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Estamos mudando nosso planeta rapidamente e de muitas formas

THE GREAT ACCELERATION
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Quais sdo os efeitos destas mudancgas?




! i . Planetary Boundaries
Estimativas da evolugao A safe operating space for humanity

quantitativa de variaveis de
controle para alguns limites
planetarios desde niveis
pré-industriais até o
presente
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Aerosol loading:
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M In zone of uncertainty (increasing risk)
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Nosso planeta
em mudanc¢a, nos
compartimentos:

Atmosfera
Criosfera

Biosfera
Geosfera
Hidrosfera




O sistema climatico global
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Balanco de

The main external influence on planet Earth is from
radiation.

Incoming solar shortwave radiation is unevenly
distributed owing to the geometry of the Earth-sun

rad i agéo s o I a r system, and the rotation of the Earth.
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Balango de energia regional e global
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Interacgdes e feedbacks entre solo, superficie e atmosfera
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Processos quimicos atmosfericos sao fundamentais

Earth System

Chemistry Physics

Biology

scattering of solar radiation
* reducing visibility
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long range transport >

acting as nuclei (condensation/ice)
* modifying microphysics,
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* antioxidant
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L A function
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controls of BVOC emission
* circadian clock
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* transcription/translation
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a Gas phase reactions of VOCs
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E fundamental considerar todas as escalas

GLOBAL: climate change

id rain,
odheric ozone,

LOCAL:
air pollution
health effects
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Perturbacoes humanas no ciclo do carbono global
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Human Perturbations of the Global Carbon Cycle

(Global Carbon Project 2010)
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PARTS PER MILLION
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CO, mole fraction (ppm)
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Para onde vao as emissdes antropogénicas de CO, (média 2003-2012)
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ento de CO, é devido as emissdes antropogénicas
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por gases de efeito estufa
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TABLE 1.1 Composition of the Atmosphere Near the Earth’s Surface
PERMANENT GASES VARIABLE GASES
fr Percent Parts per
Voume
%3 Symbol mm A ; (Gas (and Partickes) Symeol (by Volume)  Milin ppe)* CARBON DICGXIDE
Nitrogen N, 78.08 Water vapor H,0 0104
O O, 295 Carbon dioide 0 0036 365"
ke Ar 093 Methane 0.00017 17
Neva Ne 0.0018 Nitrous oxide 000003 03 e .
Hebam He 00005 Ozone 0000004 04" A
g b, 000006 Partices (dust, sont, ekc) 0000001 001015
Yeon Xe 000009 Chlorofluorocarbons (CFCs) ‘ 000000002 00002
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FIGURE 2.10
Absorpiion of radiation by gases in the armosphere.
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Em 1896, a primeira previsao
climatica de Svante Arrhenius

* Arrhenius quantifies in
1896 the changes in
surface temperature
(approx. 5 C) to be
expected from a
doubling in CO,, based
on the concept of
“glass bowl” effect
introduced in 1824 by
Joseph Fourier



Name

Water vapour

Carbon dioxide
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Methane
(CH,)

Nitrous oxide
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‘ hexafluoride (SFy)
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0,00008 > 50 000 aluminium production 5700
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0 0,0000042 3200 dielectric fluid 22 200
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Global Land—Ocean Temperature Index
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| le um clima em mudancga

(a) Northern Hemisphere spring snow cover (b) Arctic summer sea ice extent
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nvolving clouds and aerosols

Forcing mechanisms are represented b
boxes with grey shadows, rapid forcing ad
onses) are shown with brown arrows
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Adjusted Forcing
mia?’”“':’"’“““ (Aerosol-Radiation Interactions)
single scattering albedo,
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Gas Phase Condensed Phase
— Reactions &
Low volatility gases Nucleati -
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. Atmospheric state
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Reactions - Condensation & mibdng stase, phase) Surface properties,
= Cloud Processing N - Sun-earth geometry
High volatility gases Primary Particles
(SO, NOx, VOCs) (POA, BC, sea-salt, dust)

