected	Annual	PrecipitaSon	
Average	over	all	Models		

Hatching	indicates	areas	where	projected	changes	are	small	compared	to	the	internal	variability;	sSppling	
indicates	regions	where	the	projected	changes	in	mulS-model	mean	are	at	least	two	standard	deviaSons	
greater	than	internal	variability	and	where	at	least	90%	of	the	models	agree	on	the	sign	of	change.		

Figure	TS.16	

Detectable	
increase	in	

high	
laStudes;	
drying	in	
subtropics	



Annual Mean Hydrological Changes (RCP8.6) 
2081-2100	relaSve	to	1986–2005		

Average	over	all	Models		

Hatching	indicates	areas	where	projected	changes	are	small	compared	to	the	internal	variability;	sSppling	
indicates	regions	where	the	projected	changes	in	mulS-model	mean	are	at	least	two	standard	deviaSons	
greater	than	internal	variability	and	where	at	least	90%	of	the	models	agree	on	the	sign	of	change.		

Figure	TFE.1	Fig	2		

Less	precip	&	
more	

evaporaSon	à	
drying	of	soil	



Annual Mean Hydrological Changes (RCP8.6) 

Figure	TFE.1	Fig	2		

2081-2100	relaSve	to	1986–2005		
Average	over	all	Models		

Hatching	indicates	areas	where	projected	changes	are	small	compared	to	the	internal	variability;	sSppling	
indicates	regions	where	the	projected	changes	in	mulS-model	mean	are	at	least	two	standard	deviaSons	
greater	than	internal	variability	and	where	at	least	90%	of	the	models	agree	on	the	sign	of	change.		

Less	precip	&	more	evaporaSon	à	drying	of	soil	in	the	
western	US,	southern	Europe,	southern	African	and	Brazil	



The	climate	of	2050:	
changes	that	are	certain	

Other	
•  Less	cold	days	and	nights;	more	warm	days	and	nights	
•  Less	frost	days	
•  HoGer	and	more	frequent	“extremely	hot	days”	
•  HoGer	and	more	frequent	heat	waves,	extreme	droughts	and	

floods	
•  Over	land:	

–  specific	humidity	increases	(~4%)	
–  relaSve	humidity	decreases	(~4%)	

•  NH	area	covered	by	snow	in	winter/spring	decreases	by	~10%	
•  Sea	ice	area	and	thickness	reduced	
•  On	average,	a	15	cm	rise	in	sea	level	



Projected NH Land Ice and Snow 

Figure	TS.18	

Change	in	Area	
Covered	in	March/
April	(reference		
period	1986–2005)	

•  ~20%	decrease	
in	area	covered	
by	snow	

•  ~70%	decrease	
in	area	covered	
by	permafrost	



The	climate	of	2050:	
changes	that	are	certain	

Terrestrial	
•  Temperature	
•  PrecipitaSon:	less	in	southern	Europe	
•  Other:	relaSve	humidity,	snowpack,		sea	ice	

common ANN pattern for 1.0 °C warming
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0Marine	
•  Upper	ocean	warming	
•  	Small	surface	salinity	

increase	in	subtropical	
AtlanSc	(~0.3%)	

•  Surface	ocean	acidifies	by	
15%	in	2050;	50%	by	2090	



Ocean	Salinity	Changes	
	over	the	next	30	years	or	so	

Hatching	indicates	areas	where	projected	changes	are	small	compared	to	the	internal	variability;	sSppling	
indicates	regions	where	the	projected	changes	in	mulS-model	mean	are	at	least	two	standard	deviaSons	
greater	than	internal	variability	and	where	at	least	90%	of	the	models	agree	on	the	sign	of	change.		

Fig.	11.20	

Changes	are	small,	
however:	typically	
+/-	0.3%	



Projected	changes	in	surface	ocean	pH	

Figure	TS.20	

By	2050,	the	
surface	ocean	will	
likely	be	17%	more	
acidic	than	today	



Projected changes in surface ocean pH 

Figure	TS.20	

The	global	ocean	
will	be	2	to	3	
Smes	more	acidic	



The	climate	of	2050:	
changes	that	are	certain	

Terrestrial	
•  Temperature	
•  PrecipitaSon:	less	in	southern	Europe	
•  Other:	relaSve	humidity,	snowpack,		sea	ice	

Marine	
•  Upper	ocean	warming	
•  Near	surface	salinity	changes	
•  Ocean	acidificaSon		

Things	you	may	want	to	know,	but	we	don’t	(yet)	
•  Soil	moisture,	precipitaSon,	changes	in	weather	variability,	etc..	
•  Winds		



How long would forcing by humans last if we 
suddenly stopped emitting everything?  

•  Carbon Dioxide 
–  About 1/2 removed in 3000 years (absorbed in the deep 

ocean) 
–  Most gone by 10,000 years 

•  Methane 
–  About 70% removed in 10 years (absorbed into soil) 
–  Most gone by 20 years 

•  CFCs 
–  50 to 20,000 years, depending on compound 

•  Aerosols 
–  In troposphere, about 5 days 
–  In stratosphere, about 2 years 

Editorial note: Carbon credits for reducing 
methane will, at best, waste money. It will likely lead 
lead to more CO2 in the atmosphere.  


