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Estimation of aerosol transport from biomass burning

areas during the SCAR-B experiment

IÍror V. Trosnikov and Carlos .\. Nobre
Centro de Previsão dc Tempo e Estudas CÌimáticos, Instituto Nacional de Pesquisas Espaciais,

Chahoeira Paulista, SP. Brasi l

Abstract. A transport rno<leÌ for the estimation of tracers spreading from biomass
Ìlrrning areas Ììas been developed on the basis of the semi-Lagrangian technique.

l'hc rnõdel consists of a three-dimerrsional Lagrangian form transport equation for

rracers ancl uses the quasi-rnonotonc locaì cubic-spline interpoÌation for calculation
,rf lnknown values at irregular points. A mass-conserving property of the model is

5asccl on the flux-corrected transport method using the aÌgorithm of Priestley. The

transport of the smoke particles frorn Amazonia was simulated for the period from

August 20 to 29,1995. During tÌris period the air mass iocated below 2 km movecl

to ihe south and carried the smoke particles until 30"S.

1. Introduction

The Smoke, CÌouds, and Radiation - Brazil (SCAR-

B) experirrient rvas conductcd in ccntraÌ BraziÌ anri the

southcrn Am:rzon Basin frorrr August 15 to Septcmber

20, 1995, in collaboration rvith U.S. and Brazil ian agen-

cies arrcl academic institutiorrs lMcDou,qal, 1995] The

aim of the expcrirnent was to stuclv thc proprerties of

aerosoÌ and the effects of biomass burlring on regionaÌ

arrcÌ global climate, including estimation of the ernissioti

procluct transport. In tliis strrdy a numcrirlal trans-

port model has bcen dcveloped on thc basis of semi-

Lirgrarrgian tcchniclue lStrt,niforth, un'd Côté', 1991] to es-

tirnatc tÌre clispersion of gas ancl :rcrosoÌ cmissions from

iÌrÌ area with intensc biomass burning. TÌrc rnodeÌ has

becn used for the cstimation of aerosoì transport during

thc SCAR-B cxPerrirnent.

2.  Model

The moclel is based on thc thrce-climensional La-

grangian form transport equation for tracers lBrasseu'r
nnrl MadronLch. 1992]:

taken to be X 
- 0 for bounclary points u'ith an influx

of air,
For the intcgration of equation (1) the semi-Lagrangian

technìque is used. Ever,v time stcp consists frorn trvo

stages. The first stage is to flrrd a soÌution of the trajec-

tory problcm: detcrmine tÌre rleparturc points at tirne

ú - ^ú for arrivai points of regular rnesh at time ú by

using the known ficlds for thesc instants. They are de-

terminatecl by a soÌution of t l ic system of thc equatìons

#  : , r ,  ' #  : , ' ,  ' # :  ' ' '  used  (2 )

with tÌrer conditiotis

t : ( t )  -  t : , , ,  l1 ( t )  :  Yn . ,  z ( t )  :  tn  (3 )

* 'here tr,  n, n) àte tÌrc zorraÌ, mcridiorral,  and vert icaÌ

cornponents of the rvind veÌocit)', usr,,l is rrelocity of

t Ì ie secl imentation of the aelrosol part i t l lcs, an'd Ï , , , ' ! ,r ,2,,

are the reguÌar rnesh coordinates (arr ivaÌ point) The

system is integratcd bacÌ<warcl in tirrie bv tÌre Crank-

Nicolson scheme fWilli'amson' und Ro,sh, 1989):

"a ( t -  
A i )  : " , 111  - f t , , " t r t  + t l , t ( t - ^ú ) ) ,  ( 4 )

where Al is a time step. Thc a index i lrcl icates known

vaÌues, r/ index indicates unknown values which are de-

tcrmincd bv itcrations' The samc equations are inte-

gratecl fcir y ancl z. TÌie seconcl stage corisists of compu-

iations of the vtrlues of tracers on dcparture poirrts and

the sources of tracers on arrivaÌ points:

/  c_ \
x . (ú)  :  x , ] ( t  -  ar )  + aú ( r r , . ( t  

-  At )  + a)  (5)

