
São	Paulo	School	of	Advanced	Science	on	Atmospheric	Aerosols:	
proper8es,	measurements,	modeling,	and	effects	on	climate	and	health	

São	Paulo,		22	July	2019	

Paulo	Artaxo	
Laboratório	de	Física	Atmosférica	

Ins6tuto	de	Física	
Universidade	de	São	Paulo	-	USP	



Aerosol	par.cles	are	cri.cally	important	for:	
Climate	Change	
Urban	air	pollu.on	
Health	effects	
Ecosystem	func.oning	
Cloud	forma.on	and	development	
Lot´s	of	other	issues!!!	
	



Will	Stefan,	2015	



IPBES,	2018	



Source: Global Carbon Project 2016 



Global Carbon Budget 2017 



CO2:	Increase	of	44%	since	1850	 CH4:	Increase	of	175%	since	1850	



Human	perturba.ons	on	the	global	carbon	cycle	
(Global	Carbon	Project)	







Aerosols	influence	the	incoming	visible	radia.on	and	
also	the	outgoing	flux	via	cloud	interac.ons	
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Aerosols	(and	greenhouse	gases)	dominate	the	temperature	change	



Source:	IPCC	2018	Special	Report	on	Global	Warming	of	1.5°C	



Jim	Hansen	NASA	GISS,	2017	



base	period:	1981–2010.	

Source	2016:	State	of	the	Climate	in	2015,	Bull.	Amer.	Meteor.	Soc.,	97	(8),	2016.		



Ocean	temperatures	also	increasing	-	1959	-	2008	



Source:	Church	and	White	(2011).	

Seal	level	rise	-	1860	to	2010		

23	cm	



NaQonal	Geographic	+	USGS	topography	



NaQonal	Geographic	+	

USGS	topography	





hMp://svs.gsfc.nasa.gov/goto?11719	



Around the World with Energy

Surface temperature (colors 270-310 Kelvin) and outgoing longwave radiaDon at the top of the atmosphere (white) representaDve of clouds in the model.

GEOS-5 simulaDon of surface temperatures between May 2005 and May 2007. Colors show surface temperatures ranging from 270 to 310 Kelvin. Outgoing longwave 
radiaDon at the top of the atmosphere represents clouds (white) in the model.  Model: GEOS-5




To	study	the	effects	of	precipita6on	and	how	it	influences	other	phenomena,	scien6sts	study	moisture	and	precipita6on	in	the	atmosphere.	Satellite	observa6ons	cover	
broad	areas	and	provide	more	frequent	measurements	that	offer	insights	into	when,	where,	and	how	much	it	rains	or	snows	worldwide.	Researchers	from	NASA’s	Global	
Modeling	and	Assimila6on	Office	ran	a	10-kilometer	global	mesoscale	simula6on	to	study	the	presence	of	water	vapor	and	precipita6on	within	global	weather	paMerns.	
In	this	simula6on,	from	May	2005	to	May	2007,	colors	represent	rainfall	rates	ranging	from	0	to	15	millimeters	per	hour.	Total	precipitable	water,	or	precipitable	water	
vapor,	is	depicted	in	white	shades.	Such	simula6ons	allow	scien6sts	to	beMer	understand	global	moisture	and	precipita6on	paMerns.	





Global	aerosol	and	cloud	life	cycles	



Forcing	mechanisms	are	represented	by	black	arrows;	forcing	agents	are	boxes	with	
grey	shadows,	rapid	forcing	adjustments	(also	called	rapid	responses)	are	shown	with	
brown	arrows	and	feedbacks	are	other-coloured	arrows.	

