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Control of radiatioh balance and precipitation
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Aty  Particulas de aerosséis biogénicos
naturais da floresta

Mag = 79.52K X
EHT = 4.50 kV

EPMA photos from Gunther Helas, MPIC



isoprene

'\

2-methyltetrol

. CCN production in natural conditions in Amazonia
Oxidation product of isoprene: 2-methyltetrols

Table S1. Median concentrations (ng m™) and concentration ranges of PM, OC, EC,

polyhydroxylated compounds, and malic acid in 10 total filter samples collected during

the LBA-CLAIRE-1998 wet season campaign (23 March - 15 April 1998) in Balbina,

Brazil.

Concentration (range) Mean % carbon of OC
PM 7500 (4900-18300)
oC 2700 (2100-5300)
EC 0 (0-14)
2-methyltetrols 31 (14-83) 0.61 £0.39
(threo + erythro)
malic acid 7.2 (2.6-15) 0.10+0.06
levoglucosan 0.46 (0-3.0) 0.02 £0.02
arabitol 81 (42-270) 1.36 +0.43
mannitol 112 (58-330) 1.79+0.38
glucose 29 (12-76) 0.60 £0.42

From Magda Clayes et al., 2004
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Radiative forcing (Watts per square metre)

Warming

Global mean radiative forcing IPCC

The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
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Interacao entre a radiacao solare o
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Ib) Absorption of sunlight

« At surface: cooling
* |n atmosphere: warming
-+ "Semi-direct” Effects:
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Ship tracks off the
Washington coast

ddingi m' Cldruks with more,
smaller droplets.

 These clouds are whiter, reflect more
sunlight = net cooling




plets need to be blgger than ~14 um
dius. When there are too many CCN,
IS radius is not reached and "warm”
rainfall is suppressed. This occurs

~ typically at CCN >800 cm-3.

Therefore:

Adding CCN increases cloud lifetime
_ and cloud abundance => Cooling



* This rain-suppression mechanism affects mainly "warm" clouds
(those not containing ice phase)

e If there is enough latent heat available (tropics), the air will rise

- and rain-| ction mechanisms involving ice will take over.
. The results are

.-: — more wide-spread mixed phase clouds with lightning

<

— a shift in the release of latent heat from lower levels (warm
clouds) to upper levels in the troposphere

— An increase in the total amount of heat released in cloud,
because of ice formation

— Enhanced vertical transport of aerosols, gaseous pollutants
1 water vapor to the upper troposphere and lower



Aerosols, cloud condensation nuclei
particles, clouds and precipitation
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Ramanathan, V., P. J.
Crutzen, J. T. Kiehl, and
D. Rosenfeld, 2001:
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O Ice precipitation




Continental: Polluted, Maritime: Clean, Fast rain,
Suppressed rain, Strong updraft Suppressed updraft
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3 Part of the atmospheric radiative loss 1s balanced by surface
sensible and latent heat fluxes by PRECIPITATION.

This could be called the “Thermodynamic forcing”.
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Fig. 7.1 The annual mean global energy balance for the earth-atmosphere system. (Numbers
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U.S. National Academy of Sciences, Washington, D.C. (1975), p. 14, and used with permission.]
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~ Hydrological cycle critical for Ama
~ Variety of cloud structure caused
by different CCN amounts and
_-,-. : d dynamic issues

w =
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“Green Ocean Clouds*
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ST = #

Two aircraft used in SMOCC: one for
aerosol and trace gases and the second
for cloud physics measurements.



== SMOCC Aircraft route from heavy smoke to clean conditions:
=277 In situ measurements of precipitation suppression
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Smoke from pyrocu-type clouds blends
Into & smoke-laden boundary layer...

0110 2002 19:51
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Further west, In the same airmass, we
find the ,,Green Ocean® - maritime-type
clouds over the pristine Amazon

0410 2002 2156 =~
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Warm rain evolution over the western

tip of the Amazon, Noon.
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Warm rain evolution over the western
tip of the Amazon, afternoon.
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A;Idition of

pyrogenic

CCN has
pronounced

iImpact on

cloud droplet

size spectra

Four aerosol regimes of:
(A) Blue Ocean,(B) Green Ocean,
(C) Smoky clouds, (D) Pyro-clouds

Note that the narrowing of CDSD and
the slowing of its rate of broadening
with height for the progressively more
aerosol rich regimes from A to D.

D. Rosenfeld, 2004
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m® CCN activity is related to size...

CCN spectra for each hygroscopic group at 0.66 % supersaturation,
SMOCC Intensive burning period Sept. 20-22

30000 + ; . — ] ‘ ‘ | ~—— 10
e DMPS tot nr. | .
CCN Almost Hydrophobic group ‘ ‘
25000 || =—CCN Moderately Hygroscopicgroup | - fF .0
— — D of activation, Almost Hydrophobic |
— =D of activation, Moderately Hygroscopic | |
:cr? 20000 - — - — D of activation, Fully soluble - . LTy §
€ ‘ 1 T 1 ‘ c
o Tl . b =
£ . A ©
2 15000 L. 1 1.1 -
Q | | | [ | -t
=) - | o
ke R : e
> D | 2
S 10000 1 SRR | @
5000 - RS |
T e f¥
0 e D 0.1
1 10 100 1000



iy Stage 1: 0.05-0.14 pum,
on Stage 2: 0.14-0.42
) gﬁ ) 47)
Stage 4: 1.2-3.5 u
Stage 5: 3.5-10 um

