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Assessment of smoke aerosol impact on surface solar
irradiance measured in the Rondônia region of Brazil
during Smoke, Clouds, and Radiat ion - Brazi l

T. A. Ta'asova,1' '  c.  A. Nobre, l  B. N. HoÌben,3 T. F. Eck.a zrnd A. Setzer5

Abstract. The irnpact of smoke aelosols on the surfacc solar ìrracìiance in the
Rondônia region of BraziÌ is examined. Thc clirnate of this region is subecluatorial
with two distinct seasons. There is a sÌrarp deciine of the prccipitation and
cloudiness during tÌre dry season which Ìasts from June to September accompaniccl
by arrthropogenit; burning of savanna and Íbrest in Aueust and September wìtÌr thc
resuÌtant strong emission oÍ srnoke irrto iire tropospircie. Thus tlie rnagnitucle of
the coÌumn aerosoi optical depth increases in tÌrese months while both precipitable
water and cÌoud arnourrt decrease irr accordarrce with thc seasonal cycÌe of humidity.
All these atrnospheric constitur-'nts influence thc magnitude of the solar irracìiance
at the sr.uÍãce. In ordcr to assess tÌre aerosoÌ and gaseous effects on the surface
irradiance as colÌìi)ared witÌr inrpact of cloudiness, we perÍbrmerl tÌrc clear-sky
radiative transfer rnodel caÌculations Ìry crnpÌoying a broadband radiatiorr coclc :r.ncl
both aerosol optical depth and prccipitabÌe rvater rctlieved frorn Sun photometer
measurcments. Caìculatiorr results show tÌrat tÌre elevatecl aerosoÌ optical deptÌ,
observed in R.ondônia cluring August an<l September causes a rregativc trenrÌ in
the daiiv mearr clt:ar-sky srtrface solar irrn<Ìiancc cìuring tÌris period. Since thc
cìailv rnean solar irradiaÌÌce nìeasurccÌ at tÌie surÍãce uncler all-skv concìitions
dernonstrates a similar negative trend, it can be explained by the aerosoÌ influence
while thc cffcct cif clouds appears in the claiÌy variations of tlie irracliance. It was
also shown that srnoke aerosoÌs callse a clecrease of the monthlv rnean values of
all-sky surface irradiance in August ancl Scpternber as comparecl witÌr July zrnrl
October. Corresporiding decreases in the near surÍace air ternperature due to the
smoke aerosols wele not Íouncl.

1. Introduction

Tlie statc of R,onclôrrin, BraziÌ. is iocatecl in the soutÌr-
ern part of t l ic Amazoniri basirr. It has a suboquatoriaÌ
r:Ìimate characterized bv high terrrpcr:rtures and irumicÌi-
t ies throughout the 1'ear. NevertheÌess, seasorral varia-
tions of meteorological variables are obscrved ori the
ground as rvell as variations of water vapor amount,
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cÌoud arnount, and aerosols in the atmosphere relatecÌ
to the charrgc of thc rvet ancl clry seàsons lGuslt, et al.,
1996]. The dry pcriotl is Junc to Septcmber, oÍïen
with severaÌ n'eeks without r:rin, and the u'cttest Ìre-
riod is December to ApriÌ. TÌre dominant vr:getation
of thc Rondônia rcgion is tropical rairr forcst. progrcs-
sive clearerice reÌated to :rgr.icultrrre rcsults in biornass
burning u'hicÌr occurs Íïom August through Septcmber
each year in thc end of tÌre dry scasorÌ. TÌrcreforc a
Ìarge amount of smoke aerosols is erriitted into tÌre tro-
posphere during this period.