The unknorvn u''ind cornponcnts and the values of

tracers for thc departure points are obtained by the

quasi-monotone local cubic-spline interpoÌation (see

lBervn,elo rt"nc| Stan'it'orth,, 7992]). If a dcparture point is

àut of the integration area of the rnodeÌ, the boundary

. l a  \u \  n

dt

wherc r)f d,t is the rnateriai clerivative, X : 1r is the

rnixing ratio of tÌre tracer rvith mass clensitv prf p is the

air rnass densitS', Dr : K aY21 is the term of Ìrorizontal

macrocliffusion, I{s is constant, and Sr is thc source

terni (expressed in mass per unit l 'oÌume and time) '

This includes both positivc and negative contributions'

The ÌateraÌ bounclarv conditions Íbr equation (1) are
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Figure 1. GOES-8 r.isiblc image of sniokc c:onr:cntr:rt ion (n) at 1145 UTC, Augrrst 20, 1995. arrcl
(b)  at  1145 LÌTC. , \ r . rgrrs t  29,  1995.

r,ahrcs are ttsecì. Tht: r 'aluc of t Ì lc t lact lr  ts st ' ' t  tr t luaÌ t t l

zcro for arr ival poiÌ Ì ts lor:atc<i bt l lou' t Ì tr l  srrrfact l  oí tht l

E:rrt Ìr .

3. Conservat ion

A conserr,atiorr aÌgorithrn ltas Ìtectl rlt:sigrrctÌ lry usirrg
ic le:rs frorn thc f l trx-correttt t t :d t lattsl lort (FCT) rr icthocl

lPrze.st l ,rry, 1993] .  The solut iolÌ  of t Ì tc trartsport equa-

t ion for eaclt  poirrt  rvi t Ì t  i t rcÌt lx À: is r l Ì l tai tret l  fr t l r t t  tu'<'r

apploxirnatir l trs of t l tc: stt i r t l , i r l t l  at t l r t l  t t t ln '  t i l r le 1evtl l .

t Ìre hìgÌr-orrÌcr solt t t iott ,  1fJ. t l Ìr tainelcl l rv cr.t Ì ; i t l  inter-

polat iorr,  and tÌrc lol ,-order stt l i r t ìon, 1f ,  obtainccÌ bv

Ììncar intcrpoÌat iott ,

\ 1 1  : . t r . r [ I  *  ( t  -  r r 1 ) 1 f r  ( 6 )

b1' sources and tÌre âerosol f l lrx through the late-:..-

Ìrounciarl '  consequcrrtÌy on the time intcrval (/ - l l . -

tr: 
l,x't'(l 

- Àt)p(r - Lt)rlrrt'uttz t

n is thc insiclt: rrorrnal to tÌ 're latcraÌ borrrtt larv 0. Wherl

tire sources :rncl flr.tx throrrgh the latcraÌ Ìloundary are

aÌrsent, tÌrc rnass of aerosol is cortservation vaÌue. The

Priestkrt ' aÌgorithrn is used for cleterrnirration of a6 br'

rnirrirnization of the clifl'erencc Ìretrleen 1Àí ancl 1H n'itÌt

concl i t ion (8) .

4. Simulation of Aerosol TYansport
for SCAR-B Experiment

For tÌ ic sirnulation of aerosoÌ transpclrt, the anaÌysis
ficlrls of tÌre u,ind. teÌnperatlrre, arr<l geopotential height
procìucerri Ìrv tlic CPTtrC gÌobaÌ nunr:rical q'eather fore-
<:ast rnodcl and avaiÌabÌe from SCAR.-B clatabase rvere
usecl. Thc grid of the anaÌ1'ses has 49 x 41 points rvith a
horizontaÌ resoÌution of 1.87õ"x1.875o arid covers SoutÌr
Arner ica Í ìoni  101.25o\V to 26.25 'W ancl  Í ìom 60oS to
15'N. Thc transport model has thc lurrizontaÌ grid colo-

c z, : Lt I srara'uaz i --  
J v

f  . .
C, ,  :  f  Í  

. / ,  
l , t ' "  i r  l Í ) nv (ú  -  ^ l ) d Í ) ,  ( 12

0 ( r i p ( 1

u'l iere crÀ are to Ìrc <thosen srrr:Ìr as
vative scherne Íbr vohrrrie l'

