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Cropland, rainfed

Herbaceous cover

Tree or shrub cover

Cropland, irrigated or post-flooding

Mosaic cropland (Y50%) / natural vegetation

(tree, shrub, herbaceous cover) (<50%)

Mosaic natural vegetation

(tree, shrub, herbaceous cover) (>50%) / cropland (<50%)
Tree cover, broadleaved, evergreen, closed to open (>15%)
Tree cover, broadleaved, deciduous, closed to open (>15%)
Tree cover, broadleaved, deciduous, closed (:40%)

Tree cover, broadleaved, deciduous, open (15-40%)

Tree cover, needleleaved, evergreen, closed to open (>15%)
Tree cover, needleleaved, evergreen, closed (40%)

Tree cover, needleleaved, evergreen, open (15-40%)

Tree cover, needleleaved, deciduous, closed to open (»15%)
Tree cover, needleleaved, deciduous, closed (40%)

Tree cover, needleleaved, deciduous, open (15-40%)

Tree cover, mixed leaf type (broadleaved and needleleaved)
Mosaic tree and shrub (¥50%) / herbaceous cover (<50%)
Mosaic herbaceous cover (»50%) / tree and shrub (¢50%)
Shrubland

Shrubland evergreen

Shrubland deciduous

Grassland

Lichens and mosses

Sparse vegetation (tree, shrub, herbaceous cover) (<15%)
Sparse shrub (<15%)

Sparse herbaceous cover (<15%)

Tree cover, flooded, fresh or brakish water

Tree cover, flooded, saline water

Shrub or herbaceous cover, flooded, fresh/saline/brakish water
Urban areas

Bare areas

Consolidated bare areas

Unconsolidated bare areas

Water bodies

Permanent snow and ice

No data
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Black Carbon (BC) Aerosol Processes in the Climate System
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e Aerossois dos desertos

1 Mineral Dust Impacts on Climate
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: Aerossois dos desertos
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\h Ocupam aproximadamente 1/3 da" superficie
S terrestre;

oS/

* Grande parte da emissao ocorre em locais com
g solos secos, pouca vegetacao e ventos fortes.

» "4 ° ° 7

.° E a principal fonte de ferro e fosforona
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Aerossois dos desertos
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Emissao  de  particulas que  pouco. : se
condensam ou coagulam, de forma que’ a
distribuicao de particulas na hora da emissao
sera - importante = para  determinar - -3s
concentracoes vento abaixo;

> 490Jana atmosfera, a distribuicao de tamanho

° g o 2

evolui--por processos de deposicao, com
particulas maiores se ' depositando - mais
rapidamente;
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Fig. 4. Compilation of measurements of the dust size distribution at emission measured at different wind

friction velocities. Shown are results of the field studies of (A) Gillette et al. (1974), (B—D) soils 1-3 of
Gillette (1974), (E) Fratini et al. (2007), (F) Sow et al. (2009), and (G) Shao et al. (2011a). In addition,

panels (H) and (I) show results from the wind tunnel measurements of Gillette et al. (1974) and Alfaro et

al. (1998a), respectively.
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Dust deposition (mg/m2*yr)
Fig. 9. Deposition flux and size class of present-day dust observational estimates from Albani et al.

(submitted). The color scale represent the varying order of magnitude of dust deposition, while the circles
radius is proportional to the relative content of coarse (i.e. >10 um diameter) particles.
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Do maior deserto para a maior floresta tropical...
A Amazonia
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Aerossois da Amazonia
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Sources and properties of Amazonian aerosol particles

Scot T. Martinigs, Meinrat O. Andreae, Paulo Artaxo, Darrel Baumgardner, Qi Chen, Allen H. Goldstein,
Alex Guenther, Colette L. Heald, Olga L. Mayol-Bracero, Peter H. McMurry, ... See all authors v

First published: 16 April 2010
hittps.//dol.org/10.1029/2008RG000280
Cited by: 81




Fontes e processos de geragdo de Aerossdis da
Amazonia

- - - - - - = — > P A

1. Emissao Biogénica \
= primary biological aerosol particles: particulas ¥

A bioldgicas como fungos, podlen, detritos da
vegetacdo, etc. dominante na fragdo grossa
. (MARTIN et al., 2010);

= Aerossois secunddrios: Provenientes de bVOC (POSCHL et al., 2010). |

2. Emissoes de queimadas

* Predominam na regiao durante a estacao seca;