Emissions

mmp—— Adjusted Forcing
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The Natural Greenhouse Effect: clear sky
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Clouds also have a greenhouse effect P









Circulagao oceanica global: Redistribuicao de energia

Deep-water formation in the Northern Hemisphere has long received much attention as the
axis of climate change. The upwelling branch in the Southern Ocean is now being recognized

as a vital component of our climate system and an equally important agent of global change.
Marshall and Speer Nature Review, 2012
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Aerosols scatter solar radiation. The atmospheric circulation and (@) (&)

Less solar radiation reaches the
surface, which leads to a localized
cooling.

mixing processes spread the cooling Q00
regionally and in the vertical. — - ——————

More aerosols result in a larger

concentrations of smaller droplets,

leading to a brighter cloud. However
Absorbing aerosols mwgmmwhu

may amplify or alleviate this effect.

Aerosols absorb solar radiation. At the larger scale there is a net

This heats the aerosol layer but the warming of the surface and

surface, which receives less solar atmosphere because the atmospheric

radiation, can cool locally. circulation and mixing processes
redistributes the thermal energy.
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Black Carbon (BC) Aeroso| Processes in the Climate System
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Properties of BC-containing particles other substances

/" Refractive . .
! . — i Refractive |\
index ] index 4

A
R ==

-
- -
- -~

e

— Hygroscopicity [€

"Sh\\_a;:e”/‘:— Wet particle 2 Solubility

S > CCN activity [«

Si __| Dry particle —> IN activity [€ _-" Coating \.
e size le \ thickness /

.. o gy = Atmospheric
' . Total processes
variables Number of "
particle

BC particles
P number

Mass
emission
of BC

Mass of

added e
material Condensation,
Oxidation
—> Arrow: Line of influence
====Dashed shape: Difficult measurements made rarely and assumed to apply broadly

_ * Scattering properties include directional scattering
Needed to model cloud changes




Model diagnostics of black carbon direct radi
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transport

Principal diagnostics
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== Parameters that have been inferred from observations




BC cloud indirect effects
Climate warming and cooling effects
- Combined liquid cloud effects
Semi-direct effects
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Global climate forcing of black carbon and co-emitted species in the industrial era (1750 - 2005)

Climate forcing terms

Estimate
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Climate forcing by BC-rich source categories in year 2005
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Radiative Forcing relative to 1750 (W m2)
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“There is high confidence that aerosols ... have offset a substantial portion of global mean forcing from
well-mixed greenhouse gases. They continue to contribute the largest uncertainty to the total RF
estimate.”
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Distribuicao global de ozonio CAM-chem at 0.5°

From Louisa Emmons, NCAR
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Global distribution of aerosols: dust (red), sulfate (white), smoke from
fires (green), sea salt (blue).
Global modeling (10 km resolution), W. Putman, NASA Goddard
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Mean high, middle and low cloud cover from CloudSat/
CALIPSO GEOPROF dataset (2006— 2011),
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) all anthropogenic aerosols
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Human Activity (EPPA)

National and/or Regional Economic

. Development, Emissions, Land Use
. |
Agriculture, [ -
fogrestry, a " B I Examples of
bio-energy, [ Climatel/l l ¢ v eos ggzv:‘:gv - Model Outputs
e°°§ys:?’!‘ . 2435 / (CO,, CH,, NO’ éo’ '
productivity . dam:—.w:l Nzo ard NHX,CFCXS; .
3' ’
Hydrology/ [ 23,',':3'3",,3 HFCs, PFCs, l GDP growth,
water - SF,, VOCs, i energy use,
resources - BC, etc. policy costs,
: - agriculture and
- i health impacts...

