lla"para a disciplina de Fisica Atnsférica

Aadee Araujo Birger M 4

Foto: https://pixabay.com/en/smoke-chimney-exhaust-sunset-3002404/



Grandes emissdes antropicas que
influenciam no clima

— Uso de petroéleo para transporte;

— Geracao de energia atraves de termoelétricas;
— Mudanca de uso do solo;

— Dentre outros;



gue influenciam
a

porte;

g de termoelétricas:

’_‘\.1 "_- --_.-"‘ R AU

— Mudanca de uso do

Superior: Emissao de escapamento (foto de Simone Ramella, 2005, CC)
Inferior: Avido levantando voo (fonte: https://www.tiredearth.com/90148532767635)



Grandes emissdes antropicas que
influenciam no clima

— Uso de petroéleo para transporte;

— Geracao de energia atraves de termoelétricas;
— Aquecimento de alimentos;

— Mudanca de uso do solo;



hdegs emigsoes antro

Emissoes da termelétrica de Janschwalde, Alemanha
(foto n-tv, CC)



Grandes emissdes antropicas que
influenciam no clima

— Uso de petroéleo para transporte;

— Geracao de energia atraves de termoelétricas;
— Mudanca de uso do solo;

— Dentre outros...



© Rogeério Assis / Greenpeace

Queimada na Amazonia (foto de Rogério Assis, 2016)




Grandes emissdes antropicas que
influenciam no clima

— Uso de petroéleo para transporte;

— Geracao de energia atraves de termoelétricas;
— Mudanca de uso do solo;

— Dentre outros...



Mas quando foi que essas emissoes
tornaram-se influentes no clima??

Old Stone Coldest period First
Age of last civilizations
begins ice age emerge
First l

evidence New Stone Age

of Paleolithic begins/Neolithic
religious agricultural
beliefs revolution

%ooo % M B B % b
B.C.

http://apworldhistory2012-2013.weebly.com/114-economic-structures.html o



Surge o homem: periodo paleolitico

* Os registros mais antigos de seres humanos
modernos datam de ~180mil anos atras.

Fragmento de mandibula encontrado na caverna Misliya tem tamanho compativel com a de
humanos modernos | Foto: Israel Hershkovitz, Tel Aviv Uni
http://www.bbc.com/portuguese/geral-42813116 10



Surge o Homem

* Os fosseis mais antigos de seres humanos
modernos datam de ~180mil anos atras.

Artefato de pedra, supostamente um
machado utilizado ha 100mil anos atras.

Machado de m3o encontrado na india

http://humanorigins.si.edu/evidence/behavior/stone-tools/early-stone-age-tools/
handaxe-india

11



O homem no periodo neolitico

* Compreende o periodo de ~10.000AC até
~4.500AC;

* Ocorre a “Revolucao Neolitica”: mudanca de
um estilo de vida de caca para a agricultura
em acampamentos fixos;

* Levou a formacao de vilas, cidades e outras
formas de comunidades;



O homem no periodo neolitico
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Fig. 1. Archaeological map of agricultural homelands and spreads of Neolithic/Formative cultures, with approximate

radiocarbon dates.
Farmers and Their Languages: The First Expansions
13

By Jared Diamond, Peter Bellwood
Science25 Apr 2003 : 597-603



Estima-se que foi ha 8000 anos atras!

* Segundo William F Ruddiman, em artigo
publicado em 2003, a influéncia humana nas
mudancas climaticas inicia-se ha
aproximadamente 8.000 anos;

* Ruddiman diz que as atividades humanas
ligadas a agricultura — desmatamento e
irrigacao de lavouras — lancaram na
atmosfera CO2 e CH4 extras na atmosfera;
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O homem pré-revolucao industrial

* Producao limitada de
itens;

* Maioria da populacao
vivendo em vilas;

e Economia baseada na
subsisténcia e na
agricultura;

17



Os primeiros registros de poluicao
* Em ~1.100, o médico Moses Maimonedes ja
identificava a importancia da qualidade do ar
para a saude:



Os primeiros registros de poluicao
* Em ~1.100, o médico Moses Maimonedes ja
identificava a importancia da qualidade do ar
para a saude:

Traducao livre pelo autor: “Comparando o ar das cidades
com o ar dos desertos e lugares aridos € como comparar
agua suja e turbida com agua pura. Na cidade, por conta
da altura dos prédios, ruas estreitas e seus fronteiras... O

ar torna-se estagnado, escuro, esfumacado... Se nao ha
outra alternativa para nés, que nascemos e estamos
acostumados a cidades,... Que selecionem-se cidades com
horizontes amplos....”

