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Um sistema dinamico complexo: o sistema
climatico terrestre e suas interacoes
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Interagcoes das mudancas globais com as atividades humanas e processos naturais
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CO, atmosférico
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A atmosfera terrestre € MUITO fina...
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Balanco de radiacao terrestre
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(a) Mudancas
observadas na
temperatura global
da superficie desde
1850;

(b) Nivel meédio do
nivel do mar desde
1850

(c) Cobertura de
neve no hemisfério
Norte
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Difference (°C) from 1961-90

A temperatura esta aumentando cada vez mais rapido
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Aumento das temperaturas minimas em Campinas
Periodo de 1890 a 2006

18,00

17,00 -

16,00 +

Temperatura (oC)
= o
b3 S
/.
a-..L
=\

13,00 - 142 C

y =0,0225x + 14,179
R?=0,7469

12,00 +vrree

FESS S
anos

Fonte de Dados: |AC/SAA Ana Avila/CEPAGRI-UNICAMP

S P PFE O RN D D AN E S PP DD D
& F PP GV P 3 S S o SO




Aumento da temperatura superficial 2001-2007 (-C)
Periodo de referéncia: 1951-80
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Temperature anomaly (°C)
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“alor dos oceanos

Global Ocean Heat Content Chnage: Above 700 m, 3-Year Mean
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Aumento do vapor de agua na atmosfera

A capacidade da atmosfera reter vapor de agua aumenta
7% por aumento de 1 grau centigrado na temperatura:
Mais umidade disponivel para tempestades e aumento do

efelto estufa.
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A Precipitacao ja esta mudando significativamente em grandes areas.

Aumento

Smoothed annual anomalies for precipitation (%) over land from
1900 to 2005; other regions are dominated by variability.



~As secas estao aumentando em varias regioes

~

Decréscimo na chuva
em dreas tropicais e
subtropicais
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Indice de secas
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_ Severity Index
(PDSI)) para
1900 a 2002.

-3 I I 1 | I 1 T l T I I I I 1 I I 1 T 1 l 1
1900 1920 1940 1960 1980 2000




emplo da Europa
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Mudancas na circulacao atmosférica alteram
temperatura e precipitacao

Mudancas
diferenciais na
temperatura,
albedo e
evapotranspiracao
estao alterando a
circulacao
atmosfeérica global.

D 4
With higher than normal
atmospheric pressure over o
the central Atlantic, strong HIGHER
westerly winds push
warmth and precipitation
toward northern Europe.
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O aumento da incidéncia de furacdes esta ligada ao
aumento da temperatura superficial do mar

North Atlantic Hurricanes and Named Storms (1944-2006)
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andia 1978-2007
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Anthropogenic

Natural

do sistema climatico global

Total net
anthropogenic
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) ' ]
| |
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lativa direta dos
s modelos

Bellouin et al. (zoos)

Chung et al. (zoos)

Observation
based

Yu et al. (zoos)

GISS_1 (Liao and Seinfeld, 2008)
GISS_2 (Liao and Seinfeld, 2005)
LOA (Reddy and Boucher, 2004)

SPRINT (Takemura et al., 2005)

UIo-GCmMm
(Kirkewvag and Iversen, 2002)

GATORG (Jacobson, 2001a)

GISS (Hansen et al., 2005)

Models published since TAR

GISS (Koch, 2001)
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Aerosol species; 5,55,0C

Aerosol species: 5,55,0C,BC,ON

Estimates of the Cloud Albedo radiative forcing
due to aerosols from different models

Radiative Forcing from Cloud Albedo Effect

Hadley (Jones ef al.,, 2001)

Hadley (Wiliams et al., 2001b)

CSIRO (Rotstayn and Penner, 2001)
SISS (Menon ef al., 2002b)

CSIRO (Rotstayn and Liu, 2003)
LMDZ (Quaas ef al., 2004)
LMDZ/POLDER (Dufresne ef al,, 2005)

GFDL (Ming ef al., 2005b)

ECHAM (Lohmann ef afl.,, 2000)

PMNML (Ghan et afl., 2001)

NCAR-CCM (Chuang ef al., 2002)
NCAR-CCM (Kristjansson, 2002)
SPRINTARS (Suzuki ef al.,, 2004)
SPRINTARS (Takemura ef al., 2005)
GISS (Hansen ef al, 2005)

LMDZMCTRL (Quaas and Boucher, 2005)
LMDEZ/POLDER (Quaas and Boucher, 2005)
LMDZEZMNODIS (Quaas and Boucher, 2005)
UM_ctrl (Chen and Penner, 2005)

UM_ 1 (Chen and Penner, 2005)

UM_ 2 (Chen and Penner, 2005)

UM_ 3 (Chen and Penner, 2005)