EARTH SYSTEM

Atmosphere:
2-Dimensional Chemical Air Pollution
& Dynamical Processes Processes

Forcing = -— Y e

COUPLED OCEAN,
ATMOSPHERE AND LAND

Global mean
and latitudinal
temperature and

precipitation,
sea level rise...

Ocean: Land:
2- or 3-Dimensional Water & Energy Budgets Permafrost area,
Dynamics, Biological, [CLM] vegetative and
Volcanic Chemical, and Ice Processes Biogeochemical Processes soil carbon, Trace

gas emissions from
ecosystems...

Forcing [MITgem] [TEM & NEM]
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Blue (RCP2.6), light blue (RCP4.5), orange (RCP6.0) and red
(R BC stands for black carbon (in Tg(C) yr—1) oC for




Global average surface temperature change
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backs biogeoquimicos

Land Carbon response to CO2, CAMIP **
Land Carbon response to CO2, including N-cycle *
Ocean Carbon response to CO2, C4amIP ™

Land Carbon response to climate change, C4MIP ** _ - )
Land Carbon response to climate change, inclu ding N-cycle * Qh °
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IPC Working Group 2 - Impactos Adaptacao e Vulnerabilidades
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Sustentabilidade em um planeta urbanizado

* Se 0 adicional de 3.2 bilhées de pessoas em 2100 vao viver
em cidades de cerca de 1 milhao de habitantes, vamos ter

gue contruir 3.200 cidades de 1 milhdo de pessoas cada em
89 anos, ou seja:

* 7~ 1 nova cidade de 1 milhdo a cada 10 dias!!!




Agricultura e producao de alimentos com
menor emissao de gases de efeito estufa
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“Earth System Science: the big picture .

EO for Climate (Earth system)
Diagnosis & Prediction
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A Governanca das mudancas globais e as interconexoes
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Global Land—Ocean Temperature Index
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nce 2000, their societal impacts and
ent can be attributed to climate

Confidence in
attribution to
Region (Year) Meteorological Record-breaking Event climate change Impact, costs

Medium based on** ~£1.3 billion*

England and Wales = Wettest autumn on record since 1766. Several short-
(2000) term rainfall records®

Europe (2003) hottest summer in at least 500 years® High based on’* Death toll exceeding 70,000°

England and Wales | May to July wettest since records began in 1766 Medium based on?®* Major flooding causing ~£3 billion damage
(2007)

Southern Hottest summer on record in Greece since 1891 Medium based on®'*'* ' Devastating wildfires

Europe (2007)

Eastern Mediter- Driest winter since 1902 (see Fig. 20) High based on'™® Substantial damage to cereal production™
ranean, Middle-East
(2008)

Victoria (Aus) (2009) Heat wave, many station temperature records (32-154 ~ Medium based on®* Worst bushfires on record, 173 deaths, 3,500
years of data)'’ houses destroyed"”
Western Hottest summer since 1500 Medium based on® 314" | 500 wildfires around Moscow, crop failure
Russia (2010) of ~25%, death toll ~55,000, ~US$15B eco-
nomic losses'™
Pakistan (2010) Rainfall records™ Low to Medium based Worst flooding in its history, nearly 3000
on?'% deaths, affected 20M people®.
Colombia (2010) Heaviest rains since records started in 1969% Low to Medium based | 47 deaths, 80 missing™
On?!
Western Amazon Drought, record low water level in Rio Negro® Low? Area with significantly increased tree mortality
(2010) spanning3.2 million km?
Western Europe Hottest and driest spring on record in France since Medium based on®"*# | French grain harvest down by 12%
(2011) 1880%
4 US states (TX, Record-breaking summer heat and drought since High based on'*3'3 Wildfires burning 3 million acres (preliminary
OK, NM, LA) (2011) ~ 1880%* impact of $6 to $8 billion)*™
Continental U.S. July warmest month on record since 1895* and severe = Medium based on™"# ' Abrupt global food price increase due to crop