19



Os primeiros registros de poluicao
* Em ~1.100, o médico Moses Maimonedes ja

identificava a importancia da qualidade do ar
para a saude:

CONTINUACAO
“...Se o ar é alterado, o estado psicologico (das

pessoas) sera notoriamente alterado. Entao vocé
encontrara homens com dificuldades em suas acoes
psiquicas, que tem falha na inteligéncia e defeitos

de memoria.”
Moses Maimonedes (1135-1204)

Andrade, M.F. Poluicdo Atmosférica
http://web.ccead.puc-rio.br/condigital/mvsl/Sala%20de%20Leitura/conteudos/ -

SL_poluicao_atmosferica.pdf



1661 - Um dos primeiros trabalhos sobre poluicao do ar por
John Evelyn

ST LUMIFUGIUM: ° Produgdo de “quicklime”

| o para a construcao realizado
The Inconveniencic of the AER » atraveés da queima de
AND . .
SMOAK of LONDON limestone utilizando-se do
DISSIPATED. carvalho como combustivel;

s 7 R L * Este processo libera gases
S humbly organicos, oxido nitroso,
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1661 - Um dos primeiros trabalhos sobre poluicao do ar por
John Evelyn

e para a construgao realizado

he Inconveniencic of the AER

“Smoake which obscures the Church and makes our
Palaces look old, which fouls our Cloth and corrupts the
Waters, so as the very Rain, and refreshing Dews wichi

fall in the several Seasons, precipitate to impure
vapour, which, with its black and tenacious quality,
spots and contaminates whatever is exposed to it....”

* John propde que industrias

i fa mais poluidoras sejam
T AR FEILE Andrade, M.F. Poluigdo Atmosférica
2db r', e, 07{‘1) Oﬁ’ d Theiic http://web.ccead.puc-rio.br/condigital/mvsl/Sala%20de%20Leitura/conteudos/
are o ’“{ “‘&9 by o S LAL el SL_poluicao_atmosferica.pdf
R e B ateh: AGddle Temple ¢
sfone-Sar, M. 1 ) 13

i




1661 - Um dos primeiros trabalhos sobre poluicao do ar por
John Evelyn

*"'IFUGIU‘M ~* Producao de “quicklime”

para a construgao realizado

'_"a n f'nvcmcucxc of the AER '~

“...Some have attributed this amazing desctruction to luxury and
the abuse of Spirituous Liquors: These, no doubt, are powerful
assistants; but the constant and unremitting Poison is
communicated by the foul Air, wich, as the Town still grows
larger, has made regular and steady advances in its fatal

influence.”
John Evelyn (1620-1706)

* John propde que industrias
et fucle mais poluidoras sejam
o EOXDO relocadas fora das cidades;

g w&‘mﬁi&ﬁrzgﬁ, 23




A revolucao industrial

e Possibilitou o crescimento de cidades;
e Método Artesanal -> producao por maquinas;

e Substituicao da madeira e outros
biocombustiveis por carvao;




Consequéncias da Revolucao Industrial

* Criacao de grandes empresas;

 Aumento da producao de mercadorias em menos tempo;
* Avancos nos sistemas de transportes a vapor;

 Exodo rural devido a criacdo de empregos em cidades;

O arfoise tornando cada vez mais poluido e a influéncia do
homem no clima foi se tornando cada vez mais intensa.



