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Introduction

HE performance of gas dynamic lasers is proportional 1o

Ihe population inversion created by the nonequilibrium
expansion of the lasing gas through a nozzle. The population
inversion is characterized by the smail-signal gain coef(licient
G,. Previous studies measured Gy in constant area ducts
located downstream of minimuni length conloured nozzles,'?
Some of these studies have reported departures from theory at
large distances from the nozzie throat (2004*). Such depar-
tures have been attributed to viscous effects and weak shock
patlerns exisling in constant area ducts. These observations
and the interest in evaluating the nonequilibrium expansion of
the CO,-N,-He system in a long, nongontoured nozzle moti-
valed this investigation. By measuring the gain during the gas
expansion in the supersonic section of 1he nozzle, the
deletenious eflecls of shock wave patterns on G were avoided,
The viscous effects on Gy were minimized throuwgh the use of
relatively high characteristic Reynolds numbers Re,.

A shock tube'* is used to provide a reservoir of hot, highly
pressurized, vibrationally excited gas for subsequent expan-
sion through the nozzle, A nonequilibrium population inver-
sion is created when this shock-heated? gas expands through a
double-wedge type nozzle mounted at the end of the shock
tube.

Small-signal gain measurements are made at three different
locations along the nozzle centerline for different reservoir
conditions. Good agreement between experimental data and
the analytical mode) was observed at the two first stations near
the nozzle throat. At the station near the exit of the nozzle, the
experimental results are below the theoretical curves.

Apalytical Models

The nonequilibrium flow model developed by Glowacki and
Anderson? was used. The model assumes a simplified vibra-
tional kinetic mechanism for CO,-N; and an inviscid one-
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dimensional flow of a thermally perfect gas in a supersonic
nozzle. The original computer code version used H,O as a cat-
alyst and had to be modified® for use with He.

The temperature and pressure of the shock-heated gas is de-
termined analytically® by soiving Euler’s equations in the re.
gion between the reflected shock wave and the nozzle throat.
The solution of these equations is obtained assuming 4 choked
flow at the nozzle throat and an equilibrium flow up to that
location, The incident shock wave velocity and initial driven
conditions are experimentally determined. The reservoir
pressure is measured in every experiment and compared to the
analytical one. The agreement is within 3%.

Experimental Apparatus

The shock tube used’® is 70 mm in diameter; helium was used
as the driver gas at pressures ranging from 5 to 63 atm. The
driver tube was separated from the driven tube by a 0.5-mm-
thick diaphragm. A commercial mixture of 6,6% CO,, 54.1%
N;, 39.3% He was used as the test gas. The driven tube
pressures were in the 20-60 mm Hg range. At the end of the
shock tube, the driven section is separated from the hyper-
sonic nozzle entrance by a scored Mylar diaphragm 0.025 mm
thick, The nozzle exhausts into an evacuated (less than 10-!
Torr) dump tank in order to shorten the flow establishment
time. Two ports in the driven tube, near the nozzle section, are
instrumented with quartz piezoelectric pressure transducers.
The one closer to the nozzle is used for determining the shock.
heated gas pressure. A time interval counter connected to both
pressure transducers (31,5 cm apart) measured the incident
shock wave transit time. The shock tube was capable of gener-
ating reservoir pressures from 2 1o 27 atm and reservoir tem-
peratures from 800 to 2700 K. The useful test time was of the
order of 300 us.

A two-dimensional double wedge (sharp throat) nozzle was
used to drive the nonequlibrium expansion of the gas mixture,
The nozzle area ratio was 53 and the throat height #* was 1.23
mm. The hypersonic section of the nozzle is 230 mm long; the
subsonic portion is 3 mm long to improve the freezing of the
CO,-N, upper level. The stainless steel nozzle walls have a
very good surface finishing to minimize flow disturbances, To
permit G, measurements, the nozzle has three pairs of ports
(35 mm in diameter) centered at 72, 130, and 187 mm down-
stream from the throat (Fig. 1). To minimize flow distur-
bances, the antireflection coated Ge windows are flush with
the inner sidewall surfaces.