A large body of cÌimatologictrl data w:rs obtriinccl dur-
ing the Anglo-Brazil i i in Climate Observational Study
(ABRACOS) conducted in Amazonia frorn 1991 to 19g3
Irr the R,onclônia rcgion, thc measurernents of the up-
u'ard and dou'rru,arrÌ radiative fluxes as u,cÌl as mete-
oroÌogicaÌ variables were taken by automntic weather
station at two observationaÌ sites cstablisÌred ncar Ji-
Paraná. TÌre cÌimatologicaÌ clata of surface solar irra-
diance, hurniditv, and surface a,ir temperature collected
during ABR.ACOS from 1991 to 1993 are presented by
C'ulf et r.ri. [1996] without anaÌysis of thc main causes of
seasonal variations of these variabÌes. Iri tÌris studv u'e
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will investigate the data of surface solar irradiance and

meteoroÌogicaÌ variabÌes obtained at the ABR.ACOS site

Reserva Jaru from 1992 to 1995. In orcÌer to cstimate

the effects of water vapor, ozone' trnd srnokc aerosoÌs on

tÌre clear-sky solar irracÌiance incoming at tÌre surface,

ra<iiatïve tr:rnsfer mocleÌ calcuiations were performed

by employing a broadband radiative transfer code and

avaiÌabÌe data of aerosol optical dcpth and precipitable

water obtained in August and September 1995 during

the Smoke, Clouds, and R.adiation - Brazil (SCAR-B)

mission. The broadband racliation code deveÌoped for

this study has tÌre principal features of tÌre shortrva\re ra-

diative transfer codes ernpÌoyed in atrnospheric general

circulation models. The rvater vapor seÌectivel absorp-

tion, ozone continuum abscirption, molecuÌar scatter-

ing, and aerosoÌ scattering arrd absorptiori are cotnpttted

in 17 spectraÌ intervals by using the Delta-Eddington

method for the soÌution of tlie radiative transÍêr equa-

tion irr 23 atrnosphcric layers. The claily ancì monthly

mean values of clcar-sky surface irracliance computed by

the radiative transfer code were analyzecl in coniunction

with data obtained frotn continuous irracliance measure-

ments at tlte Reserva Jaru site arrd in tÌiis wav- smoke

aerosoÌ effect on the all-sky irracìiancc rvas assessed.

Accurate calculations of surface radiatil'e fluxes by

atmospheric general circuÌation rnoclels are a prerequi-

site Íbr adequate simulations of a re1çiotral cìimate. Ner'-

erthcÌess, recclÌt stuciies irrdicate srrbstantiai uncertain-

ties between measured and sirnulated solar irraciiances

at the Earth's surface lwild et al.,799lt; Le Roun et

al., 19941. The probable causes of thcse discrepancies

are the dcficiencies in the shortwave radiative transfer

schemes, as weÌÌ as the inaccurate simuÌation of the op-

ticaÌ pararneters of thc atmosphere and cÌoucl cover by

the modeÌs. In orrìer to studv the accurilcy of the short-

wave racliative schemes uncler the r:Ìelar-sky conditions,

the comparisons were performed Íbr the ground-based

observations of the surfacc soÌtir irradiance taken in con-
junction with Sun pÌrotomcter measurenÌent's lTarasoua
et al., L992; Kato et al., 19971. It n'as shown that the

difference can reach 40 Wrn-z. Therefore ÍÏ lther com-
parisons are required to estimate the accuracy of short-

wave radiation codes in various atmospÌreric conditions.

In this study, we compare the modeÌed ancl measured

cÌear-sky surface irradiances using clat:r sets obtained

cluring SCAR-B at the observational sites of Cuiabá and

Potosi NIine.
The observational sites Rcserva ,Iaru, Cuiabá, Po-

tosi Mine, and Ji-Paraná, rvhere Sun photometer, pyra-

nometer, and surface air temperature measuremerÌts

were taken during SCAR-B arc described in section 2

as well as instruments utiÌized for the measurements.

Section 3 presents the annual cycle of cloudincss in the

Rondônia region based on the sateÌÌite data as weÌl as

seasonal variations of meteorological r'ariables obtained

from the long-term measurements at the Reserva Jaru

site. Section 4 describes the radiative transfer code de-

veloped and presents a comparison of the caÌculatecÌ and

measured clear-sky surface irradiances at the Cuiabá

and Potosi Mine sites. In section 5 we describe the

claily and monthly mean values of the cÌear-sky surface

irradiance at the R,eserva ,Jaru site computed by the ra-

cliative transÍêr code anrÌ a,naÌ1'ze them in conjunction

with aÌÌ-sky surface irradiance continuousÌy measured

at this site. The results and concÌusions are discussed

in section 6.