... 0 hosso mundo atual

Atmospheric

Figure: Major natural and anthropogenic processes and influences on the
climate system addressed in scenarios.

https://www.gfdl.noaa.gov/earth-system-model/



Os gases de efeito estufa
(GEE)

Barb Deluisi, NOAA
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As emissoes antropicas de GEE

CO,: emitido por queima de combustivel fossil e
desmatamento; ~75% do aquecimento antropico
devido a gases de efeito estufa;

CH,: relacionado com emissdes da agricultura,
extracao de combustivel fossil, decaimento de matéria
organica; ~14% do impacto no aguecimento;

N,O: emitido pela agricultura e processos industriais;
~8% do impacto no aquecimento;

Gases Fluorados: emitido por processos industriais;
~1% do aquecimento antropico. Substancias
impactantes para a camada de ozonio.

https://www.epa.gov/ghgemissions/overview-greenhouse-gases



Global anthropogenic GHG emissions
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[ CO; from fossil fuel use and other sources [ CO; from deforestation, decay and peat

[ CH: from agnculture, wasle and energy B N0 from agnculture and others

B F-gases

F-gases
N,O
b) 79% 1%
CH,
14.3%
CO, fossil
fuel use
co, 56.6%
(deforestation,
decay of
biomass, etc)
17.3% CO, (other)
2.8% Waste and wastewater
c)
Agriculture

(a) Global annual emissions of anthropogenic GHGs from 1970 to 2004. (b) Share of
different anthropogenic GHGs in total emissions in 2004 in terms of CO,-eq. (c) Share of
different sectors in total anthropogenic GHG emissions in 2004 in terms of CO,-eq.

(Forestry includes deforestation.)
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https://www.ipcc.ch/publications_and_data/ar4/syr/en/mains2-1.html



Os aerossois

AR

a
< o , * °ty Meteoritic Dust

Mesosphere

Stratosphere

Troposphere

Surface

https://www.pnnl.gov/atmospheric/research/aci/aci_aerosol_formation.stm
31



EmissOes de aerossol

e Aerossois relacionados com emissoes marinhas e

poeira sao os tipos de aerossol mais abundantes.
Particulas grandes;

* Estima-se que 10% do aerossois sejam
relacionados com emissdes antropogénicas;

— Dominam o ar vento abaixo de areas urbanas e
industriais;

These scanning electron
y microscope images (not at the
' same scale) show the wide

variety of aerosol shapes. From
w3 |eft to right: volcanic ash, pollen,
. PR~ <‘ sea salt, and soot. [Micrographs
B ‘5 g Pec: :‘ courtesy USGS, UMBC (Chere
@ : &) ® __ Petty), and Arizona State

P8 inf University (Peter Buseck%.z]




A influéncia do aerossol antropogénico
no clima

;vm‘:-"iﬂ;_: :
ozone depletion

Contrail and

cirrus formation Direct Indirect

Aicraft  climate climate

E—— e - effect
Secondary aerosol AN . 4
formation and growth

- _

ce position

P = = o - -

—— i —————— - -
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Dark aerosols dramatically change the reflectivity of the Earth’s surface when they land
on snow. Black ash covered the summit of New Zealand’s Mount Ruapehu after an
eruption in 2007, but was soon covered by fresh snow. Long-term accumulation of black
carbon aerosols in the Arctic and Himalaya is leading to increased melting of snow.

(Photograph ©2007, New Zealand GeoNet.) 34




Clouds in clean air are composed of a relatively small number of large droplets
(left). As a consequence, the clouds are somewhat dark and translucent. In air with
high concentrations of aerosols, water can easily condense on the particles,
creating a large number of small droplets (right). These clouds are dense, very
reflective, and bright white. This influence of aerosols on clouds is called the
“indirect effect,” and is a large source of uncertainty in projections of climate
change. (NASA image by Robert Simmon.)

35
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Aerosol Optical Thickness S

0 0.1 0.2 0.3 0.4 0.5 fine

This map shows the global distribution of aerosols and the proportion of those aerosols
that are large or small. Intense colors indicate a thick layer of aerosols. Yellow areas are
predominantly coarse particles, like dust, and red areas are mainly fine aerosols, like
smoke or pollution. Gray indicates areas with no data. (NASA map by Robert Simmon,,
based on MODIS data from NASA Earth Observations.)