UM_ <4 (Chen and Penner, 2005)

UM_ 5 (Chen and Penner, 2005)

UmM_ 6 (Chen and Penner, 2005)

LMDZ (Penner ef al. | 2008a)

Oslo (Penner ef al., 2008a)

CCSR (Penner ef al |, 2006a)
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Fisica adicional incorprada nos
sucessivos modelos climaticos globais

Mid-1970s | Mid-1980s

“Swamp” Ocean
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' Overturning— —— .
Rivers, Saerairtind Interactive Vegetation
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5 regionais de temperatura para
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Mudancas regionais no padrao de precipitacao para
o final do século, relativo a 2000 (em %)

Dezembro-Fevereiro Junho-Agosto

multi-model DJF multi-model

20 -10 -5 5 10 20

Devera haver aumento de precipitacao em algumas areas e
outras sofrerao reducao nataxa de precipitacao



Sea Level Future Projections
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Acidificacao dos oceanos

CO, e corrosivo ao esqueleto de
muitos organismos marinhos

Corais Plancton Calcario
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Tipping Point Definitions

1. Tipping Level

- Climate forcing (greenhouse gas amount)
reaches a point such that no additional
forcing is required for large climate
change and impacts

2. Point of No Return

- Climate system reaches a point with
unstoppable irreversible climate impacts
(irreversible on a practical time scale)
Example: disintegration of large ice sheet




Metricas para mudangas climaticas que
poderiam ser consideradas “perigosas”

Exterminacdo de animais € especies de plantas
1. Extincdo de espécies polares e alpinas
2. Migracoes nao sustentaveis

Desintegracao das grandes geleiras: Aumento do
nivel do mar

1. Mudancas regionais do nivel do mar sao dificeis
2. Tempo de resposta de derretimento

Alteracoes no clima reqgional
1. Aumento de eventos extremos
2. Alteracao no padrao de chuva




Tipping elements in the Earth’s climate system

Timothy M. Lenton*f, Hermann Held*, Elmar Kriegler*5, Jim W. Hall", Wolfgang Lucht®, Stefan Rahmstorf*,

and Hans Joachim Schellnhubert*l**

*School of Environmental Sciences, University of East Anglia, and Tyndall Centre for Climate Change Research, Norwich NR4 7TJ,
United Kingdom; *Potsdam Institute for Climate Impact Research, P.O. Box 60 12 03, 14412 Potsdam, Germany; SDepartment of
Engineering and Public Policy, Carnegie Mellon University, Pittsburgh, PA 15213-3890; "School of Civil Engineering and Geosciences,
Newtcastle University, and Tyndall Centre for Climate Change Research, Newcastle NE1 7RU, United Kingdom; and |Environmental
Change Institute, Oxford University, and Tyndall Centre for Climate Change Research, Oxford OX1 3QY, United Kingdom

**This contribution is part of the special series of Inaugural Articles by members of the National Academy of Sciences elected on May 3, 2005.

Edited by William C. Clark, Harvard University, Cambridge, MA, and approved November 21, 2007 (received for review June 8, 2007)
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Simulated Changes in =

Carbon Storage

Hadley Center Model
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Interdependency between tipping points
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United Nations
Framework Convention on Climate Change

O objetivo da Convencao do Clima e
estabilizar as concentracoes de gases de
efeito estufa...

“...em um nivel que possa prevenir
Interferéncias perigosas com o sistema
climatico terrestre”

Nao é muito tarde, mas também nao
temos muito tempo...



Temperature stabilization scenarios

(C) (ppm CO,-eq) peak
2.0-24 445 — 490 2000 — 2015
2.4 —-2.8 490 - 535 2000 - 2020
2.8—-3.2 535 -590 2010 - 2030
3.2-4.0 590 - 710 2020 - 2060




Updated Risks and reasons for concern

IPCC 2001

TAR (2001) Reasons For Concern

IPCC 2007

Proposed AR4 (2007) Reasons For Concern
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0.6
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ergy Demand
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Assessment of Target CO,

Phenomenon Target CO, (ppm)
1. Arctic Sea Ice 300-325
2. Ilce Sheets/Sea Level 300-350
3. Shifting Climatic Zones 300-350
4. Alpine Water Supplies 300-350

5. Avoid Ocean Acidification 300-350
- Initial Target CO, = 350* ppm

*assumes CH,, O3, Black Soot decrease



“Free Will” Alternative

1. Phase Out Coal CO, Emissions
- by 2025/2030 developed/developing countries

2. Rising Carbon Price

- discourages unconventional fossil fuels &
extraction of every last drop of oil (Arctic, etc.)