(2012) drought conditions losses™




uring the industrial era.
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of the climate of the 20th century
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Global carbon dioxide budget
(gigatonnes of carbon per year

1990-2000
2000-2008
Fossil fuel & Atmospheric
cement growth . Land sink
6.4+ 0.4 3.1+0.1 tenge  |26z209
7.7 = 0.5 4.1 = 0.1 1.6 + 0.7 2.7 = 1.0
& 1.4 = 0.7

Ocean sink
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Geological
reservoirs

Global CO,
budget for 1990-2000
(blue) and 2000-2008 (red) (GtC
per year). Emissions from fossil-fuel and land-
use change are based on economic and deforestation
statistics. Atmospheric CO, growth is measured directly. The
land and ocean CO; sinks are estimated using observations for 1990-2000
(Denman et al. IPCC 2007). For 2000-2008, the ocean CO, sink is estimated
using an average of several models, while the land CO, sink is estimated from
the balance of the other terms.
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Closure of the meridional overturning circulation
through Southern Ocean upwelling

Depth (km)

Latitude

A schematic diagram of the Upper Cell and Lower Cell of the global MOC emanating
from, respectively, northern and southern polar seas.

John Marshall and Kevin Speer, Nature 2012
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Global anthropogenic present-day emissions weighted by GWP and GTP for the chosen time horizons

2000 emissions weighted by various metrics
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-40 -0.4[C 1 1 L s 1

10yr 20yr 50yr 100yr 10yr 20yr S50yr 100yr 0 20 40 60 80 100

<-- GWP — <L GTP --> years

CO, equivalent emissions (GT CO,)

Effective amount of year 2000 (single-year pulse) using the Global Warming Potential (GWP),
which is the global mean radiative forcing integrated over the indicated number of years
relative to the forcing from CO2 emissions, and the Global Temperature Potential (GTP)
which estimates the impact on global mean temperature based on the temporal evolution of
both radiative forcing and climate response relative to the impact of CO2 emissions. The
Absolute GTP as a function of time for year 2000 emissions of all compounds from the
indicated sector is shown on the right, which is the same as GTP, except is not normalized by
the impact of CO2 emissions. The effects of aerosols on clouds (and in the case of black
carbon, on surface albedo) are not included.
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Sea Level Change (cm)
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Northern Hemisphere Sea Ice Extent Anomalies
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79-2000 average in dark grey
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IPCC Special report on managing the risks of extreme events

N

The IPCC Special Report on Managing the Risks of Extreme
Events and Disasters to Advance Climate Change Adaptation
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Aumento da temperatura pode estar aumentando a
frequenciade eventos climaticos extremos

Extreme summer heat anomalies now cover about 10% of land area, up from 0.2%.

This is based on observations, not models.

Shifting Distribution of Summer Temperature Anomalies
0.5

04 1951—-1980 1981—-1991 1991-2001 2001-2011

0.3}
0.2}
0.1}

54321012345 4321012345 4321012345 4321012345
Frequency of occurrence (vertical axis) of local June-July-August temperature anomalies
(relative to 1951-1980 mean) for Northern Hemisphere land in units of local standard

deviation (horizontal axis). Temperature anomalies in the period 1951-1980 match closely the
normal distribution ("bell curve", shown in green), which is used to define cold (blue), typical
(white) and hot (red) seasons, each with probability 33.3%. The distribution of anomalies has
shifted to the right as a consequence of the global warming of the past three decades such that
cool summers now cover only half of one side of a six-sided die, white covers one side, red

covers four sides, and an extremely hot (red-brown) anomaly covers half of one side.
Source: Hansen, J., Sato, M., and Ruedy, R., Proc. Natl. Acad. Sci., 2012.
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The climate system — HadGEM2
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'EX-Céticos: resultados do “Berkeley Earth Group”