Surface Cooling

Black Carbon Forcing (Watts/m?)

-20-12 -6 -3

-1

0

3 6 12 20

Black carbon aerosols,
similar to the sootin a
chimney, absorb sunlight
rather than reflecting it. This
warms the layer of the
atmosphere carrying the
black carbon, but also
shades and cools the surface
below. (Maps adapted from
Chung, 2005
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Radiative Forcing Caused by Human Activities Since 1750

( Carbon dioxide I
o eese ] Methane —
greenhouse - — —
(negative radiative forcing is because

g gases Halogenated gases _ some of these gases destroy ozone)
= _ Nitrous oxide '1
.; ) I
- < Short-lived gases that create
c ozone or create or destroy Iq
o

other greenhouse gases .
£
2 =
S Aerosols (solid or liquid particles) —4— black carbon (soot)

Changes in clouds due to aerosols I—-

1
Change in albedo* due to land use I-. *reflectiveness of Earth’s surface

Change in energy from the sun

Natural
v

Net total due to human activities _
0o 1 2

1
Forcante Radiativa no topo < >

da atmosfera Cooling Warming

Radiative forcing (watts per square meter)

Data source: IPCC (Intergovernmental Panel onClimate Change). 2013. Climate change 2013: The physical science basis. Working
Group | contribution to the IPCC Fifth Assessment Report. Cambridge, United Kingdom: Cambridge University Press.
www.ipcc.ch/report/ar5/wgl.

For more information, visit U.S. EPA’s “Climate Change Indicators in the United States” at www.epa.gov/climate-indicators. 39



Concentration of particulate matter with an aerodynamic diameter of 2.5 pm or less (PM2.5)
in nearly 3000 urban areas*, 2008-2015
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Estudo realizado em Sao Paulo

2.10 ng m> (20%)

72 pg m? (79%) Santos Junior,
025 ug m (2%) DjaFIn}O,
. Emissoes

1.00 pg m~ (9%) Veiculares em

Sao Paulo, 2015

I . missoes veiculares

I Aerossol orginico secundério
[1 Aerossol marinho

Solo

I Emissoes Tndustriais/Sulfato

6.63 ug m~ (62%0)

Figura 5-4 Atribuicdo final de fontes do material particulado fino para o conjunto de dados das

estacdes IFUSP. Cerqueira César ¢ Ibirapuera.

* Grande centro com ~12mi de habitantes;

* Concentracdo média de Material Particulado de ~11ug/m?

— ~80% de fontes diretamente antropicas: emissdes industriais e emissdes

veiculares. 41



Algumas evidéncias da influéncia humana

Primary sources of BC emissions and the processes that control the distribution of BC in the atmosphere and

FIGURE 1

MAJOR IMPACTS

its role in the climate system.
_hu/m{ Ice cloud effects: warming or cooling
Scattered solar = from BC nucleation effects
radiation
Aerosol loftis .
by convection Ny Clouds scavenge particles,
BC direct absorption of incoming and scattered Mixed-phase cloud effects: be_come. 5°9ty' redu;e
_ solar radiation leading to atmospheric warming Net warming from reflection B dim |Ight coming to
Liquid cloud effects: Net coolin and dimming of the surface BC nucleation effects Earth’s surface
o eidnect effect v Vertical advection
E— ( D Atmospheric
concentrations Poorer visibility, haze
BC scavening and wet Surface deposition of BC
removal by precipitation by rain and snow
Adverse impacts on
. »
{L. g b 4 human health
Particles |
with O1GaNIES, SUlates and g, suspendedin | Particles absorb solar
Surface warming by atmosphere ‘ energy and convert it to
BCdapashlon to miHateude “ heat contributing to global
| warming
‘,/‘“‘“ fy - .
/ Shift in hydrological
. atterns of rainfall
Particles P
o s 0w deposited on
and seaice plants and
) land surfaces Reduce albedo effect
Off-road 15)sY .
o ‘% \ of snow and ice
Agricultural buming @ ar ‘\ \
Open buming .
(savannas and " Sooty mountains absorb
) - " heat and enhance ice and
Depositions show melt
! ' Industrial emissions \
Residential S Reduce crop produc-
cooking and heating I — tivity and health of
ecosystems
SOURCES OF BLACK CARBON AEROSOL AND CO-EMITTED SPECIES Y
Source: Based on U.S. EPA, 2012 and Bond et al., 2013.
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PARTS PER MILLION