I
L , \ r ,
I  r  

' ( l ' l P ( t  
1 t l ' r t l t l t l . '

,J \:

(7 )

to rrrake thc conser

=  ( , (8 )

q'herr: r 'nÌue C includcs thc tÌrrec tcrms

C : C t + C z * C t .  ( 9 )

C1 is the aerosoÌ trrass Íbr 1he tirtrc ÌrÌorÌÌetìt t - ^t. C2
ancÌ C: arc tl ie eLcrosoÌ ma,ss injectecÌ in the atniosphere
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Figure 2. Simulated aerosol conccntration (arbitrary units) and wind (m s 1) at 850 hPa:
August  20,  1995 ( in i t ia l  condi t ion) ;  (b)  August  23,  1995;  (c)  August  26,  1995;  (d)  August
1995 .
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cated with tÌre anaÌyses grit l, anrl its vertical structure
includes 22 pressure leveÌs from 1000 to 200 hPa, 16 of
which are placed in the Ìayer 1000-700 hPa. The time
integration of the rnodel 'lvas carried out with a t hour
time step, and hourly valucs of the meteoroÌogical eÌe-
ments rvere calcuÌated by l inear irrterpoÌation.

4.1.  Locat ion of  Aerosol  Sources in  Separate
Regions

The sources of the aerosol ,S(r, y, z) were set in the
grid points and were defined by two parameters: the
interrsity of the aerosol injection to thc atmosphere 56(g
--2 s-t) and tl ie totai thickness of the source layer

AP(hPa) . The simple verticaÌ change source model was

s _ g,9o
p  1004P '

rvhere AP is tÌre thickness of the air Ìaver with the
source in hPa, :rnd g is thc gravitationaÌ acceÌeration.
The choice of AP Íbr numericaÌ experiments was de-
termined by SCAR-B data, which shou's layers of higÌi
aerosol concentrations at 1800-2500 m aÌtitude lArtaro
et  a | . ,1996] .

The aerosol measurements during the SCAR-B exper-
iment show that acrosol particles have a size distribu-
tion with a mass peak at about 0.3 pm diameter lArtaro
et al.,1996). It allows one to use the buÌk representa-

tion of aerosoÌ particles for transport calculations as the
first approximation. The velocity of the sedimentatiorr
rvas taken to be 0.001 ms-L lPen,n,e'r et al., 1991a] ac-
corcling to this approximation. Because the calcuÌations
were carried out for a dry season, wet scavenging is not
included in the source.

r  /  , / , , ' -

t / . , -

Ì lsed:
(13)
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Figure 3. SimuÌatecl aerosoÌ concentration cross section (arbitrary units) aÌong 25"S: (a) August
23,  1995;  (b)  August  24,7995;  (c)  August  26,7995;  (d)  August  29,  1995.
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The preÌiminary computations sÌrowcd that the term
of horizontaÌ rrracrodiffrtsion in equation (1) lcads to
a marked increasc of the aerosol spreacling area. For
this reason the simulation of acrosoÌ transport for thc
SCAR-B experiment was conducted u,' i th Ku :0.

In the first numcrical experlrnents the foÌlowing source
parameters were used: ÀP : 162.õ hPa or the source
height u'as about 1500 2000 m, So:7.5 x 10-6 g rn-2
s - 1 .

To Ìink,9s u,' i th Sy, the interrsitv of thc aerosoÌ in-
jection to the at,mospliere Í}orn a firc tcrritory with the
area Ay, the relation

S o A s  :  S 7 A 1  ( 1 4 )

can be used, where An is the modeÌ grrcl ceÌÌ area. For
example, for ^9y:6.993 g rn-zs-1 lPe'n"ner el al., 1991b]
and Án-41500.0 km2, the f i re  area is  Á/ :103.8 km2.