The gain coefficient was determined by measuring the in-
crease in power of the probe beam between no flow and flow,
The diagnostic laser is provided by a homemade CO, CW gas
laser operating at 10.6 pm predominantly on the P(20) transi
tion. The intensity was 0.1 W/cm?, which is below the satura-
tion intensity of the medium (1.0 kW/cm?), The beam is
mechanically chopped and then injected into the nozzle flow,
After passing through the nozzle, the probe beam is diffused
by reflection from a rough-surfaced aluminum plate to ensure
soverge of the active area (1 mm?) of the Ny cocled HgCdTe
detector. Both the infrared detector and the pressure signals
are recorded by a digital oscilloscope. Then G, is determined
from the expression Gy = (1/L ) g / dciores Where L is 70
mm {nozzle width}, and I.and Ip,, are, respectively, the
measured diagnostic laser beam intensities before and after
crossing the active medium,
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Fig. 1 Double.wedge nozzle and cavity arrangement.

Table 1 Test conditions and imporiant parameters

Pos Tﬂ- Po"'- GD.M'

Test no.  aim K atm-cm Rey x 108 (m~")
1 12.0 2000 1.50 0.7 0.9

2 13.5 1445 1.69 1.1 0.78

3 7.0 1500 0.88 0.6 0.88

4 230 1620 2.88 1.7 0.89

5 10.0 1820 1.28% 0.6 0.94

[ 11.0 1000 1.34 1.4 0.38

Results

Table 1 lists the reservoir pressure and temperature p, and
To. the binary scale parameter poh*, the characteristic
Reynolds number* Rey, and the measured peak gain values
Gopm.

According to Mitra and Fiebig,* the viscous losses on the
small-signal gain are negligible when Re, is of the order of
0%, From Table 1 it is seen that, for all of the test conditions,
the characteristic Reynolds number is of the order of 103, Fur-
thermore, due to the short duration of the flow, the cold wall
assumption is valid. Such facts lead to the existence of very
thin boundary layers. Under these circumstances, the viscous
effects are highly attenuated, Another important observation
is that the nozzle flow is shock-free. The reasons are 1) the
continuous expansion of the gas in the double wedge 1ype noz-
zle and 2) the back pressure in the dump tank being many
times smaller than the nozzle exit pressure,

The measured small-signal gain profiles along the nozzle
centerline and the computed values are shown in Figs. 2 and 3
for the conditions listed in Table 1. These figures show that
the largest departures between theory and experiment occur
far downstream from the nozzle throat. The best agreement in
that region occurred when the lowest reservoir temperature
(1000 K) was used (Fig. 3). For this case, the theory shows a
decrease in the gain at points located far downstream from the
nozzle throat. Such a trend is not observed in the other cases
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Fig. 2 Comparison between theoretlcal {lines) and experimental
{points) small-signal laser galn profiles.

where higher temperatures were used. Since viscous and shock
effects on the small-signal gain can be neglected in this experi-
ment, they cannot be responsible for the drop of the ex-
perimental data below the theoretical prediction. A possible
explanation is that a deactivation rate of the CO, (001) level is
higher than that used in the analytical model. If this is the
case, the discrepancies between theory and experiment in ¢con-
stant area duct G, measurements may not only be caused by
flow disturbances but also by higher deactivation rates. As
noted by Andersen,' the uncertainties in the kinetic rates can
strongly affect the prediction of the small-signal gain.
Figures 2 and 3 show peak gains as high as 0.9 m~'. Such
values are comparable to those obtained by other authors,
¢.8., Anderson,'” using minimum length contoured nozzles.
Although these results are somewhat interesting, they are no
surprise, since the theorstical model propesed by Andérson
was quite capable of predicting the high gains throughout the
nozzle. The only problem was the overestimation of the gain
near the nozzle exit. To extend these results, a laser power ex-
traction experiment!® is being carried out by the authors,
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Conclusions

Small-signal gain measurements were conducted in a shock
tube driven nonequilibrium expansion of a gas mixture con-
taining 6.6% CO,, 54.1% N,, and 39.3% He at different res-
ervoir conditions. The gain measutemnents were made at three
locations downstream from the nozzle throat of & long double-
wedge type hypersonic nozzle. The experimental results were
compared with computer code predictions. The main resulis
of this investigation are as follows:

1) Good agreement between the experimental data and the
analytical predictions for the small-signal gain was obtained at
the two stations closer to the nozzle throat.

2) Poor agreement between the experimental data and theo-
setical predictions for gain occurred at the station near the
nozzle exit. Al that location, the analytical model overesti-
mates the actual gain, A possible reason could be the underes-
timation of the deactivation rate used by the theory.