3. Soil & Biosphere CO, Sequestration
- iImproved farming & forestry practices

4. Reduce non-CO, Forcings
- reduce CHy4, O3, trace gases, black soot



Food for

'/'/ff('.’('-‘-‘/"

.napu

,umre 50m anaisvive

L mmmm’“ AL

>L«np<a

Aot 1

“"u T uuu-ul/'"“

Week, Darfur Refugees, Chad

il *"Jf“.'
NPT &
Hii |)!},itﬂl)~
TR

el

3 .uu!““““ uu','.‘.'.k'

\\uw\\h“

e vitaminée. (NN
.". ‘.\ . ’.-'

Source: Menzel, 2005



Food for a Week, Germany
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As of 2008, 17% of the
forest was deforested.
By 2050, if current
trends continue, about
40% of the forest could
be cleared.

Deforestation in Amazonia 1977-2007 in km2 per year

Vegetation change is not a slow
uniform process. It happens
abruptly, possibly long after it
becomes inevitable—mediated by
a proximate agent, in this case,
fire and deforestation (which
promotes fire and drying).

~ 35000
30000
25000
20000
15000
10000
5000

Deforestation (km2 per year)

* Average for the decade



Efeitos combinados na Amazonia de desmatamento

e mudancas climaticas globais
Deforestation to 2050 (brown)

Business as Usual Increased governance Drought

probability
(%)
i) 80

=170
—1 60

Underlying map: “probability” of substantial drought (>20% reduction in dry-season rainfall)

“probability” = proportion of 23 GCMs that showed rainfall decline (2080-

2099 vs. 1980-1999) for IPCC AR4 mid-range emissions scenario (A1B _
) 8 (AB) - \talhi et al. (2008)
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la aeo Tibet

Tmplcal -Extratropical Teleconnection Mechanlsm

| | | I | | |
( cold polar air "trapped” in
Arctic region - |
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storm track 5 stronger annular circulation Sl
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Intergenerational Conflict

Intergenerational inequity and injustice Is the
result, affecting the young and unborn.

‘Did not know’ defense of prior generations
no longer viable.

Ethical and legal liability questions raised by
actions that deceived the public.

Continued failure of political process (not
even available to young and unborn) may
cause increasing public protests.



Alvo para CO.:

< 350 ppm

Para que a civilizacao como a
conhecemos seja preservada

PS: Estamos agora em 385 ppm e crescendo cerca de 17 ppm por década...



A Amazonia é critica na manuten¢ao do vapor de agua global

Subpolar Polar high
low Vil

Hadley cell |

Y

trade winds ,
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The most important air pollution issue in.
South America is associated to the -
continental scale biomass burning during_;f?
the dry season. With several hundred of
thousands of fires each year ...

«Severe health effects on the population
*Climate effects
*Weather effects
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Carbon Sequestration Options

Power Station
Terrestrial Sequestration with CO; Capture

Geologic Disposal

Atmospheric IJ Chemical Conversion
Carbon Extraction! U Ny -

Unmineable| Depleted Oil
Coal Beds | or Gas Reserve

Enhanced Recovery
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RLEA 4 Amazonia INDOEX

Average aerosol forcing clear sky average aerosol forcing clear sky

Top: - 10 w/m? Top: - 71 w/m?

ere: + 162 w/m?2

Surface: - 38 w/m? Surface: - 23+2 w/m?2
Conditions: surface: forest vegetation Conditions: surface: ocean
AOT (z=0.95 at 500nm); 24 hour average AOT (7=0.3 at 630 nm); 24 hour average
7 years (93-95, 99-02 dry season Aug-Oct) Jan-Mar 99

Procopio et al. (2004)



Aerosol effects on
the Net Plant Productivity

CO, Concentration

Aerosol Concentration
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A e

Temperature +
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Photosynthesis

Kulmala et al., 2004
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Significant effects of aerosols on net
primary productivity in Amazonia
Forest site, year: 2000-2001

Solar zenith angle:10-30 degrees
0- —Dry Season - NEE increase: 46 %
—~ ——Wet Season - NEE increase: 24 %
o
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“Aerosol
direct
climate
effects”™

Note: Haze is lighter than
surface almost
everywhere, especially
over ocean, but darker
over the low cloud patch
in the upper Ganges
plain




Indirect aerosol effects: Cloud suppression
by smoke in the Amazon
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<At fisk from semidirect effectZiDoes:
grey haze over China reduce ralnf,i (2.



‘Natural production of CCN in Amazonia

“ ‘ "" .3’ - g
‘%% BA 5 ’f
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S AN A & -~/
6 ¢ '&‘L Oiﬁ
Isoprene 2-methilthertiol

(From Clayes et al., Science

1) Primary biogenic ‘p’é’rticl'es acting as Giant CCN
2) Secondary organic aerosol from terpenes isoprene and others

 3) Soil dust (very little)
4) Sulfates and mtrates (Iow contnbutlon)
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Amazon forest

Amazon mean annual precipitation regime
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T uyana
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S s i S —

Source: TRMM sateliite observations, 1998-2006

4}

= 6 million km? (largest extant
tropical forest in the world).
Largest hydrological basin.