2. Descript ion of Observational Sites
and Instruments

Simultaneous rrÌeasurements of thc direct beam so-
lar radiation and the broad band soÌar irradiance v/ere

taken in August and Septernber 1995 at two observa-

tionaÌ sites, one in the R,ondônia region: Potosi Mine
(9"16'5,62 '52 'W) and another  in  N{ato Grosso:  Cuiabá
(15"30'S,56"00'W) . The direct bcarn solar radiation

was measured every 15 rnin by a Cimel Sun photometer

at the wavelengths 340, 380, 440, 500, 670, 870, 940,
arrd 1020 nm lHolbe'n et al., 1996). The cìerivation of

the aerosoÌ opticaÌ thickness at 500 nm was accurate
to 0.02. The lxoadband solar irradiance meâsurenÌents

were taken at a 1 to 5 min s:rmpling interval depending

on tÌre sitc lEck et al., 19981. The totaÌ soÌar irradi-

ance (285-2800 nm) was rrÌeasurecl with trppley preci-

sion spectral pvranometers, ancl photosyntheticaÌly ac-

tive radiation (PAR) (400-700 nm) was measured with

Skye-ProbeterÌr PAR Energy sensors (SKtr-510). The

errors in measurecÌ irracliance are estimated to be ap-

proximately 1.5-3.0% for both sensors lÜck et o/., 1998].

Tire Potosi Minc site is an abandoned tin mine, with

only sparse vegetatiorr and bare soil for a distance of at
least 200 m from the instruments, and with dense for-

est surrounding the clearing of the mine site. The Sun
pÌrotometer and pyranometer at the Potosi Mine site
were located on top of a srnaÌl hilÌ within the cÌeared
mine site, with an unobstructed horizon in all direc-
tions. The surface in Cuiabá is savanna with a mixture
of buiÌdirigs and parking Ìot in the immediate vicinity.
The Sun photometer and pyranometers were Iocated on
the roof of one of t l ie buildings of the Brazil ian Insti-
tuto Nacional de Pesquisas Espaciais (INPE) , affording

a ncarly unobstructed Ìrorizon in all directions.
Sun photometer measurernents were taken aÌso at

the J iParaná s i te  (10"51'S,61"47lW) by the Cimel  Sun
photorneter mounted on the top of a water tower, about
25 m above grourrd level, on the immediate outskirts of

the town, rvith the surface surrounding the site com-
posed of a mixture of buiÌdings, roads, and vegeta-

tion. The obsen'ations of the irrcoming solar radia-

tion, net aÌl-wave radiation, near surface air tempera-
ture. and humiclity were conducted at the Reserva Jant
(10"05'5,61"55'W) s i te  of  ABR,ACOS ìocated about  80

km north of Ji-Paraná where the autonlatic weather

station was rnounted orr the top of a 52 m talÌ tower,

wliile tlie rnean height of the forest canopy was 33

m. The totai downward solar (300-3000 nm) and net



aÌÌ-q'ave ra<Ìiatiorr \\,erc measured bl' CN,I-5 solarimeter
(Kipp and Zoneu. DelÍï. Nethcrlarrds) and br,. a singÌe
rlome Q*6 racliornetel (R,acliatiorr Energy Ìlalance Svs-
lcm , Seattle, Washington), respcctivcÌv, at a 5 rnin
sâÌrÌpling intr:rrraÌ. TÌrc error in rneasured flrrxes, rvhich
werre rer:ordecl ils hourÌy rìvetrage clata, is estimatccl to
be abortt *1% arrcl Í3%, respectively. The rrcar sur-
iace air ternperatrtre and cÌe-,v ltoint ternytctraturr: .lvere

recorclecl every 10 minrrtcs b1' u,'et and dry buÌb platinurri
lcsistancc therrnonretr:rs (Diclcot Instrument Cornpanv,
-\bington, EngÌand), an<i then a\reraged over t hour.
These thermometers a le actr r rate to t0.1-C.  ' Ihe 

wa-
ter vapor pressure rvas caÌcrrlatecÌ b5t using clew 1toìnt
r (,rrìperature claï,a lTetert s. 1930] .