Atmospheric CO, at Mauna Loa Observatory

I * I 4 1 . I

Scripps Institution of Oceanography
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https://www.esrl.noaa.gov/gmd/ccgg/trends/
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observed A"C (permil)

Clean Air Measurements at Niwot Ridge, Colorado
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(d)os

- Observations
—  Anthropogenic + naltural

0.6 Natural ‘/
O o3 M‘”‘u\ ‘w
W A .
0.0 V\’“, *‘ ; - |
0.3 -

1900 1920 1940 1960 1980

Meehl., G.A. Combinations of Natural and Anthropogenic Forcings in Twentieth-Century
Climate, 2004
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Q: How have the IPCC reports changed through time?

(1990-2013)

B Armount of Human-caused Warming

O O - - =
— < = @ D
1990 1995 2001 2007 2013
The report did not *The balance of Human-emitted Human-emitted Human-emitted

quantify the human
contribution to global
warming.

evidence suggests
a discernible
human influence
on climate.”

greenhouse gases
are likely (67-902¢
chance) responsible
for more than half of
Earth’s temperature
increase since 1951.

greenhouse gases
are very likely (at
least 90% chance)
responsible for
more than half of
Earth’s temperature
increase since 1951,

greenhouse gases
are extremely likely
(at least 95%¢
chance) responsible
for more than half of
Earth’s temperature
increase since 1951.

YERNNENTAL PANEL ON

climate change

Nobel Peace Prize
Winner, 2007
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Obrigado!!!!
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Black Carbon (BC) Aerosol Processes in the Climate System

Aircraft emissions oo =

Ice cloud effects: warming or cooling
from BC nucleation effects

%y @'e =

or | -5 Aerosol lofting
Scattered solar (O] O %@ !
radiation O;’e X Al o\ Eoegs @'(@ Byicenvecton
Sofs Wsg, > TS 82
b 9. ra:.' Ption of incoming aos\’“ece Mixed-phase cloud effects:
i~ O, i ation Jeading to aﬂ‘; ot Net warming fromBC ™
CLiquid cloud effects: Net cooling and dimming 0 il
from BC albedo, lifetime, and - -
semi-direct effects -
S neeeil Vertical advection ﬁ Q)
and mixing
BC scavenging and <
wet removal by precipitation Surface deposition % o »
of BC by rain * ¥ ¢ A
Intercontinental and regional transport of internally andsnowlcoR ey v

and externally mixed BC-containing particles

. internal mixing W"T ordanics, SUlfate
cess\“s' and aerosols - f o8 IS,
e -, R . o~ Surface warming
erosol ages - : . by BC depositionto |

= mid-latitude snow and ...

Open burning X.3
(savannas On-road cars

and forest and trucks

... to polar snow
and sea ice

Agricultural
burning

Residential
cooking
and
“ heating

~— Ship emissions ~—
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Poluentes e fontes

 Emissao de diferentes tipos de aerossois de
acordo com a fonte:

Componente/Elemento

Combustivel Féssil para
transporte e energia

Combustivel féssil e combustao de metal
para processos industriais

Black Carbon C X X

Organic Matter C,OH,N X

Amonia NH4 X

Sdédio Na X

Calcio Ca X

Magnésio Mg X

Potassio K X

Sulfato S04 X X

Nitrato NO3 X

Cléro Cl X

Silicio Si X X

Aluminio Al X X

Ferro Fe X X

Oxidos de Nitrogénio NOx X X

Compostos Organicos Volateis cov X X
"Persistent Organic Pollutants" POP X

U




* O CO, contribuiu para a mudanga climatica
mais que qualquer outro agente entre 1750 e
2011;

e Apesar de existirem outros gases com maior
potencial de reter calor, eles estao em
concentracdes bem menores;