J
NASA
3. Emissao e transporte de poeira mineral do solo
: Floresta
Ressuspensao da poeira do solo local e transporte de  Amazénica
poeira do Saara (BEN-AMlI et al., 2010). s
L] ~n . L] \
4. Transporte a longa distancia de aerossol marinho )
% : . £ . :
| e Aerossol marinho proveniente do Oceano Atlantico adentra o continente; <
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Focos de Queima

Acumulado de Marco de 20156
Dades do Satelite de Referencia

0' 'n{.'
b4 o

\"Berbice OrientalkCorentyne

Roraima

/ 4els
S Ll A
""""" PREIRER - ( . ' . k 2 gt p 4
¥ om: 25k x 28k \;j": = [,7_‘ \ N~ ; Para g
: H : : DAIVILIANF Q ”
CPTEC,/ INPE N - N N - - - A -
ST : SEEICEI
Numere de focos i “\_ c a n are
15 20 - A W Amazonas A\ sl M a n a u S
Focos de Queima el
Acumulado de Setembro de 2014
Dados do Satelite de Referencia g
| Brasil J
w4
: Alarioesa, Alta Floresta -
Rondonia Us Dep@(‘) ovo sgsa.xe Ge:ogvanher
B . ¢ +©,2018.Google * .
otal de focos 43174 558/km ,r‘-‘ag'eL'anasaU"ggpzmlcus § o
atol d2 quodriculas: com focos 5453 L 1 L | Data S0, NOAA, U:S; Navy. NGAGEBCO )
5 Numero minimo de focos 1 L IS 3 9, { ¢ MAto|Grosso ot (R ) ; R LA
umgro medio de focos 7; -_1 A f.{\ ) nd J“‘\ J :ﬁ“‘} . }I ’ ,f ~\:-" . :‘ - Do VAN E
28 K ' o o  * ’ 0 g 3 . A LY ) - L - B . <«
3 : ; = L ™/ %00 1. % y N e . S >
TR | ‘ s, : 2 .y : - I . - 1' : .
p \ > o v FE S v -
. AT T ! A T 'y . ¢ ,
" ! - » £ .‘ ’ . L ;



Concentracgao de

Balbina
2E Oct 98 — Feb 05
I n e Eo 20F mCoarse Mode
Aerossol na Amazonia ¢ | = Fine Mode
an 15F
l
escalas! H S 10f ' ' l
s A @ | : 14 | |
-l 1
hatd pouca Inﬂl’IénCIa de aerOSSéIS de 0}1 o VA ST 7V | S SN (R T I ] | 1| ¢ O o T | .1
qu eimad a; 1999 2000 2001 2002 2003 2004 2005
Date
— PMy ~11lpg/m3, com PM,; S

variando entre 2ug/m?3 (chuvosa) - Alta Floresta
3 o Aug 92 — Feb 05
e 4ug/m?3 (seca); -

Sitio Alta Floresta:

— localizada = em  regiao de

- (¥}
= T = |
e @

Mass Loading (ug m™)
W
=
=3

= 200F

EAAY b

— PM, variando entre 9 e 12pg/m? 05— b .L"' slu' I:MI !Iaulllh . IhM I.l..al..zu ."'J. -
(chuvosa) e 300-600ug/m?3 (seca); | 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

. | Dat
— Picos de PM ocorrem durante o -e

ultimo bimestre do ano; Santarem |
4 C Mar 00 — Jan 05 |
Santarém: oF ‘ |
~ PM,, sobe de '~ ~10pg/m® 2 | " I | |
(chuvosa) para ~40ug/m?3 (seca);/ : ‘ |
— Picos de PM no 32 bimestre; i“ " ' W Ml WI |
: |

L1 1 1 1 L 1 1 | : L 1 | 1 1 | | L 1 ! |

|
2001 2002 2003 2004 2005‘

Date

[\ - v
(=3 (=] (=] (=
T T T

Mass Loading (ug m™)

—
=
T

=




Aerossois da Amazonia )
Particulas blogenlcas grossas
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Aerossoéis da Amazodnia
Queimadas

R I TTT—.

Amaze-08:

dominio de particulas da
moda grossa relacionadas
com emissdes  primarias
possivelmente ‘encapsuladas’
por material secundario;

Em Rondbnia (época de

queimadas!!):

— grande guantidade de
particulas na moda de

acumulacao;

— Ainda se verifica distribuicao
similar de particulas grossas a
obtida em Amaze-08.