Decadal Land-Surface Average Temperature

s 4 e 7 T 1
10-year moving average of surface temperature over land | | <
Gray band indicates 95% uncertainty interval | l,
|
e R EEE T [ tos ~
| | g.)
| | ~—"
| | >
Y WL - (S ©
| 0 =
| o
| =
| << B
1 HERLEE - - R G AW - - - - - - — - - -F-05 2
| 2
| ©
' )
| Q.
1 I EEEEEE B S —r-1 E
| l m— NASA GISS 'G_J
: { == NOAA / NCDC
| | == Hadley / CRU

L

|

|

|

|

|

|

|

|

|

|

|

|

L

|
—
8]

- Berkeley Earth

1750 1 8.00 1850 1900 1950 2000

ature study is using over 3

ool
3 :.‘o




2001-2007 Mean Surface Temperature Anomaly (°C)
Base Period = 1951-80, Global Mean = 0.54
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Air holds more water vapor at higher temperatures

A basic physical law tells us that the water holding
capacity of the atmosphere goes up at about 7% per
degree Celsius increase in temperature.

Observations show that this is happening: 0.55°C since
1970 over global oceans and 4% more water vapor.
This means more moisture available for storms and an

enhanced greenhouse effect.
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l 2010 Increase since

pre-industrial times

1991-2000

2001-2010

Carbon dioxide 389.0 ppm 39% 361.5 ppm 380 ppm
Methane 1808 ppb 158% 1758 ppb 1790 ppb
Nitrous oxide 323.2 ppb 20% 312.2 ppb 319.7 ppb

(a)

C0, mole fraction (ppb)
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C0, growth rate (ppm/yr)
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Diferengas regionais no aumento do nivel do mar
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Ensemble mean sea level anomaly (m) with respect to global mean RS change (0.47 m) for
scenario A1B between 1980-1999 and 20902099 (from Slangen et al., 2011). Global mean
=0.47 m; range =—3.65 to +1.01 m.
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‘of temperature increase for 2029 and 2099

~ according to 3 emission
| B1: 2020-2029

2090-2099

J‘?“ “i . ’
05} / \ { | - :
0 / " " B‘I ‘;:_.—&__,-— — o -

Relative Probability
&

A1B: 2020-2029 A1B: 2090-2099

Relative Probability

L N\ . __A1B
2.5 T T T ¥ T T T T — A2: 2090'2099

Relative Probability
i

\

Y- LOM 2002 DDdI2

=1: 9 1 e 3 & 5 6 ¢ &
Global Average Surface Temperature Change (°C)




co, conolonlrallons 1

g
=)

no
o

—
()

o
o

800 -
700 -
i 600 -

500 -

? ——20th stabilization
0 3 —B1

] —A1B
300 ~ —A2

n |

: = re—
2000 2200 2250

Global surface warming (°C)

'
—
o

=== Constant composition
commitment

= 20th century

21
21
16

17
16

12
10

IIIIII]I[II]I[II

2300



Precipitation RCP85: 2081-2100 JJA
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Global abundances (as mole fractions) of key greenhouse gases averaged over
the 12 months of 2011 as well as changes relative to 2010 and 1750 from the
WMO/GAW global greenhouse gas monitoring network

Global abundance in 390.9+ 1813+ 324.2+
2011 0.15lppm 2Bl ppb 0.1551 ppb
2011 abundapce relative 140% 2599% 120%
to year 1750*

2010-2011 absolute

increase 2.0 ppm 5 ppb 1.0 ppb
CAULE=A DA Tl 0.51% 0.28% 0.31%
increase

Mean annual absolute

increase during last 2.0 ppm/yr 3.2 ppb/yr 0.78 ppb/yr

10 years

(*) Assuming a pre-industrial mole fraction of 280 ppm for CO,, 700 ppb for CH, and 270 ppb for N,O

Since the industrial revolution, about 375 billion tonnes of carbon have been emitted
by humans into the atmosphere as carbon dioxide (CO,).
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Black carbon and co-emitted species by region and source in 2000
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