1) Small-signal pain peaks of 0.9 m*-!, comparable with
those obtained in minimum length contoured nozzles, were
measured.
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Derivation and Testing of a
One-Equation Model Based
on Two Time Scales
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Introduction

URBULENCE measurements indicate that large-scale

energy generating eddies possess a development rate sub-
stantially different from that of small-scale dissipative eddies.
This suggests using a model that treats these eddies separately,
assigning each range its own time scale. In the present work, a
one-equation model is developed wherein the velocity scale is
determined from the solution of an equation for the turbu.
lence kinetic energy and the length scale is found indirectly
from two time scales assigned each to large and small eddies.
The derivation of this model Jeads to an expression for the
near-wall function f, used in low Reynolds number versions of
the k-¢ model, A backflow model! is applied in conjunction
with the one-equation model for the treatment of detached
flow regions. Several flow cases are calculated to test the
performance of this turbulence model.

Model Formulation
To account separately for the large (energy producing) ed-
dies and the small (dissipative) eddies, characteristic time
scales are assignad to each. Thus, the large eddies are charac.
terized by

I~k/e m

where k is the kinetic energy of the turbulence k = Yau; 4],
and ¢ is the dissipation rate of 4.
The small eddies are characterized by the Kolmogorov scale

1, ~ /e )

where » is the kinematic molecular viscosity,

To determine these time scales, & and ¢ must be known
throughout the flowfield. In the present work X Is determined
from the solution of a partially modeled version of the exact
equation for turbulence kinetic energy

8 3 _4 LA
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Estimation of aerosol transport from biomass burning
areas during the SCAR-B experiment

Igor V. Trosnikov and Carlos A. Nobre

Centro de Previsao de Tempo e Estudas Climdticos, Institutc Nacional de Pesquisas Espaciais,

Chahoeira Paulista, SP, Brasil

Abstract. A transport model for the estimation of tracers spreading from biomass
burning areas has been developed on the basis of the semi-Lagrangian technique.

The model consists of a three-dimensional Lagrangian form transport equation for
tracers and uses the quasi-monotone local cubic-spline interpolation for calculation
of unknown values at irregular points. A mass-conserving property of the model is
based on the flux-corrected transport method using the algorithm of Priestley. The
transport of the amoke particles from Amazonia was simulated for the period from
August 20 to 29, 1995, During this period the air mass located below 2 km moved
to the south and carried the smoke particles until 30°S.

1. Introduction

The Smoke, Clouds, and Radiation - Brazil (SCAR-
B) experiment was conducted in central Brazil and the
- southern Amazon Basin from August 15 to September
20, 1995, in collaboration with U.5. and Brazilian agen-
cies and academic institutions [McDougal, 1995}. The
aim of the experiment was {o study the properties of
acrosol and the effects of biomass burning on regional
and global climate, including estimation of the emission
product fransport. In this study a numerical trans-
port model has been developed on the basis of semi-
Lagrangian technique [Steniforth and C6té, 1991] to es-
timate the dispersion of gas and aerosol emissions from
an area with intense biomass burning. The model has
been used for the estimation of aerosol transport during
the SCAR-B experiment. :

2. Model

The model is based on the three-dimensional La-
grangian form transport equation for tracers [Brasseur
and Madronich, 1992):

i s )

where d/dt is the material derivative, x = ff- is the
mixing ratio of the tracer with mass density p,, p is the
air mass density, D, = K V?yx is the term of horizontal
macrodiffusion, Ky is constant, and S;, is the source

term (expressed in mass per unit volume and time). -

This includes both positive and negative contributions.
The lateral bounidary conditions for equation (1) are
Copyright 1998 by the American Geophysical Union.

Paper number 987D} 343
0148-0227/98/981D-01343509.00

taken to be x = 0 for boundary points with an influx
of air.

For the integration of equation (1) the semi-Lagrangian
technique is used. Every time step consists from two
stages. The first stage is to find a solution of the trajec-
tory problem: determine the departure points at time
t — At for arrival points of regular mesh at time t by
using the known fields for these instants. They are de-
terminated by a solution of the system of the equations

dr (2)

dz

d
=4, F= F WU

r3
with the conditions

¥&) =ya, 2{t} =20 (3)

where u, v, w are the zonal, meridional, and vertical
components of the wind velocity, us.q is velocity of
the sedimentation of the aerosol particles, and x,,¥,, 22
are the regular mesh coordinates (arrival point}. The
gystem is integrated backward in time by the Crank-
Nicolson scheme [Williamson and Rash, 1989):