Aerossois da Amazonia
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Distribuicao de numero
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i MOda de Altken Pa)AtypicaI particle number-diameter distribution observed for natural

© conditions in central Amazonia during the Cooperative LBA Airborne
acumu |ag50: | Regional Experiment (CLAIRE-98). Whole-campaign histograms of (b)
4 Aitken, (c) accumulation-mode, and (d) total particle number

e
~70

et al. [2002].

L concentrations. Natural conditions mostly prevailed. Adapted from Zhou
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Aerossois Marinhos




O Oceano
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E o principal componente da superficie do planeta
(¥70% da superficie terrestre); |

Metade de seus 361mi km? possuem profundidades
maiores que 3000m;

O oceano participa intensamente dos ciclos
biogeoquimicos; |

Conectado com a atmosfera sendo fonte e
sumidouro de espécies quimicas; |
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O Oceano — Aerossois
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A producao de aerossol ‘sea salt’ (SSA) ocorre pelo
colapso de bolhas de ar resultantes da friccao do ar
devido a ‘wind stress’;

Nesses colapsos de bolhas de ar sao produzidos
‘film’ e ‘jet drops’;

Ondas de 3 a 4m/s ja sdo suficientes para que isso
0COrra;

Em velocidades de 7-11m/s ja sdao observadas
injecoes na camada limite marinha de ‘ultra-large
spume sea-salt particles’;



O Oceano — Aerossois
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‘Sea Spray Aerosol” (SSA) representa a maior fonte
global de aerossol; |

Ndo emite somente os famosos NaCl (PM,.,,) e
DMS oxidado que reage na atmosfera e se torna
Sulfato (PM, ), mas muitos outros sais inorgdnicos
e espécies organicas produzidas por seres vivos: |
— Ecossistemas planctonicos na superficie do oceano

formam particulas de aerossois primarios e precursores
gas0sos; |

Estudos recentes mostraram que a concentracao de
matéria organica mostra grande variacao sazonal,
dominando - a fracao sub-micromeétrica durante
periodos de alta atividade biologica.
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Aerossois Marinhos
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i
DOM: Dissolved Organic Matter
INP: Ice Nuclei Particle

Bubbles entrained
by breaking waves

o

4

Bubbk- bursting

O Scavenging of
organic matter on

- bubble surface

Air bubble




Aerossois Marinhos — Interacao com a
“atmosfera

From ocean to clouds, the
paradigm of chemistry:

sucure J conpostion |

is fundamentally governed by

Direct & < properties of the chemical
°© o ° interaction with & S 8 components:
o solar radiation & &° S S
5 Y £ § E «  Surface tension
° i & s 8 *+  Reactivity
§ \\8 E % » Water uptake (hygroscopicity)
® o= * Interfacial molecular orientation
g o o' o * Dielectric constant
L o O; H,SO, 5§ . pKa
< = e ; o 0° ° (#) . pH
3 Plg;:ry 29 O o SSA aging . 0 gl *  Kinetic dissolution
O S .0 6 + Heterogeneous freezing
‘ ° ° HNO, OH' 0, * Optical absorption/reflectance
o Secondary » Vapor pressure
Gas-phase
Bl SSA emission through (Aged) SSA
bubble bursting

e Rt T

Acc. Chem. Res., 2017, 50 (3), pp 599-604 DOI: 10.1021/acs.accounts.6b00603
Cochran et al., Sea Spray Aerosol: The Chemical Link between the Oceans, Atmosphere, and Climate




~ O Oceano — Aerossois
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NP ~0,005um Nucleagdo Acumulacio

0,02 - 0, 1 0,2um
0,03um
104

* A geragdo de aerossol o | / / wranst |
por processos | | """"
mecanicos resulta em & | 1

" PO 5 10 'J%%'

particulas de aerossois . 2 | . ows N

H } 102 FSEP & OAP T’;
variando entre 0,1 e - L
100um enquanto que a e e e e e

(8 , - j (a) Radius (pm)
conversao gas-particula S
V4 l D"r
produz particulas’ ! oy
nanomeétricas; 2% Wl e
| Ng 100 b 'ﬁ"-“‘ﬂ‘ ' 1