Feedbacks	and	forcing	pathways	involving	clouds	and	aerosols		





Aerosols influence the incoming visible radiation and the outgoing flux 
via clouds 



José Vanderlei Martins photos 





Poschl et al., 2012, Artaxo, 2013 







Our changing 
planet is an 
integrated 
complex 
system: 
 
 
Atmosphere 
Cryosphere 
Biosphere 
Geosphere 
Hydrosphere 





CO2,	N2O,	CH4,	CFC,	HFC,	NOx,	SO2,	NH3,	VOC,	BC,	OC	







IPCC	AR5,	Chapter	8,	2013	







Tem
perature	change	

Jos	Lelieveld,	2019	



Aumento	médio	de	temperatura	
esperado	para	o	Brasil	

INPE,	(RCP	8.5)	

2071-2099	

Áreas	con.nentais	se	aquecem	mais	
que	áreas	oceânicas	

Mudanças	na	chuva	
(%)	em	2071-2100	
rela.vo	a	1961-90.	
	
Amazonia	e	
Nordeste	do	Brasil	
à	deficiência	de	
chuvas	
	
Sudeste	da	America	
do	Sulà	aumento	
nas	chuvas		

Mudança	na	precipitação	
esperada	para	o	Brasil	2071-2100	





During	photosynthesis,	plants	absorb	carbon	dioxide	and	sunlight	to	create	fuel,	glucose	
and	other	sugars	for	building	plant	structures.	This	process	forms	the	founda6on	of	the	
biological	carbon	cycle.	



MODIS	gross	primary	producQvity	(GPP)	esQmaQon	from	NDVI	2000-2010	

Amazonia:	about	120	billion	tons	of	carbon	in	the	forest	



Lovejoy	and	Nobre,	2018	



UNEP	GEO-6	2019	







FAO	and	World	Economic	Forum:	Global	Risks	2016	



Source:	Urban	M.C-Nature,	2015	

The	highest	risks:	South	America,	Australia,	and	New	Zealand	(14	to	23%)	



Susan Salomon PNAS Fev 2009 

Note the scale: Till year 3000 → 



Global	Environmental	Change	39	(2016)	351–362		



Energy	produc6on	 Transporta6on	 Agriculture	 Biofuels?	



Immediate CO2 emission 
reductions (-5% per year, at 
2020)	

Source:	IPCC	Special	Report	on	Global	Warming	of	1.5°C	

Black Carbon emissions: 90% 
reduction	



CDR - Carbon Dioxide Removal	

BECCS  - Bioenergy with Carbon Capture and 
Storage	

AFOLU - Agriculture, Forestry and Other Land 
Use	

Source:	IPCC	Special	Report	on	Global	Warming	of	1.5°C	

Fossil	Fuels	 AFOLU – Forests and 
Agriculture	

Bioenergy with Carbon 
Capture	



Top	5	Global	Risks	in	Terms	of	Likelihood	 Top	5	Global	Risks	in	Terms	of	Impacts	

P.S.:	These	are	issues	raised	by	economists,	not	scien.sts	or	NGOs…	



Poten6al	posi6ve	effects	(synergies)	
Nega6ve	effects	(trade-offs)	with	the	
SDGs	

IPCC	SR1.5,	2018	



I	urgently	appeal	for	a	new	dialogue	

about	how	we	are	shaping	the	future	of	

our	planet.	We	need	a	conversaQon	

which	includes	everyone,	since	the	

environmental	challenge	we	are	

undergoing,	and	its	human	roots,	

concern	and	affect	us	all.		

Encyclical	LeMer	LAUDATO	SI’	of	Pope	Francis	(2015)	





hcp://climateacQontracker.org	



A	few	of	the	Brazilian	iNDC	commitments	(Reference	point:	2005):	

Brazilian iNDC

Emissions	reduc.ons	in	2025	 Reduc.on	in	2030	

37%	 43%	

•  ZERO	illegal	deforesta.on	at	2030	and	compensa.on	of	emissions	from	legal	
deforesta.on	at	2030;	

•  Restore	and	reforest	12	millions	hectares	of	forests	.ll	2030,	for	mul.ple	
uses;	

•  Restora.on	of	15	millions	of	hectares	in	degraded	pastures	.ll	2030	

•  Par.cipa.on	of	45%	renewable	energy	in	the	energy	system	at	2030	





66	





Steffen	et	al.	2015,	Science	



Source: TWI2050	




