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Outline

e Diurnal variability
* Mesoscale Convective Systems and Mesoscale Cyclonic Vortices

* Aerosol effects on rainfall



Diurnal variability

* WETAMC/TRMM LBA
* Anagnostou and Morales 2002
e Carvalho et al 2002
* Herdies et al 2002
 Machado et al 2002
* Rickenbach et al 2002

* GoAmazon
* Giangrande et al 2017
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Figure 2. Hourly average cloud fraction (a) for the
brightness temperature threshold of 284 K., 235 K., and
210 K., and for rain fraction (b) defined as the fraction larger
than 10 dBZ, 20 dBZ, and 35 dBZ, for the period from 9
January to 27 February 1999. Each cloud fraction is
presented in a specific scale.

Machado et al 2002
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Figure 7. (a) Mean daily precipitation rate (mmh ") for all days and (b) for only the precipitating days during the campaign (> 1 mm). (¢)
The total accumulation in millimeters for the dataset and (d) the fractional convective accumulation as sampled by the rain gauges for the
summary campaign and associated wet and dry season conditions.
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Wind regimes: easterlies and westerlies
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Figure 5. Vertically integrated regional moisture flux (vectors) and moisture flux divergence (shaded)
for (a) SACZ period and (b) NSACZ period from GEOS-2 data set. The units for vectors is kg/(ms) and

divergence in units of mm/day.
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Figure 8. Time series of conditional rainfall intensity (mm
hr '), from TOGA radar data. Thick line is the time series
with variations of less than 8 days removed. Regime periods
are shown with dashed vertical lines and labels.
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Work in progress: northerly and southerly winds impact rainfall — Saraiva
et al (use V-Index from Wang and Fu 2002)

Sao Gabriel da Cachoeira
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Mesoscale Convective Systems
Mesoscale Cyclonic Vortices

* Durkee and Mote 2010

e Quadro (2012)

 Quadro et al (2016)

* Laurent and Machado (2002)
* Rehbein et al 2017, 2019




Mesoscale Convective Complexes (MCC)
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Mesoscale Convective Systems - MCS
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Figure 2. Monthly distribution of continental MCSs along the Amazon _
basin according to their lifecycles. The black colour represents MCSs Figure 3. Occurrences of continental MCSs according to their lifecycles.
with all lifespans, red with short lifespan and blue with long lifespan.
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Rehbein et al 2017
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Mesoscale Cyclonic Vortices




Quadro et al 2016
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Figura 2 (cont.) - Imagem realgada do canal infravermelho do satélite GOES-10 e simulagio do modelo BRAMS do campo de vento (m.s™") na altura de
segmentos de reta nos painéis das simulagdes indicam setores ao longo dos quais serdo feitas segdes verticais na Figs. 4 e 5.
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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
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REANALISE NCEP CFSR ENTRE OS ANOS DE 2000 A 2009*
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* as regides hachuradas em verde representam episodios de ZCAS selecionados pelo Boletim

Climanalise, as areas hachuradas em cinza representam casos que ndo foram incluidos neste

estudo em funcédo de sua duracdo ser menor de 3 dias.




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
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Possible aerossol effects on rainfall

* Large scale dynamics
* Radiative effects
e Cloud microphysics effects
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Aerosol effects

e Radiation

* Radiation budget in aerosol
layers

e Colder surface, warmer lower

troposphere =stabilizing
effect — less clouds — less
rainfall?

e Cloud microphysics
* Cloud albedo
* Cloud lifetime
* Inhibit rainfall in warm clouds

* Effect of concentration of
CCN

* Deep clouds

Rainfall

accumulation

Longo et al, 2003
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Biomass Burning Emissions
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Local smoke plume
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(picture from M. Andreae)
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(Prins et al. 1998)
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LARGE-SCALE DYNAMICS EFFECT
OF BIOMASS BURNING PLUME —
delay of the onset of the rainy
season

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
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c) Diff surf pressure and moisture
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d) Diff vertical velocity 65 W
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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
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Direct radiation effect of the aerosol plume

Solar radiation at

the suface
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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

Surface heat fluxes comparison
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15 DECEMBER 2018 SENA ET AL.

a) Wet Season Onset (days/year) b) Wet Season Demise (days/year)
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F1G. 11. Spatial distribution of the trends of the onset,
end, and duration of the wet season during the years
1983-2009. A significant reduction in the wet-season
length is observed east of 62.5"W, mainly caused by a
delay of the onset in this period.
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LBA-Dry to Wet Season Campaign
Aerosol Concentration

TEOM PM,;, 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
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Shape parameter in cloud droplet diameter distribution
Goncalves, Martins, Silva Dias, 2008, Atmos Research
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BRAMS 4 km 3D simulation - Martins, Silva Dias, Gongalves, 2009 JGR

Vertical structure of cloud+ice water mixing rate at the time of maximum liquid water path

CCN300
“CLEAN”

CCN600

w0 LTI

=3

patll

[

B0 ot .

500+

800 -
00{=—=L2

]
—_—

i

il

00—
B0 <o

ol

- o T

B0l =

L]

1000

— JEE—
o1 a1 4% o5 45 oF 1

2

BT mn B L mn B TS

14 4% 45 48

CCNA450

CCN9S00

“POLLUTED”
Highest max
rainfall rate
mm/hr



Petersen, Christian, Rutledge, 2005 TRMM observations of the global relationship
between ice water
content and lightning. GRL
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Williams et al 2002

Aerosol Hypothesis
Maritime Regime
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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?