= 120 + 30 Pg C stored in the
biomass
(15 years of fossil fuel
emissions)

= Intact forests reportedly a sink of
~0.6 Pg C yr? (Phillips et al,
1998)
(but see Clark, 2002 vs.

Phillips et

al., 2002; Chambers et al.,
2002;

Saleska et al., 2003)
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The Large Scale Biosphere Atmosphere
Experiment in Amazonia - LBA

Water <+—————————————3p Aerosols

(in clouds and blk / (and trace gases)

Anthropogemc activities

(PN, K, others) |

Nutrients e - Carbon

Nltrogen

(Vegetation and soil)




Aerosol concentration in
several sites in Amazonia

Alta Floresta Aerosol Mass Concentration 1992-2001

600

n=735 B Coarse Mode
500

M Fine Mode
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Mass concentration (ug/m?)

SO £ S B S o > P P P P P S S S S SN SN A D P DSOSV S D S DS S P O > S>>
b s 5 $ 5 & > > S DT & = b 7 b3 S DT S 2° = S ) = > & = S > SO D7 =] 7 S°_ o S SES SL.S S S
SRR S o s ST R SV & DS (B S SV SRR B ST S oR SV S o ST R 5 SV A& A5 S o S o ST S R

SR ST R MR oS e eSS ST Y Y NS SRS SSUSS, N e a8 o8 O NS, e eSS L WG ) e OSSO 0T ST b 2 ST RS OT S =5

A AP B AT T AP AP DT T VA8 A F AV QXN S T e 2 QR VAt S A SV

Manaus SFU Aerosol Mass Concentration

80
70 B Coarse Mode Average FPM=4.0 ug/m?3
60 M Fine Mode CcCPM=7,3 PM10=11,3

Oct 1998 - Mar 2002, n=340

Mass Concentration (ugim?)
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Santarem Aerosol Mass Concentration Feb 2000 - Mar 2002
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Fire and biomass burning




v | T T TR Y Reasons for the deforestation
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Emissdes de CO2 (millhdes de t)

Maiores emissores globais de CO, em 1994

6000

5272

® Brazil CO, emission inventory

Emissao brasileira de CO, em 1994 por setor
0%

23%

3%

0%

74%

Estados China Russia Japado Brasil india
Unidos

O Brasil € o quinto maior emissor
mundial de CO, em 1994, valor que é
maior em 2007.

Sem as emissoes de queimadas

~aAria ~ 120

B Energia B Processos Industriais
O Agropecuaria B Desmatamento e queimadas
B Tratamento de residuos

A maior parte (74%) das emissoes
brasileiras esta relacionada ao
desmatamento e queimadas.




The most important air pollution issue in.
South America is associated to the -
continental scale biomass burning during_;f?
the dry season. With several hundred of
thousands of fires each year ...

«Severe health effects on the population
*Climate effects
*Weather effects
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Aerosol Optical Thickness 550 nm

15207AUG2005

AOT 550 nm -

Solar Radiation at surface (W m-)
rshort W/ m2 — 15Z07AUG2005
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Wa ~ AeroSul particle acting as a
‘ - Cloud Condensation Nuclei

¥
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Highly non-linear processes



Aerosol
particles, cloud
condensation
nuclei and
precipitation
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e " Crystal )
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valescence ‘)9 —® :

I 3
’ ‘ Nucleation

Aerosols Soluble: Nitrates, DON, NH;, NH,* , etc...



~— The effect of aerosol particles in

Precipitation formation the vertical profile of cloud

droplets size, phase, and

Glaciation
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Warm rain evolution over the western Warm rain evolution over the western

tip of the Amazon, Noon. tip of the Amazon, afternoon.
DSD20021005_1 DSD20021005_2
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- Hydrological cycle critical for Ama
~ Variety of cloud structure caused
by different CCN amounts and

‘other cloud dynamic issues

“Green Ocean Clouds*

04 10 2002 21:55
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Large scale low cloud
suppression by biomass
burning aerosols

Terra and Aqua satellite images
of the east Amazon basin, 11
August 2002. (A) The clouds
(Terra, 10:00 local time) are
beginning to form. (B) The
clouds (Aqua, 13:00 local time)
are fully developed and cover
the whole Amazon forest
except for the smoke area. The
boundary between forest and
Cerrado region is marked in
white on both images, and the
seashore is marked in green.
(From llan et al., Science
March 2004)
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