* O espectro de aerossol . & | -°
marinho, normalmente e . ,
ultrapassa 5 ordens de e e e e e s
grandeza (b) Radius {pm)

U Fige 1 {a) Typical Marth East Atlantic maritirme aumber distribution. (b) Typical Morth East Atlantic

maritime surface area distiibotion

O’Dowd, C.D. et al., 1995, Marine aerosol, sea-salt, and the
marine sulphur cycle: a short review



Aerossois Marinhos
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ooy Atmospheric Environment ATELED
¥ - ': X Volume 44, Issue 5, February 2010, Pages 670-677 -
ELSEVIER

' Global scale emission and distribution of sea-

spray aerosol: Sea-salt and organic enrichment

E. Vignati 2 2 & M.C. Facchini 2, M. Rinaldi ®, C. Scannell © D. Ceburnis &, J. Sciare 9 M.
Kanakidou &, 5. Myriokefalitakis ®, F. Dentener @, C.D. O'Dowd ©




O Oceano — Emissodes estimadas por
modelo

The TM5 model is an off-line global transport chemistry model

For computational reasons the calculations were performed at 6° x 4°,
However surface processes relating to for example the quantification
of sea spray were calculated at a higher global resolution of 1° x 1°;

In the current version, the model has a vertical resolution of 25 layers
up to 0 hPa, defined in a hybrid sigma-pressure coordinate system with
a higher resolution in the boundary layer and around the tropopause.
The height of the first layer is approximately 50 m;

TM5 has been run a) with primary (land and marine) insoluble sources
only (S1) for the model evaluation with the observed insoluble organic
values, b) with all primary, soluble and insoluble, fossil, bio-fuel,
biomass burning and marine sources (S2), and c) with primary sources,
but excluding the marine sources (S3) for the analysis of the impacts;



O Oceano — Emissodes estimadas por
modelo

Emissao global de matéria organica marinha
primaria é estimada em 5,8TgC/ano;

A fonte marinha €& aproximadamente 17% da
soma das fontes de combustiveis fosseis e
biologicos e queima de biomassa;

Moda grossa: 17,2Tg/ano;

Estimou-se que a soma de wet e dry deposition
retire da atmosfera 8,2Tg/ano;



O Oceano — Distribuicao Geografica

Primary Marine Organic Aerosols Sea salt mass accumulation mode

N [
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30N | @R 30N
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S
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Fig. 1. Annual mean surface concentrations Fig. 2. Annual average surface concentrations of
. . 1 2 _3
of modelled primary marine POM (ug m3). sea salt mass in accumulation mode (ug m=).

* POM: Influéncia da velocidade do vento e da atividade
biologica;
e Sea Salt: influéncia do impacto do vento no oceano;



Luzes das cidades podem ser vistas nesta montagem de imagens da Terra a noite, fotografadas por
satélites da NASA, agéncia do programa espacial dos Estados Unidos.



https://pt.wikipedia.org/wiki/Luz
https://pt.wikipedia.org/wiki/Terra
https://pt.wikipedia.org/wiki/Noite
https://pt.wikipedia.org/wiki/Fotografia
https://pt.wikipedia.org/wiki/Sat%C3%A9lite_artificial
https://pt.wikipedia.org/wiki/NASA
https://pt.wikipedia.org/wiki/Estados_Unidos
https://pt.wikipedia.org/wiki/Estados_Unidos
https://pt.wikipedia.org/wiki/Estados_Unidos
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Population density (people per km?) map of the world in 1994. In relation to the
equator it is seen that the vast majority of the human population lives in the
Northern Hemisphere. (Wikipedia)

(7,



https://en.wikipedia.org/wiki/Northern_Hemisphere

B As C|dades .

' A ONU estima que, até 2030, 9% da populagao
esteja morando em megaudades (aquelas com *

de todo o hemisfério sul com ~12mi de
habitantes e ~7mi de veiculos (IBGE);
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Co HC NOx MP10 SOX

m Veic. Leves m Veic. Pesados Motos Proc. Industrial
[ M Ressuspensao Aerossol Sec. Base de Combustivel
o Figura 1-7 — Estimativas de emissdo relativa dos diversos poluentes por tipos de fontes. Sio
X consideradas emissdes de veiculos leves e pesados. bem como motocicletas. processos
mndustriais. ressuspensdo de solo, formacdo de aerossol orgdnico secundario e finalmente
. cmissodes de bases distribuidoras de combustiveis liquidos. Fonte: (CETESB. 2012).
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Composicio elementar media na fracio fina

