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Why we are here?

Aerosol particles are critically important for:
Climate Change

Urban air pollution

Health effects

Ecosystem functioning

Cloud formation and development

Lot’s of other issues!!!

: Incoming Radiated
— solar radiation out to space

e

Absorbed in atmospherg
by greenhouse gases

Infra-red
radiation




We are changing the face of our world very quickly and in many ways
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Which will be the impacts In our soclety of these changes?

Will Stefan, 2015



" Percent of potential NPP (Appropriated for human use in 2000) Remaining areas of wildemass in 2009
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COQ‘ emissions (Gt COy/yr)

Dlata: CDIAC/QCP/BP/USGIS
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Increase in the concentration of

carbon dioxide (CO,) and methane (CH,)

CO2: Increase of 44% since 1850

Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Earth System Research Laboratory
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Human perturbations on the global carbon cycle

(Global Carbon Project)
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Natural
Fluctuations in
Solar Output

Outgoing Longwave
SWR Reflected by Radiation (OLR)
the Atmosphere

Incoming
Shortwave
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Solar Radiation Balance
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Incoming TOA imbalance 0.610.4

(W/m?)

Outgoing
solar 340.2+0. Reflected solar 100.0+2 Clear-sky 2397433 longwave
emission radiation

Shoftwave A"'Sky 266.4+3.3

cloud effect r atmospheric
\ window
475+3 204
Longwave All-sky longwave
Atmospheric Sensible Latent cloud effect absorption

NN 74
NS
absorption  75%10 i@ -187.9+12.5

hléating heating

r.\/'\
8810

24+7
— -

i
_———Sirace

ection ¥ emission

L Y
~rnbalance 0.6£17

Clear-sky 27.2t4.6

refection ¢\ face shortwave 1656
absorption

Clear-sky emission
to surface

v

All-sky emission
to surface




We are changing the complex Earth System climate

includes the atmosphere,

incoming solar land, oceans, ice and biosphere
OnErsY outgoing heat
T ene
transition from ey
solid to vapour :
evaporative
and heat energy I e
cumulus i louds atmospheric
stratus clouds exchanges cirrus clou
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ocean
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winds
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Global Land—Ocean Temperature Index
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Aerosols (and greenhouse gases) dominate the temperature change




Observed increase in Temperature 1901 to 2012
Spatial distribution not homogeneous

Annual average warming

Source: IPCC 2 Special Report on Global Warmi
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South American (a) temperature anomalies (°C)
and (b) precipitation anomalies
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Trend in ocean surface temperature (°C, 1959 - 2008)
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Rio de Janeiro

National Geographic + USGS topography
™
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energy and watker cycles closely coupled in the
compartments: Atmosphere, ocean and lan

* Composition
(CO2, CHy)

* Land use, AGB

* Albedo, FAPAR, LAI
* Soil carbon

* Fire disturbance

* AGHG fluxes

* Ocean Carbonate
System

)
* Air temperature %
* Surface and TOA <4 . ‘;Vr::jriv[z?izt:‘r
Energy budget p
|
* Lakes, river,
f
* Surface and o.Albedo S on level groundwater,
sub-surface o LST LB water use, snow
temperatures ea state

cover, glaciers,
ice sheets,
soil moisture

« Energy fluxes * Turbulent fluxes « Salinity

OCEAN JCEAN

| ENERGY WATER k

Ik is essential to look at aerosols integrated with
all cycles and compariments




Global distribution of CO,

vasa 2006 /01 /01

Global Modeling and Assimilation Office

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



Around the World with Energy

Around the World with Energy

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

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



Moisture and precipitation in the atmosphere

To study the effects of precipitation and how it influences other phenomena, scientists study moisture and precipitation in the atmosphere. Satellite observations 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 Assimilation Office ran a 10-kilometer global mesoscale simulation to study the presence of water vapor and precipitation within global weather patterns.

In this simulation, 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 simulations allow scientists to better understand global moisture and precipitation patterns.
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Gas Phase

Condensed Phase

Reactions &

Low volariTity gases
(sulfuric & nitric acid, ammonia,
organics)

Nucleation

Chemical
Reactions

Secondary Particles
—)——> §
(inorganics, SOA)
‘—

Coagulation Processed Aerosols
Condensation & (size, composition,

High volatility gases
(SO, NOx, VOCs)

mixing state, phase)
Cloud Processing d d

Adjusted Forcing
(Aerosol-Radiation Interactions)

Primary Particles
(POA, BC, sea-salt, dust)

Atmospheric state
Cloud distribution,
Surface properties,
Sun-earth geometry

Adjusted Forcing
(Aerosol-Cloud Interactions)




Incoming TOA imbalance 0.610.4
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DNA & Protein Analysis Fluorescence Spectroscopy & Microscopy

