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Introduc$on	

Research	interests:	
1) Tipping	elements	in	the	Earth	system:	

i.   	Climate	models:	CLIMBER-2:	Today	
ii.  	Conceptual	models:	DifferenUal	equaUons	–	Work	in	progress	
iii.  	Data	analysis:	E.g.	Causal	effect	networks	

PhD	student	in	IRTG1740	and	FAPESP	@	PIK	&	USP		
(H.	Barbosa,	J.F.	Donges	&	R.	Winkelmann)	
	
Stay	in	Brasil:	UnUl	17.10.2018	



4	

Introduc$on	

Research	interests:	
1) Tipping	elements	in	the	Earth	system:	

i.   	Climate	models:	CLIMBER-2:	Today	
ii.  	Conceptual	models:	DifferenUal	equaUons	–	Work	in	progress	
iii.  	Data	analysis:	E.g.	Causal	effect	networks	

2) Further	interests:	
i.  Networks	of	Upping	elements	
ii.  Social	Upping	elements		
iii.  Climate	history	in	South	America	(16-18th	century)	
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Tipping	elements	in	the	Earth	system	can	be	grouped	
into	clusters	according	to	their	temperature	threshold	

Steffen	et	al.(2018),	PNAS	 Schellnhuber	et	al.(2016),	NCC	
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Research	ques$on:		
How	would	the	Upping	of	cryosphere	elements	affect	the	GMT?	Which	are	the	
relevant	feedbacks?	
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Climate	model:	CLIMBER-2	

•  CLIMBER-2:	Earth	system	model	of	intermediate	complexity	(EMIC)		
•  Coarse	spaUal	resoluUon	à	computaUonally	efficient:	>	3	000	eq.	runs	
•  Ability	to	reconstruct	drivers	(fast	climate	feedbacks)	

Petoukhov,	et	al.(2000),	Climate	Dynamics	&		
Ganopolski,	et	al.(2001),	Climate	Dynamics		

Project	together	with:		
Ricarda	Winkelmann,	Jonathan	Donges	
&	Maieo	Willeit	
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Regional	warming	due	to	feedbacks	



GMT	increase	due	to	$pping	of	cryosphere	
elements	
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GMT	increase	due	to	$pping	of	cryosphere	
elements	
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Linearity	of	addi$onal	warming	due	to	cri$cal	
transi$on	of	$pping	elements	
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Linearity	of	addi$onal	warming	due	to	cri$cal	
transi$on	of	$pping	elements	
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Contribu$ons	from		
fast	climate	feedbacks	
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Contribu$ons	from		
fast	climate	feedbacks	

1.   Albedo:	 				Change	of	surface	albedo	
2.   Water	vapor:	AddiUonal	capacity	to	sustain	water	vapor	in	the	air	
3.   Lapse	rate:	 				Change	of	verUcal	temperature	profile	
4.   Clouds:	 				Rearrangement	of	clouds	



Contribu$ons	from		
fast	climate	feedbacks	

1.   Albedo:	 				Change	of	surface	albedo	
2.   Water	vapor:	AddiUonal	capacity	to	sustain	water	vapor	in	the	air	
3.   Lapse	rate:	 				Change	of	verUcal	temperature	profile	
4.   Clouds:	 				Rearrangement	of	clouds	

17	



18	

Summary	



19	

Summary	



20	

Summary	



21	

Summary	

Direct	and	indirect	coupling	=>	Are	$pping	cascades	possible?	

Kriegler	et	al.	(2009),	PNAS	
	
	
	

Lenton	&	Williams	(2013),	
Trends	in	ecology	&	evoluUon	
	
	
	



OUTLOOK:	
Conceptual	$pping	points		
on	networks	
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Calibra$on	of	CLIMBER-2	–	Part	I		
(feedbacks)	
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Model	Set-up	
CalibraUon:	2xCO2	radiaUve	feedback	forcing	scenarios	from	GCMs		
						(Soden	&	Held	(2006))	
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Calibra$on	of	CLIMBER-2	–	Part	II		
(climate	sensi$vity)	

Model	Set-up	
CalibraUon:	2xCO2	radiaUve	feedback	forcing	scenarios	from	GCMs		
	



Alle	feedback	strengths	at	1.5	°C	above		
pre-industrial	
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Drivers	of	addiUonal	warming:	For	each	cryosphere	element	separately	and	together	


