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Cloud albedo and lifetime effect (negative radiative effect for warm clouds at
TOA; less precipitation and less solar radiation at the surface)

more reflection — higher albedo

*~, smaller cloud particles
‘. —+ less precipitation

pouuted 2
hlgher optlcal depth

—+ less radiation at surface

Semi-direct effect (positive radiative effect at TOA for soot inside clouds,
negative for soot above clouds)
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evaporation of cloud droplets
— ehrinklng of cloud

absorption
— healing

less radiation
at surface

Glaciation effect (positive radiative effect at TOA and more precipitation),
thermodynamic effect (sign of radiative effect and change in precipitation not
yet known)

+ more ice crystals

v
i
I
1
il
"
[

consider the rel

delayed Ireezing — higher (and colder) clouds

— more precipitation

erosol-cloud

i:';'.
co
forc

0 be

Other IOFOECE:ses are ne
considered as radiative forcin:
However, tl e
climate mode




Terrestrial radiation balance

Reflected solar Incoming solar Outgoing longwave ‘
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t regulates aerosol and
 in the atmosphere
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Anthropogenic

Natural
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Aerosol species; 5,55,0C

Aerosol species: 5,55,0C,BC,O,N

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

Radiative Forcing from Cloud Albedo Effect

Hadley (Jones et af., 2001)
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e radiative forcing

Radiative Forcing of Tropospheric Ozone Increases
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. a climate model for the
per k aerosol effect
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distribution

Aerosol optical depth (0.44 um)
- AERONET and Hadley model




Aerosol global distribution

T e B Aerosol opicl depth (044 um)

AERONET and Hadley model




distribution

Aerosol optical depth (0.44 um)
- AERONET and Hadley model




Aerosol global distribution
—j_ Aerosol optical depth (0.44 um)

AERONET and Hadley model
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Haze over
Ganges -
Brahmaputra
plain

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







v,":,,, rosols represented as aerosol
optice i€ 1 ight by atmospheric aerosols.

AERONET / composite aerosol optical thickness (550 nm)

average |
0.137




Aerosol particles, cloud condensation
nuclel and rain
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The effect of aerosol particles in the
vertical profile of cloud droplets size,
phase, and precipitation
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Precipitation is being altered over several areas
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Precipitation is being altered over several areas
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Increases in rainfall and cloud counter warming

Absence of
warming by day
coincides with
wetter and
Trend in Warm Days 1951-200 cloudier
e ' conditions
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\.@ The Large Scale Biosphere Atmosphere Experiment in Amazonia - LBA
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Water «——— 5 Aerosols
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(P, N, K, others) - ~ (Vegetation and soil)




The Large Scale Biosphere Atmosphere Experiment in Amazonia - LBA

Water <+————————— Aerosols
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Natural production of CCN in Amazonia
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(From Clayes et al., Science 2004)

1) Primary biogenic particles acting as Giant CCN
2) Secondary organic aerosol from terpenes isoprene, and others

3) Soil dust (very little) _
4) Sulfates and nltrates (Iow contrlbutton)
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Global atmospheric water vapor




Biomass burning: a key issue...







Global Biomass Burning




Global distribution of Carbon Monoxide (CO)

1 Mar 2000
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Deforestation in Amazonia 1977-2007 in km?2 per year
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Floresta, Amazonia, 1992-2000

Alta Floresta Aerosol Mass Concentration 1992-2000

PM,, aerosol concentrations in Alta
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The most important air pollution issue in .

South America is associated to the i #e
continental scale biomass burning during -
the dry season. With several hundred of
thousands of fires each year ...

*Severe health effects on the population
«Climate effects
s\Weather effects




In Rondonia 1999-2002
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¥ Amazonia INDOEX

Average aerosol forcing clear sky average aerosol forcing clear sky

Top: - 10 w/m? Top: - 7£1 w/m?

re: + 162 w/m?2

Surface: - 38 w/m? Surface: - 23+2 w/m?2
Conditions: surface: forest vegetation Conditions: surface: ocean
AOT (7=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

Procépio et al. (2004)
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o ATERLNSTITTE Impacto do efeito radiativo direto do
' aerossol de queimadas na estrutura
termodinamica da atmosfera
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Efeitos:
 Estabiliza a atmosfera
 Reduz a energia

disponivel para processos
de superficies

Altitude (m)
Altitude (m)

Jo0H 312 315 38 331 0 B0 FO BO B3 100 :
potencial temp. (K) relative humidity Karla Longo and Saulo Freitas, INPE/CPTEC




~ Hydrological cycle critical for Ama
- Variety of cloud structure caused

by different CCN amounts and

other cloud dynamic issues

o %

“Green Ocean Clouds*

04 10 2002 2155
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The reduction of clouds due to smoke leads to less sunlight being reflected and
more sunlight being absorbed by the Earth, resulting in warming. Areas with normal
conditions of 40 percent cloud cover reflect 36 Watts per meter squared, compared
to 28 Watts per meter squared for smoke-covered areas without clouds.



Satellite images of the
Amazon rainforest rarely
show smoke and cumulus
clouds together.

A uniform layer of scattered
cumulus clouds is typically
present, along with some
thunderstorms, over the Amazon
rainforest. Compare this image
of a day with little smoke, with
the image above. Both images
were acquired by the Moderate
Resolution Imaging
Spectroradiometer aboard
NASA’s Aqua satellite, on
August 11 (top) and November
15 (bottom), 2002.




Large scale low cloud
suppression

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 Koren et al., 2004)




0.5

045

0.4

0.35

0.3

025

Cloud fraction

0.2

— East cloud fraction
— Wyest cloud fractian

Felative Ares

02

nction of aerosol opt

0.4

0B

0.8

Dptical Depth

1

1.2 1.4

on by aerosols in Amazonia




or decrease precipitation?

High Pressure Low Pressure High Pressure
. H
High = —
gh p -

(low LE, high H)

SRERSRERE



4

-
ad tn

.
tn

Total Precipitation (m®)
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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.
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e Cloud drop

== Dry and dark surface, Moist surface, O ratin

Strong updraft Weak Updraft O Ice crystal
O Ice precipitation
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Aerosol particles
have strong
interactions with
ecosystems and

~ climate. It may play a
major role on our
planet future climate
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