High abundance, diversity & emission fluxes of airborne fungi & bacteria:
~1 ugm=3,~10 L', ~102 m2 s, >10° species (urban PM)
Elbert ACP 2007, Fréhlich-Nowoisky PNAS 2009, Burrows ACP 2009, Huffman ACP 2010

Information: ~10 ng m= DNA IN/GCCN Evolution of Clouds
= inhalation of ~1 pg/day — Activation m & Precipitation
| ~108 bacterial genomes/day l L —
B Despres BG 2007 ! TN
i Emission '/ /////",  Deposition
Pathogens: permanent challenge ANk Infectious
= infectious & allergic diseases S 2N ‘ === &Allergic

Diseases

' Cloud condensation & ice nuclei:

~ co-evolution of life & climate v R T ..! 'l" f
= = bioprecipitation cycle ’ =l Lt )5 _
B Sands J Hung Met Serv 1982 Vegetation Humans & Animals

s Poschl et al., 2012, Artaxo, 2013



Aeroseol emissions make the high variability
visible - it also applies to aerosol compesition
and the trace gases!
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Our changing
planet is an
integrated
complex
system:

Atmosphere
Cryosphere
Biosphere
Geosphere
Hydrosphere




Climate is a complex system: interaction
among several components

K Cryosphere Biogeochemical
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For climate modelling, we need to go from many
scales and components

C0,, N,0, CH,, CFC, HFC, NO,, SO,, NH., VOC, BC, OC
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Human Activity (EPPA)

health

National and/or Regional Economic effects

Development, Emissions, Land Use

Agriculture,
forestry,
bio-energy,

Examples of
Model Outputs

-
Trace gas

Climate/ l f,xes ST,

ecosystem

24035%) / (CO,, CH,,

demand Nzof and -
= policy

constraints

productivity

Hydrology/
water
resources

EARTH SYSTEM

Atmosphere:
2-Dimensional Chemical
& Dynamical Processes

-

Solar
Forcing

—_

CO, N,O,
NOx, SOx,
NH,, CFCs,
HFCs, PFCs,
SF,, VOCs,
BC, etc.

Air Pollution
Processes

ﬂ

COUPLED OCEAN,
ATMOSPHERE AND LAND

Ocean:

2- or 3-Dimensional
Dynamics, Biological,
Chemical, and Ice Processes
[MITgem]

Volcanic
Forcing

Land:
Water & Energy Budgets
[CLM]
Biogeochemical Processes
[TEM & NEM]

GDP growth,
energy use,
policy costs,
agriculture and
health impacts...

Global mean
and latitudinal
temperature and

precipitation,
sea level rise...

Permafrost area,
vegetative and
soil carbon, Trace

gas emissions from

ecosystems...




Mineral Dust Nitrate

Organic Carbon Black Carbon

0.27 [-0.77 10 0.23]

m N Radiative Forcing by Emissions and Drivers N ool
j Co, CcO E : ‘ ] 1'68 [1.33Ilo 203 | VH
g CH, CO, H,0* O, Cl E 0.97 [0.74 10 1.20] H
:‘::-ms 0 Cs HCFCs i 0.18 [0.01 10 0.35) H
i N.O N,O E . 017[0.13100.21) | VH
!
CcO co H O : | 023(0.16100.30] | M
§ NMVOC CO, H, O i 0.10 [0.05 to 0.15) M
g NO Nitrate CH, O E -0.15 [-0.34 10 0.03) M
]
.

Oganle Carbon | Cloud Adjustments
and Black Carbon)|  due to Aerosols

-0.55 [-1.33 10 -0.06)

Albedo Change
due to Land Use

0.15 [-0.25 10 -0.05)

Changes in
Solar Irradiance

Natural

0.05 [0.00 10 0.10]

Total Anthropogenic
RF relative to 1750

229([1.13103.33]

1.25 [0.64 to 1.86)

057[029100.85 | M
| 1 1
-1 0 1 2 3

Radiative Forcing relative to 1750 (W m2)




10 :Greenhouse
1 1 1 1 Ses 1
0.8 . Aerdsols 5 e 5
: : Total ; : :

anthrgpogeni

o
A

Probability Density Function
O
s

O
N

=
o

Effective Radiative Forcing (Wm™)




Global climate forcing of black carbon and co-emitted species in the industrial era (1750 - 2005)

Climate forcing terms

Estimate
(Uncertainty range)

LOSU

Total climate forcing
BC only

BC + co-emitted species
|

1.1 (0.17, 2.1)
]

I
(BC-rich sources only)