Tire first simulation of thc aerosol spreading fro::.
four separate fire regions during thc period from Au-
gust 20 to 29,1995, is clcrnonstrated (Figures 2 and 3
The centers of the regions rvere placed at the poin-'

wi th coordinates (1)  56oW, 9.5"S ( the region of  AÌ : .
Floresta); (2) 52"W, 18.5'S (between Campo Granci.
and Brasíl ia); (3) 55'W, 17'S (between Canrpo Grande
arrd Cuiabá); and (4) 48.5"W, 13.5"5 (between Portc
NacionaÌ and BrasíÌia). TÌre init ial coridit ions for the
srnoke concentratiorÌ \,'ere set quasi-utriformÌy rvith the
average ciensity in tÌre atrnospheric coltrmrt about of 0.0t,
g m-2 anrÌ the geograpÌric configuration subjectively ex-
tracted from the GOtrS-8 visible irnage at 1145 UTC or.
August 20, 1995 (see Figures la nnd 2a). As shown ir.

Figurcs 2a and 2b, from August 20 ï,o 23,1995, init iallt '

the sirnulated acrosoÌ moved westerll' from the AIta FIo

resta region and southerly from northern Paraguay. B';

24/08/s5

26/08/es 2s /08/s5
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Figure 4. CumuÌatir,e u,eerkÌJ' rurrrrÌrr:r of f ires in
(b)  Íor  August  2r1 -  31,  199õ.

August 29 it reached 35'S" The ÌocatÌons of t l ie cliffer-
ent aerosol solrrces :rrc better seen in Figttre 2b. AÍïer
August 23, 1995, the sirnulatc<l aerosoì bcgatr to spread

southerly Íìom tÌrc Cuiabii rt:giort attcl fortucd a rÌârÌo\v

current which arrivecì at thc ìatitudc bcÌt of 30"S-35"S
(see Figure 2c) .
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the modeÌ gri<l ceÌÌs (a) Íbr Ar.rgust 18-24, arrd

Thc verticaÌ structure of thc southerly simulated aero-
sol currents can Ìie seen in the verticaÌ cross sections of
the aerosoÌ concentratiori aÌong 25'S in Figure 3. Figure

3:r shou's a cÌoss sectiori of the sirnul:rtcrl acrosoÌ current
r,vhich irrclucies aerosoÌ particÌcs from the Rarrdonia re-
gion. In Figure 3Ìr one can scc tÌte acldit ionaÌ simuÌatcd

1 0

60s
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aerosol currcnt from the Cuiabri regiorr. Figures 3c :r,nd
3d sÌrou' the evoÌrrtion of thcsc sirnuÌatcd itctrosol cur-
rents. On account of seclimcrrtation, acrosoÌ particlcs
Ìiave the rìarkc(l rcclistributiori of heìghts clr:pernding on
their Ì ifetime in thc atmospherc.

4.2.  Locat ion of  Aerosol  Sources in  Burning
Areas

For rÌctcrrnirration of the Ìrurrring areas during the
SCAR-B periocl, cÌi i t:,1 of tÌrc NOAA operatiorrai sateÌÌite
monitoring of f ircs Ìravc been used. Thc fire monitoring
ciata are procÌucecl b1' the National htstitutr: for Spacc
Rr:ser:rrr:h / IN P tr ( B razil ) ancl inr:Ìuder r:r rmulativc lveekly
number of f ircs rn grid ceÌÌs of 0.5' l i i t i trrde by 0.5"
longitude. The rlata u,ere userl for 2 u,ccÌ<s, Àugust 18-
24 and 25-31,1995. Tirc clata Ìrar.e beerr rr:mapped onto
the modeÌ cells (scc Figurer,1 ). The firc rurmbers have

been usecl for the dctcrmination of aerosol sources rr
the model grid points

5 QS,

,  
:  

fu r r ' (À , tp , t ) .  
(1õ

250

200

150

: 2 .25x  10 -6  g  m  2  s  1 .  AP :300  hPa ,  an r :
is the dimcnsionless u'eiglrt function propor-

tÌre nurnbcr of fires in the morÌel grid point l:

1 000

250

200

150

100

50

1 0

1 000

500

100

50

' t0

2A 2C

Figure 5. Sirnulatecl i ierosol <:oncentratiotr (p,g --3) and wind (- t-t) at 850 hPa: (a) August
20, 1995 (init i:rÌ coriclit ion); (b) August 23, 1995; (c) August 26, 1995; rind (cl) August 29, 1995,
fbr tÌre experiment rvith loca,tion of the aerosol sources in the burning aÌeiìs.

u'here So
Tr . , (À ,  r p ,  ú )

tiorraÌ to
' r L k ,

t rk
I U t s  -

maxj (ni,)

The vaÌue of u., iies iri the lirnits: 0.03 ( u.' ( 1.
Figure 5 shorvs tÌrc tirne evoÌution of tlic simuÌate.:

aerosol concentration in trrg m-3 on the pressure Ìele-
850 hPa. Onc can see that the principal features of tÌ: '
aerosoÌ spreading arc consisterit with the aerosol spread-
ing Írorn the separatc sources in the first experimen'

( 1 6
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Figure 6. Simulated aerosol
1995; (b) August 24, 1995; (c)
location of the aerosol sources

concentration cross section (pg tr't 3) along 5'S: (a) August 23,
August 26, 1995; (d) August 29, 1995 for the experiment with

in the burning areas.

f he main difference is that aerosol rvas aÌso carried from
'Ìrc continent to the Pacific Occan in the latitude belt
:rom 5oS to 5'N. The verticaÌ structure of this current
.s shown in Figure 6 for the vertical cross section of the
.imulated aerosol concentration in pg m-3 along b"S.
It shouÌd be noted that the values of the aerosol con-
r'entration are cÌose to the observed vaÌues during the
SCAR-B experiment lArtam et al.,19961.

To estimate the aerosoÌ amount for the second experi-
rnent, the components of the aerosol balance have been
ralculated. They are represented in Table 1. shows
:he time evolution of the simuÌated aerosol co The total
. ierosol emission, 3.143 Tg, during 10 days, can be com-
:rareci with annuai aerosol emission in tropical America,
22.0 Tg lPenner et al., l99lal.

{ .3 .  Est imat ion of  Opt ica l  Depth

The quantity of the totai aerosol mass in the atmo-
'pheric column ^ : 

I I Xpdp can be related to optical

depth r by
T  : 1 f f i , / 1 a \

\ r  r . /

where 7 is a specific extinction coefficient. The optical
depth values may be compared with observations. The
value of 7:2.73rrr2 g-1 has been derived for the spectral
channeÌ 0.67 p,m 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 l-995 Value Units

Initial aerosol mass August 20 0.6930 Tg
Total Aerosoì Emission August 21-29 3.1433 Tg
Total Aerosol Flux
Through Boundaries August 21-29 -0.5679 Tg

Aerosol Mass August 29 3.2684 Tg



32,736

scatterirÌg aÌbedo) in regional Ìrazes in BraziÌ cluring the
SCAR-B expcrimerit lRe.it l et ol., 19g6]. Figure 7 shows
the estimated optical depth of t l ic :rerosol for Arrgust 29,
1995. TÌic r:tiÌcuÌatec1 'n'aÌrres are sirniÌitr tcl tÌre vaÌues of
the obscrvations Íbr bioniass ilrrnirrg pcriocls lKo,ut',ma,n,
et al., 19921. TÌre calcuÌatcrÌ Ìargc-scakr pattcrn of the
aerosol clistributiorr for Aupiust 29, 1995, sÌiows a good

TROSNIKOV AND NOBRE: AEROSOL TRANSPORT FROM BIOMASS BURNING AREAS
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Figure 7. OpticaÌ dcpth of t l ie aerosol on the surface on August 29, 1995, for the experiment
with ìocation of tÌre ar:rosoÌ soÌrrces in the burniÌÌc areas.

agreement with the observcci Ìraze on GOtrS-S r'isibÌe
image (see Figure lb). However, the agreement of tÌrc
calculated and observed vaÌues of thc optical depth for
locaÌ points is not so good. Tablc 2 shou,s the (1) modeÌ
estirnated ancÌ (2) obsert'ed optical rÌcpth for the threr.
stations. TÌre obsen'ccl data have becn taken from the
AtrRONET (Aerosol Robotic Nctu'ork) data archive.

