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INTRODUCTION

In Central Brazil every year large areas of forest, cerrado and pasture land are burned emitting primary
carbonaceous aerosols and trace gases into the atmosphere. Figure 1 shows schematically some of the effects of the
aerosols released. During the South American burning season, aerosols have a significant impact on local and regional
air quality affecting visibility and human health by particle inhalation causing pulmonary diseases. An improvement of
the aerosol representation in atmospheric chemistry models can be achieved through data assimilation methods
including available aerosol observations. In this study an assimilation system was used (Hoelzemann et al., 2010)
based on the three dimensional variational data assimilation method (3D-VAR) of the Rhenish Institute for
Environmental Research (RIU) / University of Cologne, Germany (Elbern and Strunk, 2005), coupled to the Coupled
Chemical Aerosol-Tracer Transport — Brazilian Regional Modeling System (CCATT-BRAMS) (Freitas et al, 2009).

Top of the A
\ atmospherse \ \ \ R

oo -0 o ie . . .
£0 o E Q 'y Figure 1. Schematic diagram
A = Indirect effect_ = = ..... Showing the various radiative
oniceclouds | .* . . mechanisms associated with cloud
Surface and contrails i ) .
- effects that have been identified as
Scattering & Unperturbed  Increased CDNC Drizzle Increased cloud height Increased cloud Heating causes p + e . .
absorption of cloud (constant LWC) supprassion, (Pincus & Baker, 1994) lifetime cloud burm-off SlgnlflCant n relat/on tO aerOSOIS
radiation (Twomey, 1974) Increased LWC (Albrecht, 1989) (Ackerman et al, 2000) (mOdIfled from Haywood and
\\Direcreﬁecrs) Cloud albedo effect/ %nudﬂfeﬂ'me affect/ 2™ indirect effect’ Albrecht eﬂ’ecyl ksgmi-direcreﬁe::/l Boucher, 2000)
15! indirect effect/ :
Twomoy offect FONT: IPCC (2007)

DATA

The assimilated observations are aerosol mass concentration (MC) of particular matter smaller than 2.5 ym
(PM2.5). The observations were collected in October 2007, during the Cloud-Aerosol Interaction Measurements
campaign (CLAIM), which took place in the region of the city Alta Floresta in the state of Mato Grosso, Brazil. The
measurements of PM2.5 were collected by a DATARAM instrument aboard the aircraft that collected information with
10s or 30s frequency. During the campaign 17 flights were carried out, 13 of which could be used in this study. Figure 2
presents the data collected during the flights 06 and 07 of the 13 flights and its paths.

For each flight one value of PM2.5 vertical column (PMINT) was calculated integrating the super-observations and
its standard deviation, to estimate the PMINT error, using the equations (1), (2), (3) and (4), following Taylor (1997). The

super-observations and PMINT of each flight are shown in Figure 2.

Where:
ZAW/C) k : model level index;
Sohs(k): I’(k) (1) AMC(k) : aerosol mass concentration observations separated

according to models level k (ug/m?3);

n(k): number of observations in each model level k;

\/ ZIAAH/() —Sow(k))z S.s(K): super-observations in k level (ug/m?3);

OTS',,;E (k)= n(k)—l (2) Os.ps(K): standard deviation of S_, . in k level (ug/m?);

PMINT,,.: aerosol mass concentration of PM 2.5 vertical column
(mg/me);

(3) AZ(Kk) : k model level thickness (m) ;
rtgt = 1-(topography high / model top level);

nax#
PMINL, = " s (k) gt AZ(k).10°
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e minh: minimum of observation altitude during all flight;

Con g = E (O; (k).rtgt AZ(k). 10 ) (4) maxh: maximum of observation altitude during all flight;
k=minh epuint. PMINT error.
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Figure 2: Flights 06 and 07 used for assimilation. The figures on the left column are the horizontal path of each flight and the
black arrows points to the city of Alta Floresta. In the middle column are the data collected during the flight, where the blue
line is the plain altitude, the green line is the mass concentration measured by the dataram instrument, the red line is the
backscattering in the red channel measured by a nefelometer and the yellow line are the ozone measurements. The figures
on the right column are the vertical distribution of the dataram data, where the blue crosses are aerosol mass concentration
and the super-observations for each model level with its standard deviation are in red.

METHODOLOGY

The CCATT-BRAMS model was configured with a horizontal resolution of 30 km in the coarse grid over South

America, 10 km on the nested grid over the state of Mato Grosso-Brazil and surroundings, and 38 vertical levels. As
initial and boundary conditions of atmosphere the CPTEC-GCM model was used with a resolution of T126L28.

The assimilation approach is a three dimensional variational system (3D-var) developed by Elbern and Strunk
(2005) and adapted to CCATT-BRAMS by Hoelzemann et al. (2010). The system is based on a diffusion equation for
the background error covariances, following Weaver and Courtier (2001). Figure 3 shows a flowchart of the
assimilation system. In gray the boxes are the data necessary to run the model. In the red box are the aerosol

mass concentration observations from the CLAIM Campaign. A previous field of PM2.5 is used to calculate model
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Figure 3: Flowchart of assimilation system with CCATT-BRAMS
model and the data used to run the model.

Adapted from Hoelzemann (2010) Analysis / Forecast

PRELIMINARY RESULTS
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As we can see in Figure 4, the area influenced by assimilation has a positive increment of PM 2.5 mass
concentration, adding mass to the simulation. This result was expected for these observations because in all flights the
model was underestimating the PM 2.5 information.

This figures are not at the exact time of assimilation. This is due the model output frequency of 3h. This means that
the magnitude of the assimilation impact can be a little decreased. The figures show that the information of

assimilation remains for hours in the model.
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