-0.06 (-1.45, 1.29)

| L L | T rr 1 rrrrr1r 1 rrrJrrri
BC direct effects : : :
Atmosphere : : | L | 0.71(0.08,127) | 00
absorption & scattering I . | | 1 0.17
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(semi-direct, albedo, and lifetime) i . | | -0.2(-061,0.1) [ Low
|
BC in cloud droplets ; : i : : 0.2(-0.1,0.9) \lgevzy
| | | |
| | | |
Mixed-phase cloud . ' ! ! 0.18 (0, 0.36) \lgev:/y
: : B B Industrial era :
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: ' : }-e- 90% confidence : ) B low
BC snow and sea ice effects | I (= Fossil fuel (0.29) |
. ; ' | [ Biofuel (0.22) |
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|
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Temperature increase from phase-out of fossil
fuel related and all particulate air pollution

Global mean: 0.51 + 0.03 K
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Aumento médio de temperatura Mudang¢a na precipita¢ao

esperado para o Brasil esperada para o Brasil 2071-2100
2071-2099

Mudangas na chuva
(%) em 2071-2100
relativo a 1961-90.

-10

Amazonia e
Nordeste do Brasil
- deficiéncia de
chuvas

-20
|
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Sudeste da America
do Sul=2 aumento
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-30
L

Areas continentais se aquecem mais
que areas oceanicas

INPE, (RCP 8.5)



How close :

to the edge
do we dare

to get?

The tipping

point
issue...




 Photosynthesis: where radiation meets ife

stomatal pore




HOW MUCH CARBON DO PLANTS TAKE FROM THE ATMOSPHERE?
MODIS gross primary productivity (GPP) estimation from NDVI 2000-2010

01/01/2000

Carbon Removed by Plan! ts

0 1 2 3 456710
millions of grams per square kilometer per day

Amazonia: about 120 billion tons of carbon in the forest



Amazonia can be part of the solution: a
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Tipping elements atrisk:

1°C -3°C 3
O 3°C-5°C |
@ >5°C Greenland '
Ice Sheet - .L
Arctic summer ;
R sea-ice -
Alpine
glaciers

R West Antarctic
v —




Methane bursting
into atmosphere

Water (-0.5°C to -1.8°C)

Permafrost (-0.5°C to 17°C)
(perforated due to warm
temps on both sides)

Methane stores

Lithosphere
with hot mantle




Risks: Increase in the intensity and
frequency of climate extremes

BT A,

Figure 2.22: Trends in numbers of loss-relevant natural events
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Geophysical events Meteorological events

(Earthquake, tsunami, volcanic activity) (Tropical cyclone, extratropical storm, convective storm, local storm)

Hydrological events Climatological events

(Flood, mass movement) (Extreme temperature, drought, forest fire)

Source: Munich Re (2017)

It is already happening since the 80’s
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N
Predicted extinction risks
25%

20%

marine

New Zealand (14 to 23%)

Source: Urban M.C-Nature, 2015
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Societal goals: The future we want 1
Wlorld viel’:/vs,
value, culture,
choices Intervention Anthropocene

Innovation Futures
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More efficient use of energy

Greater use of low-carbon and no-carbon energy
* Many of these technologies exist today

* Nearly a quadrupling of zero- and low-carbon energy supply
from renewable energy by 2050

Improved carbon sinks

» Reduced deforestation and improved forest management
and planting of new forests

» Bio-energy with carbon capture and storage

o A

Lifestyle and behavioural changes



Data: SSP database (MASA)GCP

Scenario group
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Global total net CO2 emissions Emissions of non-CO2 forcers are also reduced
or limited in pathways limiting global warming
to 1.5°C with no or limited overshoot, but

50 they do not reach zero globally.
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Methane emissions

40 In pathways limiting global warming to 1.5°C 1
with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions
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Timing of net zero CO2 Pathways limiting global warming to 1.5°C with no or low overshoot
Line W|qths depict the 5-95th ys with high
percentile and the 25-75th ys limiting global warming below 2°C

percentile of scenarios (Not shown above)
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Fossil Fuels

Bill
40

20

-20

ion tonnes CO, per year (GtCO2/yr)
P1

2020 2060 2100

P1: Ascenarioin which social,
business, and technological
innovations result in lower energy
demand up to 2050 while living
standards rise, especially in the global
South. A down-sized energy system
enables rapid decarbonisation of
energy supply. Afforestation is the only
CDR option considered; neither fossil
fuels with CCS nor BECCS are used.

riculture

llion tonnes CO, per year (GtCO2/yr)

0 P2 0\ P3 “0 P4
20 20 20
0 0 0
-20 ‘ ‘ -20 -20 ‘

2020 2060 2100

2020 2060 2100

P2: Ascenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with
limited societal acceptability for BECCS.

