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• Diurnal variability

• Mesoscale Convective Systems and Mesoscale Cyclonic Vortices

• Aerosol effects on rainfall



Diurnal variability

• WETAMC/TRMM LBA
• Anagnostou and Morales 2002

• Carvalho et al 2002

• Herdies et al 2002

• Machado et al 2002

• Rickenbach et al 2002

• GoAmazon
• Giangrande et al 2017



Machado et al 2002



Diurnal cycle
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Saraiva et al 2016

SIPAM Network of S-Band Weather Radars
5 years 2008-2012



Wind regimes: easterlies and westerlies





Break phase

Rainfall Rate (mm/hr) 



SACZ

Non-SACZ

Rickenbach et al 2002 Anagnostou &Morales 2002
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Williams et al 2002

Easterly regime has more lightning
thans westerly regime:

More vigorous convection during
breaks of the monsoon season



São Gabriel da Cachoeira

Work in progress: northerly and southerly winds impact rainfall – Saraiva 
et al (use V-Index from Wang and Fu 2002)
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Mesoscale Convective Systems
Mesoscale Cyclonic Vortices
• Durkee and Mote 2010

• Quadro (2012)

• Quadro et al (2016)

• Laurent and Machado (2002)

• Rehbein et al 2017, 2019



Mesoscale Convective Complexes (MCC)



Velasco and
Fritsch 1987

Years 1982-1983



Mesoscale Convective Complexes
October – May 
1998-2007
Durkee and Mote 2010



Conforte, 1997  Mesoscale Convective Complexes  Years 1993-1994



Mesoscale Convective Systems - MCS



Rehbein et al 2017



Rehbein et al 2017



Rehbein et al 2017

Long lived MCS
Velocity is the
thickness of the
arrow, trajectory is
given by the arrow
length
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Mesoscale Cyclonic Vortices



Quadro et al 2016





Automatic detection algorithm
using CFSR

1. Select days with SACZ
2. Within the SACZ cloudy

region, and for each p-level, 
select grid point with
minimum relative vorticity

3. Check for cyclonic circulation
around selected grid point

4. Check that grid points 
around center are cloudy





MCV detected for 43 SACZ cases 
during DJF from 2000-2009 for 
levels between surface and 700 
hPa

Colors indicated the number of
contiguous pressure leves affected
by the MCV

Quadro 2012



Number of Cases of detected low-level MCV during SACZ events from 2000-2009  as a function of
UTC 



Possible aerossol effects on rainfall

• Large scale dynamics

• Radiative effects

• Cloud microphysics effects



Time series of 
aerosol optical 
thickness measured 
from 2000 to 2017 
using the AERONET 
sunphotometer
network in several 
sites in Amazonia. 
AERONET Level 2 
data with inversion 
algorithm 3.0. 
(Compilation done 
by Rafael Palácios, 
2017)



Aerosol effects 

• Radiation
• Radiation budget in aerosol 

layers
• Colder surface, warmer lower 

troposphere =stabilizing 
effect – less clouds → less 
rainfall?

• Cloud microphysics
• Cloud albedo

• Cloud lifetime
• Inhibit rainfall in warm clouds

• Effect of concentration of 
CCN

• Deep clouds

 

Longo et al, 2003

 

 

Scheme of aerosol effects on precipitation 
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Local smoke plume
(deforestation fires)
(picture from M. Andreae)

smoke

smoke

smoke

Regional smoke plume

~5 millions km2

(Prins et al. 1998)

> 5000 fires
GOES-8 WF_ABBA

11:41

Biomass Burning Emissions



Zhang et al 2009 
Impact of biomass burning aerosol
on the monsoon circulation
transition over Amazon (GRL)

Ensemble simulation with RegCM3 
September 2002
AERO radiative effects of biomass
burning aerosol
CONT no aerosol
AERO-CPNT
a) Diff rainfall
b) Diff lapse pot temp lapse-rate 

lower atm
c) Diff surf pressure and moisture

flux 925 hPa
d) Diff vertical velocity 65 W

LARGE-SCALE DYNAMICS EFFECT 
OF BIOMASS BURNING PLUME –
delay of the onset of the rainy
season



Biomass burning emissions -> CATT – BRAMS
Coupled Aerosol and Tracer Transport to the Brazilian developments on the Regional 
Atmospheric Modeling System

Plume rise, regional and remote transports of biomass burning emissions
surface – boundary layer adjusted to LBA data
ABLE 2: Pickering et al (1992), Pereira et al (1991); Swap et al 1991, 1992
LBA: Longo et al 1999, Freitas et al 1996, 2000, 2005, 2007, 2009, 2017



Freitas S.., Longo. 

Silva Dias, M. A. F., 

Chatfield, R., Silva 

Dias, P., Artaxo, P., 

Andreae, Grell, 

Rodrigues, 

Fazenda, Panetta, 

J.. 2009. (CATT-

BRAMS) Atmos. 

Chem. Phys.

www.cptec.inpe.br/

meio_ambiente



AOT 550 nm
Solar radiation at

the suface

Direct radiation effect of the aerosol plume

o

aot(550)=3,

9

Possible effect of biomass burning 

delaying the onset of the rainy 

season

∆T = -3.5 oC



Li & Fu, 2004 Transition of the Large-Scale Atmospheric and Land 
Surface Conditions from the Dry to the Wet Season over Amazonia as 
Diagnosed by the ECMWF Re-Analysis. J. Climate

LH

Lower LH in the observations: may 
be an indication of the aerosol 
effect…

OBS Rebio Jaru

ECMWF





LBA-Dry to Wet Season Campaign
Aerosol Concentration 

TEOM PM10 SMOCC 2002 Pasture Site FNS
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Andreae, Rosenfeld, Artaxo, Costa, Frank, Longo, Silva Dias 
2004.Smoking  rain clouds over the Amazon - Science



ACRDICON-CHUVA campaigns –
Machado et al 2018
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Shape parameter in cloud droplet diameter distribution
Gonçalves, Martins, Silva Dias, 2008, Atmos Research
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Highest max
rainfall rate 
mm/hr

BRAMS 4 km 3D simulation - Martins, Silva Dias, Gonçalves, 2009 JGR
Vertical structure of cloud+ice water mixing rate  at the time of maximum liquid water path



Petersen, Christian, Rutledge, 2005 TRMM observations of the global relationship 
between ice water
content and lightning. GRL



Williams et al 2002



Conclusion

• Diurnal and annual cycles vary across the region and are sensitive to 
wind regimes

• MCC, MCS, MCV provide local intensification of rainfall

• Aerosol from biomass burning may delay the onset of the rainy 
season and change behavior of deep convection from heavy rains to 
lightning storms



Questions

• Are models simulating/predicting correctly the  rainfall diurnal and 
annual cycles, the occurrence of MCS, MCC, MCV, and the impact of 
aerosol in the South American Monsoon?

• What do we need to improve short term forecasting of rainfall in the 
Sotuh American Monsoon?