I(t) = Za,

calt = A1) = 20(t) - S ual®) +uslt - A), @

where At is a time step. The @ index indicates known
values, 4 index indicates unknown values which are de-
termined by iterations. The same equations are inte-
grated for y and z The second stage consists of compu-
tations of the values of tracers on departure peints and
the sources of tracers on arrival points:

Xt} = xa(t — At) + At (Dx,.,(t - Aty + S?") . (5)

The unknown wind components and the vahies of
tracers for the departure points are obtained by the
quasi-monotone local cubic-spline interpolation .(see
[Bermejo and Staniforth, 1992]). If a departure point is
out of the integration area of the model, the boundary

© 32129
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Figure 1. GOES-8 visible image of smoke concentration (a} at 1145 UTC, August 20, 1995, and
(b) at 1145 UTC, August 29, 1995.

values are used. The value of the tracer is set equal to
zero for arrival points located below the surface of the
Earth.

3. Conservation

A conservation algorithm has been designed by using
ideas from the flux-corrected transport {(FCT) method
{Priestley, 1993]. The solution of the transport equa-
tion for each point with index k is obtained from two
approximations of the solution at the new time Jevel,
the high-order solution, x¥, obtained by cubic inter-
polation, and the low-order solution, xf, obtained by
linear interpolation,

(6)
(7}

where oy, are to be chosen such as to make the conser-
vative scheme for volume V'

XY = auxf + (- ow)xf

0<ar <1

ﬁ M O p()dudydz = € ®

where value C includes the three terms

L

C'1 is the aerosol mass for the time moment ¢ — At, C,
and (s are the aerosol mass injected in the atmosphere

C=C‘1+CQ+C3,

by sources and the aerosol flux through the lateral
boundary consequently on the time interval (t— At t):

¢ = fv (= Abp(t - Atdadydz  (10)

Oy = At/ Sy drdydz {11)
v

Cy = At f ox M (t — At)nv(t — At)dQ2, (12)
Q

n is the inside normal 1o the lateral boundary 2. When
the sources and flux through the lateral boundary are
absent, the mass of acrosol is conservation value. The
Priestley algorithm is used for determination of cv by
minimization of the difference between x™ and x* with
condition (8).

4. Simulation of Aerosol Transport
for SCAR-B Experiment

For the simulation of aerosol transport, the analysis
fields of the wind, temperature, and geopotential height
preduced by the CPTEC global numerical weather fore-
cast model and awailable from SCAR-B database were
used. The grid of the analyses has 49 x 41 points with a
horizontal resolution of 1.875°x1.875° and covers Scuth
America from 101.25°W to 26.25°W and from 60°S to
15°N. The transport model has the horizontal grid colo-
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Figure 2. Simulated aerosol concentration (arbitrary units) and wind (m s™!) at 850 hPa: (a)
August 20, 1995 (initial condition); (b) August 23, 1995, (¢) August 26, 1995; (d} August 29,

1995.

cated with the analyses grid, and its vertical structure
includes 22 pressure levels from 1000 to 200 hPa, 16 of
which are placed in the iayer 1000-700 hPa. The time
integration of the model was carried out with a 1 hour
time step, and hourly values of the meteorological ele-
ments were calculated by linear interpolation.

4.1, Location of Aerosol Sources in Separate
Regions

The sources of the aerosol S{z,y, z) were set in the
grid points and were defined by two parameters: the
intensity of the aerosol injection to the atmosphere So(g
m~2 s~} and the total thickness of the source layer
AP{(hPa). The simple vertical change source model was

used: g 950

> = 1004P" (13)

where AP is the thickness of the air layer with the
source in hPa, and g is the gravitational acceleration.
The choice of AP for numerical experiments was de-
termined by SCAR-B data, which shows layers of high
aerosol concentrations at 1800-2500 m altitude [Artazo
et al., 1996].

The aerosol measurements during the SCAR-B exper-
iment show that aerosol particles have a size distribu-
tioh with a mass peak at about 0.3 ym diameter [Ariezo
et al., 1996]. It allows one to use the bulk representa-
tion of aerosol particles for transport calculations as the
first approximation. The velocity of the sedimentation
was taken to be 0.001 ms™ [Penner et al.,, 1991a] ac-
cording to this approximation. Because the calculations
were carried out for a dry season, wet scavenging is not
included in the source.
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e 3. Simulated aerosol concentration cross section (arbitrary units) along 25°8S: (a) August

23, 1995; (b) August 24, 1995; {c) August 26, 1995; {d) August 29, 1995,

The preliminary computations showed that the term
of horizontal macrodiffusion in equation (1) leads to
a marked increase of the aerosol spreading area. For
this reason the simulation of aeroscl transport for the
SCAR-B experiment was conducted with Ky = 0.