Dry season median conc

0 Unaccounted
mWSOC




Organics In smoke aerosol

W 23-24 Sept. '02, night
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Compilation of SMOCC data by S. Decesari
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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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Uppr: ess f low cloud formation by aerosols in Amazonia
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Radiative forcing (W/m2)
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Amazonia INDOEX

Average aerosol forcing clear sky Average aerosol forcing clear sky

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

7 O
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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
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¥ Measurements of the ratio diffuse
to total PAR for SMOCC (Marcia Yamasoe)
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The mean canopy gross photosynthetic rates
(solid lines) as a function of solar

elevation angle for radiation conditions in 1992
(red), 1993 (blue), 1994 (pink), and

1997(dark green). (Gu et al., Science 299, March 2003)
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e Aerosol Particles Radiative Effects on the
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over the CO2 flux in Amazonia
_._Pau/o Henrique Oliveira, 2004
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lobal dos aerossois

Table 1. Overview of the different aerosol indirect effects and range the radiative budget perturbation
at the top-of-the atmosphere (F7c.4) [W m™2]. at the surface (F s ) and on the surface precipitation
(PR) as estimated from Figure 2 and from the literature cited in the text.

Effect Cloud | Description Froa Fsrc PR
type
Indirect aerosol effect for | All The more numerous smaller | —0.5 similar | n/a
clouds with fixed water | clouds | cloud particles reflect more so- | to to
amounts (cloud albedo or lar radiation -1.9 TOA
Twomey effect)
Indirect aerosol effect with | All Smaller cloud droplets de- | —0.3 similar | decrease
varying water amounts | clouds | crease the precipitation ef- | to to
(cloud lifetime effect) ficiency thereby prolonging @ —1.4 TOA
cloud lifetime
Semi-direct effect Warm | Absorption of solar radiation | 40.1 larger decrease
clouds | by soot may cause evaporation | to than
of cloud droplets —-0.5 TOA
Glaciation indirect effect Mixed- | More ice nuclei increase the | 7 ? increase

phase precipitation efficiency

clouds
Thermodynamic effect Mixed- | Smaller cloud droplets delay | 7 ? Increase
phase the onset of freezing or de-
clouds crease
Surface energy budget ef- | All Increased aerosol and cloud | n/a —1.8 decrease
fect clouds | optical thickness decrease the to —4

net surface solar radiation




Total forcing for trace gases aerosols and clouds

Table 2. Instantaneous Forcings F' (W m~?2). surface temperature response 7 fe (K), climate sen-
sitivities A (K m? W—1), efficacies F and effective forcings F. as defined in the text for different

forcing agents and from different coupled equilibrium climate model/mixed-layer ocean simulations

Experiment F Tere | A E F. Reference

Well muxed greenhouse | 2.12 | 1.82 | 0.86 | 1 2.12 | Roeckner. pers. comm.

gases from 1860 to 1990

Tropospheric ozone 0.37 0.34 0.91 1.06 0.39 Roeckner. pers. comm.

Sulfate aerosols, direct effect | -0.34 | -0.24 | 0.71 | 0.83 | -0.28 | Roeckner. pers. comin.

Sulfate aerosols. Twomey ef- | -0.89 | -0.78 | 0.87 | 1.01 -0.90 | Roeckner. pers. comm.

fect

All aerosol effects (direct | -1.4 -0.87 | 0.62 | 0.72 -1.01 | Feichter et al. (2004),

and indirect on water clouds) Lohmann and Feichter

(2001)

All aerosol effects and GHQ | -1.4+ []0.57 | 0.81 | 0.94 | 0.66 | Feichter et al. (2004),

effect 2.1 = Lohmann and Feichter
+0.7 (2001)

U. Lohmann and J. Feichter 2005, submitted
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Precipitation in Amazonia 1930-1990:
Interannual and interdecadal variability
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Marengo' 2003 Appl. Climatol. 2004.
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America do Sul AOT550 2004 AQUA15Sep2004
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Aerosol Optical Thickness

Campo_Grande SONDA . S 20 26°16". W 54 32°16", Alt 677 m,
PI : Enio_B. Pereira, enlobplcptec.inpe.br
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Campo Grande — 06 de setembro de 2004
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Campo Grande — 15 de setembro de 2004




'.—

Campo Grande AOT550 AQUA15Sep2004

(-]
58 W 86 !\UU = F&_l.ﬂ'f 52 \AJ




ampo Grande — 16 de s




Campo Grande AOT550 AQUA16Sep2004
A6 W 54 \AL .L_'h")__l'l_\“l




Aerosol Optical Thickness

Sao_Paulo , S 23 33-39", ¥ 46 44°05", Alt 865 m,
PI : Pavlo Artaxo, artaxolfap0l.if.usp.br
Level 1.5 ADT; Data from SEP 2004
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