MaMsz Al 51 P 5 Cl K Ca Ti ¥V CrMn Fe NI Cu Zn As Se Br Rb 5r Pb

Figura 4-9 Concentragoes elementares meédias identificadas na moda fina em IBP, IFP e F5P por
XFF. Grafico em escala logaritmica.
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Ibirapuera 7 IFUSP Cergueira ('ésr

Componente o4 o Lo ] 0 G
Aerossol Orgamce (OM) 42 15 5B 31 45 14
EC 16 7 27 20 22 Q
Amoma 7.4 54 2 4 79 46
Witrato 09 0.8 13 0.7 1.1 0.7
Sulfato 23 13 24 11 22 10
Aeroszol Marinho 1.5 1.0 1.6 1.0 1.5 1.1
Poeira de Solo 12 7 11 4 13 5
Elementos Traco 13 1.2 14 1.2 1.5 11
Soma 104 50 132 72 114 45

Tabela 4-7- Atnbuigdo percentual média da massa gravimétnica aos diferentes tipos de aerossol
para o matenal particulado fino nas estacdes Ibirapuera, IFUSP e Cerqueira Ceésar, onde o € o
desvio padrao associado.

Ibirapuera IFUSP Cergueira Ceésar
Componente L0 T L0 G 0 G
EBC 21 Q.7 24 0.8 26 0.8
Amonia 0.4 0.6 0.4 0.5 0.5 0.5
Nitrato io 23 5.7 32 4.7 25
Sulfato 4.6 3.2 5.8 27 5.8 27
Aerossol Marinho 28 39 36 43 32 30
Sem componente | poeira de Solo 38 17 39 7 40 6
orgé nical Elementos Traco 25 0.9 24 0.9 27 0.9
—y Soma 34 29 59 19 59 17

"y
ne

0 * e
2 '. Tabela 4-8- Atnbuigdo percentunal meédia da massa gravimeétnica aos diferentes fipos de aerossol
o para o matenal particulade grosso nas estagdes Ibirapuera, IFUSP e Cerqueira César, onde ¢ € o

d . - .
desvio padrao associado.
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..........

Estacao Emissoes Sulfato +  Ressuspensio Aerossol Aerossol Org
/ amostradora | Veiculares Industrias de Solo Marinho Secundario
|| Ihirapuera 67% 15% 9% 4% 5%
IFUSP 63% 18% 7% 5% 7%
" : - .
S C. Cesar 60% 21% 12% 3% 2%
Media 63% 18%% 0% 5% S0
o

Tabela 5-4 — Compilacdo geral dos resultados obtidos para a atnibuigcio de fontes de PM; s nas

£/ estagies amostradoras do Ibirapuera, IFUSP e Cerqueira César.



Os aerossois urbanos — ldentificacao

2.10 ng m~ (20%)

)

. 1.00 ng m= (9%)

B Emissoes veiculares

I Aerossol orginico secunddrio
[ ] Aerossol marinho

[ Solo

6.63 ng m~ (62%)
B Emissoes Industriais/Sulfato
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ges IFUSP. Cerqueira César ¢ Ibirapuera.
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Distribuicao de Tamanho
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Algumas classmcagoes gerals
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Algumas classificacoes gerais
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Algumas classmcagoes gerals
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Figura 1-6 - A deposigao de particulas no trato respiratorio humano. Adaptada de Oberdoester

(2005).




Algumas classmcagoes gerals
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Figura 1-6 - A deposigao de particulas no trato respiratorio humano. Adaptada de Oberdoester

(2005).







O Oceano — Aerossois e nuvens



(North Island)
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O Oceano — Aerossois e nuvens

el e —— — ~ —— - —— —— ——v v Ve w7

e Se o0 aerossol sera ou nao nucleo de
condensacao depende de seu tamanho e
composicao;



| » Composicao quimica;

Propriedades Fisicas;
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Concentragao I\/Iassma do aerossol e suas|
componentes: PM,:, PM,.,, TSP, Aerossol f
Carbonaceo (black carbon (BC), carbono §
organico); |
Poeira Mineral: Fe, Si, Al, Ti, etc;
Sal Marinho: Na, Cl, DMS, SOA;
Processos de combustao/industriais: BC, metais
industriais(Pb Ni Zn etc)
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