Billion tonnes CO, per year (GtCO2/yr)

P3: Amiddle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.

i _Shﬁmnaﬂzéilx

Bioenergy with Carbon

scenarios

Billion tonnes CO, per year (GtCO2/yr)

2020 2060 2100

P4: Aresource and energy-intensive
scenario in which economic growth and
globalization lead to widespread
adoption of greenhouse-gas intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of CDR
through the deployment of BECCS.
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World Economic Forum: The Global Risks Report 2019

Top 5 Global Risks in Terms of Likelihood

2017

Extreme weather
events

Large-scale
involuntary
migration

Major natural
disasters

Massive incident
of data fraud/theft

2018

Extreme weather
events

Natural disasters

Cyber-attacks

Data fraud or theft

Failure of
climate-change
mitigation and
adaptation

2019

Extreme weather
events

Failure of
climate-change
mitigation and
adaptation

Natural disasters

Data fraud or theft

Cyber-attacks

Top 5 Global Risks in Terms of Impacts

2017

Weapons of mass
destruction

Extreme weather
events

Water crises

Major natural
disasters

Failure of
climate-change
mitigation and
adaptation

2018

Extreme weather
events

Natural disasters

Failure of
climate-change
mitigation and
adaptation

Water crises

2019

Weapons of mass
destruction

Failure of
climate-change
mitigation and
adaptation

Extreme weather
events

Natural disasters

B Economic I Environmental M Geopolitical Il Societal [l Technological

P.S.: These are issues raised by economists, not scientists or NGOs...



UN 17 goals to transform our world
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SUSTAINABLE
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Trade-offs Synergies

Mitigation options
and sustainable
development using

SDGs
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Potential positive effects (synergies)
Negative effects (trade-offs) with the
SDGs
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Ethical issues b
4,
Encyclical Letter LAUDATO SI’ of Pope Francis (2015) \/ *
A P
| urgently appeal for a new dialogue

about how we are shaping the future of
our planet. We need a conversation

which includes everyone, since the 3
environmental challenge we are ‘——
undergoing, and its human roots, i f?f\ / i

concern and affect us all. o T



Science basically have done his job...

) G0 International
STATE OF THE CLIMATE : < @ waca |Q23 Commission
IN 2015

SPARC/IO3C/GAW Report on
Long-term Ozone Trends and
Uncertainties in the Stratosphere

P UN&
GECKY |1y i

GLOBAL ENVIRONMENT OUTLOOK PEOPLE

1. Petropavlovskikh, S. Godin-Beekmann, D. Hubert, R. Damadeo, B. Hassler, V. Sofieva

21

LOTUS

SPARC Report No. 9, GAW Report No. 241, WCRP Report 17/2018

CLIMATECHAN
~'YIL.‘4.Q,:§.:’. Se

International
Science Council

ipcc

INTERGOVERNMENTAL PANEL ON ClimaTe change

Global Warming of 1.5°C

An IPCC Special Report on the impacts of global warming of 1.5°C
above pre-industrial levels and related global greenhouse gas emission pathways,
in the context of strengthening the global response to the threat of climate change,
sustainable development, and efforts to eradicate poverty

IPCC Fifth Assessment Report

Summary for Policymakers

Synthesis Report

| SR
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o Current policy projections ..z 2 C consistent median
(CAT assessment) and range

O Pledges and INDCs - 1.5°C consistent median
(CAT assessment) and range

e Historical emissions,
incl. forestry

Some progress since Paris,
but not enough, as |
governments amble
towards 3°C of warming




2 \ Brazilian iINDC

37% 43%

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

ZERO illegal deforestation at 2030 and compensation of emissions from legal
deforestation at 2030;

Restore and reforest 12 millions hectares of forests till 2030, for multiple
uses;

Restoration of 15 millions of hectares in degraded pastures till 2030

Participation of 45% renewable energy in the energy system at 2030



CO2 emissions
per capita
High
emissions

Low
emissions

. Those who contribute the least greenhouse gases
- will be most impacted by climate change

(‘;.

Vulnerability to
climate change

High
vulnerability

Low
- vulnerability

. B
d,‘b

Samson et al 2011




Global inequality is a blg lssue consm}_pﬁon in one week...
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How to build a safe space to our humanity?
Combining the Earth System with societal needs

paudanca climatic,
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resiliéncia

voz ativa

We need solid science and public policies to build this space



Transformations
to Achieve

S s and 5ix transformations
Development Goals : =Y Q & , &

Report prepared by
The World in 2050 initiative

Digital

revolution

Artificial intelligence, big data,
biotech, nanotech,
autonomous systems

Human capacity
& demography

Education, health, ageing,
labor markets, gender, inequalities

SDGs:
Prosperity
Social Inclusion
Sustainability

Consumption
& production

Resource use,
circular economy,
sufficiency, pollution

Smart cities

Decent housing, mobility, .
- |sustainable infrastructure,
3l pollution

1W32050

Decarbonization
& energy

Energy access, efficiency,
electrification, decent services

Food, biosphere,
& water

Sustainable intensification,
biodiversity, forests, oceans,
healthy diets, nutrients

Source: TWI2050
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