In the first numerical experiments the following source
parameters were used: AP = 162.5 hPa or the source
height was about 1500 — 2000 m, Sp=7.5 x 10~% gm~2
s~

To link Sy with Sy, the intensity of the aerosol in-
jection to the atmosphere from a fire territory with the
area Ay, the relation

Sod, = S5A; (14)
can be used, where 4, is the model grid cell area. For

example, for $;=0.003 g m~2s~! [Penner et al., 1991b]
and Ay=41500.0 km?, the fire area is A;=103.8 km?,

The first simulation of the aerosol spreading from
four separate fire regions during the period from Au-
gust 20 to 29, 1995, is demonstraied (Figures 2 and 3).
The centers of the regions were placed at the points
with coordinates (1) 56°W, 9.5°3 (the region of Alta
Floresta}; (2) 52°W, 18.5°S (between Campo Grande
and Brasilia); {3) 55°W, 17°8 (between Campo Grande
and Cuiabd); and (4) 48.5°W, 13.5°5 (between Porto
Nacional and Brasflia}. The initial conditions for the
smoke concentration were set guasi-uniformly with the
average density in the atmospheric column about of 0.06
g m~2 and the geographic configuration subjectively ex-
tracted from the GOES-8 visible image at 1145 UTC on
August 20, 1995 (see Figures 1a and 2a). Asshown in
Figures 2a and 2bh, from Aungusi 20 to 23, 1995, initially,
the simulated asrosol moved westerly from the Alta Flo-
resta region and southerly from northern Paraguay. By
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Figure 4. Cumulative weeklj' number of fires in the mode! grid cells {a) for August 18-24, and

(b) for August 25 - 31, 1995,

August 29 it reached 35°S. The locations of the differ-
ent aerosol sources are better seen in Figure 2b. After
August 23, 1995, the simulated aerosol began to spread
southerly from the Cuiabd region and formed a narrow
current which arrived at the latitude belt of 30°5-35°5
(see Figure 2c}).

The vertical structure of the southerly simulated aero-
sol currents can be seen in the vertical cross sections of
the aerosol concentration along 25°S in Figure 3. Figure
3a shows & cross section of the simulated aerosol current
which includes aerosol particles from the Randonia re-
gion. In Figure 3b one can see the additional simulated
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Figure 5. Simulated aerosol concentration (g m~%) and wind (m s™') at 850 hPa: (a) August
20, 1995 (initial condition); (b) August 23, 1995; (c) August 26, 1995; and {d) August 29, 1995,
for the experiment with location of the aerosol sources in the burning areas.

aerosol current from the Cuiabd region. Figures 3¢ and
3d show the evolution of these simulated aerosol cur-
rents. On acéount of sedimentation, aerosol particles
have the marked redistribution of heights depending on
their lifetime in the atmosphere.

4.2. Location of Aerosol Sources in Burning
Areas

For determination of the burning areas during the
SCAR-B period, data of the NOAA operational satellite
monitoring of fires have been used. The fire monitoring
data are produced by the National Institute for Space
Research/INPE (Brazil) and include cumulative weekly
number of fires in grid cells of 0.5° latitude by 0.5°
longitude. The data were used for 2 weeks, August 18-
24 and 25-31, 1995. The data have been remapped onto
the mode] cells (see Figure 4 ). The fire numbers have

been used for the determination of aerosol sources in
the model grid points
S _ 95

p  100AP

w(A, @ t), (15}
where Sp = 2.25 X 10~¢ g m~? s~*, AP=300 hPa, and
w(A,w,t) i8 the dimensionless weight function propor-
tional to the number of fires in the model grid point &,

nk) i

Wi (16)

max; (ny)
The value of w lies in the limits: 0.03 < w < 1.
Figure 5 shows the time evolution of the simulated
aerosol concentration in pg m—2 on the pressure level
850 hPa. Omne can see that the principal features of the
aerosol spreading are consistent with the aerosol spread-
ing from the separate sources in the first experiment.
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Figure 6. Simulated aerosol concentration cross section (ug m™?) along 5°S: (a) Aungust 23,
1995; {(b) August 24, 1995; {(c) August 26, 1995; (d) August 29, 1995 for the experiment with
location of the aerosol sources in the burning areas.