Table 2. X,ÍocìeÌ Estimated and Observed Optical Depth Values for
Stations Frorn Auqust 22 to 29. lggb

August 1995

Station 22 23 24 25 29

Alta Floresta
a  1 .30  0 .95  0 .83
b  1 . 1 8  1 . 8 8  1 . 1 3

Brasília
a  0 .04  0 .04  0 .04
b  0 .08  0 .08

Cuiabá
a  0 .06  0 .13  0 .16
b  0 . 1 1  0 . 0 4  0 . 1 2

0 .95  1 .11  7 .20
1 . 1 1  7 . 7 2  1 . 2 6

0 .02
0 .07

0 .09
0 . 7 7

7 .20
1 .30

0 .03
0.08

7 .32
7 .34

0 .02
0 .09

0 .02
0 .06

0 . 1 1
0.08

0.02
0 .08

0 .09
0 .06

0 . 1 2  0 . 1 6
0 .37
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The a is model estimated and b is observed optical depth values.



Although tÌie optical depth Ìer.el rvas simuÌatccl cor-
rectly for the stations, t l ierc is a cÌiscrcpa,ncv between
estimated a,ncl observcd sm:rÌl optic:rÌ clepths. It rnay be
linked rvith the Íbrrrration of aerosoÌ rÌensitv for Brasíli:i
arrcl Cuiabií stations by locaÌ srnall-scaÌc solÌrces during
August 22-29,1995.

5. Conclusions

The transport rnoclcl Íor tÌrc estintatirtri of traccrs
Íïorn biornass burning arc:rs Ìras beerr dcveloped on the
basis of the scmi-Lagrangian tcchnique. The model in-
clu<lcs principal processes ',vhicÌr Íorrn large-scaÌe traccr
-preading for cÌrv season: hclrizoritaÌ arrcl verticaÌ acÌver:-
riorr, sedintentation of aerosoÌ particÌcs, and horizontal
rirrbuìcnt excha,nge. No I'erticaÌ cÌif lusiorr is incÌurìed
Ln the nrodel ber:ause poor boundart' Ìa.ver large-scaÌe
IrnaÌysis data have been rrscd for aerclsol transport com-
:,rrt iLtiorr. They cìo not make it possiblc to estirnatc

;ood parameters of thc corivoctivc borrnclarv layer. In
:act, Íbr burning arcas thc verticaÌ turbrrkrnt cxr:Ìrangt:
l 'as acidecl in the transport moclcl bv :r source term
equation (15)) which includes fulÌ cornpÌex subgrid ver-

rir:iiÌ transport frorn the surface to tÌre atrnospÌiere. TÌre
:rrocleÌ has the property of tracer ÌÌìass corÌservation that
lcrrnits its use for baÌance calculations.

The simulatiorÌ of tlÌc acrosoÌ spreacìing for the SCAR-
i3 periocl Íïorn August 20 to 29, 1995, sÌrou''erÌ tÌr:it the
;i ir mass locateri beÌorv 2 km movecl rnainÌy tcl tÌre south
irrrcl carricrl thc smoke urrti l  30'S. A slniiÌar tr:rnsport of
rìrc aerosol is observccì orr the GOES-8 satell i te images.
.{nother significant transport of aerosoÌ n'as Íi'om the
-\1ta Floresta rcgion to the nortÌrrvest.

AlthougÌr thc rrrodeÌ seerns to Ìravr: reillisticalÌy cap-
turcd the geographicaÌ distribution of aerosol emanat-
ing from biomass burning areas during SCAR-B, it sti l Ì
rreecls irnprovement to rcprcsent thc cluarrtitative distri-
Ìrution of opti<::rl dcpth.
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