* Ao inserir CO, na atmosfera 40% das emissoes

permanecerao na atmosfera por 100 anos,
20% apos 1.000 anos e 10% apos 10.000 anos;



A busca pela regulamentacao de
emissoes

e Até 1940 poucas leis controlavam a emissao
de poluentes;

* Dificuldades para relacionar poluicao e
problemas de saude;

* Entre 1940 e 1960, apos eventos de fog com
mortes é que os governos do EUA e Inglaterra
resolveram instituir a regulacao de emissao;



As cidades

Consideradas como os motores do crescimento econOmico
no mundo (Storper, 2013);

Cobrem apenas 2% da superficie terrestre e consomem
75% das fontes materiais (UNEP, 2013);

Em 2014 54% da populacao se encontrava em cidades
(WHO);

Crescimento populacional é suportado pela energia de
combustiveis fosseis que fornece forca e tecnologia para
gue as pessoas tenham comida, casa, e vestimentas
(Zalesiwicz, 2011);



World population growth, 1750-2100

Annual growth rate of the world population
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Data sources: Up to 2015 OurWorldInData series based on UN and HYDE. Projections for 2015 to 2100: UN Population Division (2015) — Medium Variant.
The data visualization is taken from OurWorldinData.org. There you find the raw data and more visualizations on this topic. Licensed under CC-BY-SA by the author Max Roser.
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Data sources: Up to 2015 OurWorldinData series based on UN and HYDE. Projections for 2015 to 2100: UN Population Division (2015) — Medium Variant.
The data visualization is taken from OurWorldinData.org. There you find the raw data and more visualizations on this topic. Licensed under CC-BY-SA by the author Max Roser.
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A necessidade de regulamentacao de
emissoes

* Fornos e caldeiras que utilizavam carvao se
espalham para EUA, Belgica, Alemanha, Russia,
Jap3o, india, Africa do Sul dentre outros paises:

— A utilizacao do carvao aumenta em 100x neste
periodo;

* Em 1843 é criado um comité em Londres para
obter informacoes sobre a poluicao gerada por
fornos e caldeiras;

* ApOs rejeitas alguns projetos de lei, em 1845 é

criada uma regulamentacao para a reducao
‘smoke emissions’ de fornos e caldeiras;



Temperature Anomaly { C)

—— Record Years




Os smogs londrinos

* Em 1905 o termo ‘smog’ é introduzido por Harold
Antoine Des Voeux, membro da “Coal Smoke
Abatement Society in London”;

* Na época os smogs eram gerados através da
gueima de carvao e outros materiais brutos;

* Atualmente o termo Smog Londrino é utilizado
para a fumaca resultante da combustao na

presenca de fog ou LOW LIYNG TEMPRATURE
INVERSION
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* Nas primeiras cidades, a poluicao era sentida
pelo cheiro;

— Aristoteles sugere que ‘mature’ devem estar
localizados fora da cidade;

ACTA CLIMATOLOGICA ET CHOROLOGICA
Universitatis Szegediensis, Tom. 36-37, 2003, 5-15.

ANTHROPOGENIC AIR POLLUTION IN THE ANCIENT TIMES

E. BORSOS'. L. MAKRA' R BECZI'. B. VITANYT and M. SZENTPETERT’

‘Department of Climatology and Landscape Ecology, University of Szeged, P.O.Box 633, 6701 Szeged, Hungary
E-mail: borsosemoke@kolozsvar.ro
‘“Beoc:.i‘ai Istvan Secondary and Technical School, Ondi ut 1, 3900 Szerencs, Hungary
“Teachers’ Training Institute, Juhasz Gyula Teachers’ Training Faculty,
University of Szeged; Hungary

59