The main difference is that aerosol was also carried from
the continent to the Pacific Ocean in the latitude belt
from 5°S to 5°N. The vertical structyre of this current
is shown in Figure 6 for the vertical cross section of the
simulated aerosol concentration in pg m™3 along 5°S.
It should be noted that the values of the aerosol con-
centration are close to the observed values during the
SCAR-B experiment [Artazo et ol., 1996).

To estimate the aerosol amount for the second experi-
ment, the components of the aercsol balance have been
calculated. They are represented in Table 1. shows
the time evolution of the simulated aerosol co The total
aerosol emission, 3.143 Tg, during 10 days, can be com-
pared with annual aerosol emission in tropical America,
22.0 Tg [Penner et al., 1991a).

4.3. Estimation of Optical Depth

The quantity of the total aerosol mass in the atmo-
spheric column m = % { ypdp can be related to optical

depth 7 by

T =M,

(17)

where « is a specific extinction coefficient. The optical
depth values may be compared with observations. The
value of y=2.73 m? g~ ! has been derived for the spectral
channel 0.67 pm from measured physical characteristics
(mass scattering and absorption efficiency, and single-

Table 1. Components of Aerosol Mass Balance for
Experiment With Source Locations in Burning Areas

Component 1995 Value  Units
Initial aerosol mass August 20 0.6930 Tg
Total Aerosol Emission Awngust 21-29  3.1433 Tg
Total Aerosol Flux

Through Boundaries August 21-20 -05679 Tg
Aerosol Mass August 29 3.2684 Tg
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0. 0.9

scattering albedo) in regional hazes in Brazil during the
SCAR-B experiment [Reid et al., 1996]. Figure 7 shows
the estimated optical depth of the aerosol for August 29,
1995. The calculated values are similar $o the values of
the observations for biomass burning periods {Haufman
et al., 1992]. The calculated large-scale pattern of the
aerosol distribution for August 29, 1995, shows a good

Figure 7. Optical depth of the aerosel on the surface on August 29, 1995, for the experiment
with location of the aerosol sources in the burning areas.

12 15

agreement with the observed haze on GOES-8 visible
image (see Figure 1b). However, the agreement of the
calculated and observed values of the optical depth for
local points is not so good. Table 2 shows the (1) model
estimated and (2) observed optical depth for the three
stations. The observed data have been taken from the
AERONET {Aerosol Robotic Network) data archive.

Table 2. Model Estimated and Observed Optical Depth Values for
Stations From August 22 to 29, 1995

) August 1995

Station 22 23 bt 25 26 20 28 29
Alta Floresta

a 130 095 0583 09 111 120 1.20 132

b 118 188 113 111 112 126 130 134
Brasflia

a 904 0064 004 002 002 0602 003 0.02

b 0.08 - 0.08 008 007 006 008 0.09
Cuiabs

a 006 013 016 009 009 011 012 Q.16

b 011 004 0.12 006 017 008 - 0.37

The a is model estimated and b is observed optical depth values.
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Although the optical dépth level was simulated cor-
rectly for the stations, there is a discrepancy between
estimated and observed small optical depths, It may be
linked with the formation of aerosol density for Brasilia
and Cuiab4 stations by local small-scale sources during
August 22-29, 1995.

5. Conclusions

The transport model for the estimation of tracers
from biomass burning areas has been developed on the
basis of the semi-Lagrangian technique. The model in-
cludes principal processes which form large-scale tracer
spreading for dry season: horizontal and vertical advec-
tion, sedimentation of aerosol particies, and horizontal
turbulent exchange. No vertical diffusion is included
in the model because poor boundary layer large-scale
analysis data have been used for aerosol transport com-
putation. They do not make it possible to estimate
good parameters of the convective boundary layer. In
fact, for burning areas the vertical turbulent exchange
was added in the transport model by a source term
(equation {15}) which includes full complex subgrid ver-
tical transport from the surface to the atmosphere. The
model has the property of tracer mass conservation that
permits its use for balance calculations.

The simulation of the aerosol spreading for the SCAR-
B period from August 20 to 29, 1995, showed that the
air mass located below 2 km moved mainly to the south
and carried the smoke until 30°S. A similar transport of
the aerosol is observed on the GOES-8 satellite images.
Another significant transport of aerosol was from the
Alta Floresta region to the northwest.

Although the model seems to have realistically cap-
tured the geographical distribution of aerosel emanat-
ing from biomass burning areas during SCAR-B, it still
needs improvement to represent the quantitative distri-
bution of optical depth.
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