3. Background Climatology
' l-1. 

r ' l in-rat,e of the Rondônia region ìs charactcrizcci

Dy :ì strong change of thc rnontÌrÌv prertipitation Íiorn
200 mrn in ApriÌ <lou'rt to i tuut it i  JtIv lÌ{oLtre et al.,
1996] . The cÌr-v period is Jtrnt': to Scptelnbet rvÌrett lt cor-
rcsponding clec:rcase of the cÌorrcl t:ovcr artcl cloud rvater
content also occurs. Tlicre are ferv grouncl-lriisc<l ob-
servations of tÌre cÌoudiness in Amazonia nnci central
BraziÌ. SatelÌite observations from 1987 to 1988 over
the Ji-P:rraná rcgiorr sltou, tÌra,t thc rnorrthÌr' rnean rtÌotrcl
cover clÌanges Íì'om 80% in April to l5':/a in Juh', 2i% in

Augrrst, and 55% in Septembcr l&ossow und StÌt i,JJer',
1991]. The conventionai visual observzrtions at tÌre air-
port in Porto \reÌho, located aborrt 250 km northrvest of
Ji-Paraná, recordecÌ scattcred cloucliness of middÌe i ind
high ÌcveÌs rvith cÌoud covcr less than 50% frorn Arrgust
15 t i Ì l  September 15,  1995.  dur ing SCAR-8.

In order to cÌescribe backgrounrÌ tneteorologiczrl con-
ditions in the R,onclônia region, u,'e croÌnprltcd ruorrtÌrÌy
mearr vaÌues of the radiative ancÌ mcteorologicaÌ r'ari-
ables, coritinuously rnea,surecl at thc R.eserr.a ,Jaru site

from 1992 to 1995, artt l avetagecl tÌrern ovcr'1 years. TÌre
clailv average solar irradiancc incoming at the top of t lte
atmosphere, S16p, âtrd at the surface, S; , is shown in

Figure 1a, t 'hilc Figure 1b presents daiiy rninirnurn and
claily maximum surf:rce air terrtperatures, 7.r1,r,7,r.o*,
and daili' averiìge u'àtcr vapor pressurc e . The values
of Slo' wcre calcuÌated using tÌrc solar consti int 1367
Wrn-2 fFroh,Iich, a,nd, Londort, 1986]. TÌre minimum of
76;n and e occurs in JuÌy with 1 montÌr delay compared
to the minimum of ,51sp in ,June. The quite diflêrent an-
nuaÌ cycle of the rnonthly mcan daiÌy rnaximum suriãce

air temperature was found. The values of 7,.n* increases

from ApriÌ to JuÌy, probably, due to increasing of 51

related to tÌre decrease of cloudiness during dry season.
The decreasing of the surface soìar irradiance in August

ancl September as compared with July and October is

related to the smoke aerosol impact as shown in sec-

tion 5. Note that the maximum temperatrÌre changes

slightÌf in these months. Data obta.irrcd in 1995 are

also shown in Figures 1a arrd 1b. As a resuÌt of Ìrtrvt:r

cloud cover and lower rainfaÌÌ, the higher temperatules
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Figure 1. (u) \,{onthly mean values of incident solar
irracliarrce computed at the top of the atmosphere,,9loo,
ancl rneasured at the surface at thc R.escrva Jaru (R.,I)
site, ,91. (b) Daily rrrinimum and daiÌy maximum surface
air temperatures, ?,,ri,.,2,rr"*, and daiÌy average water
vapor pressure e measured at RJ site. AsterisÌ<s, 1995
clat:r; tr iangÌes, 1992-1995 averages.

compared to 4-year averages were observed Íiom May
to Septemberr 1995 which Ìead to the extensive biomass
Ìrurning in that year.

4. Methodology for Computation
of Solar lrradiance

The clear-sky radiative transfer model caÌculations
were perÍbrmed by the broadband radiative transfer
code described in this sectiorÌ. Inputs in the code are
the aerosoi opticaÌ depth arid precipitable \üater mea-
sured by Sun photometer. OpticaÌ and physical pa-
rameters of the atmosphere which werc not available
from the SCAR-B field measurements v/ere obtained
from standard atmospheric profiles of meteorological
eÌements and aerosol rnodeÌs. Thus the aerosoÌ single-
scattering aÌbedo c/s and asymmetry pararneter g of the
phase furrction of aerosol particles computed by Mie the-
ory for three aerosol models were utiÌ ized. The values of
these parameters in different spectral ranges are shown
in Table 1. The continentaÌ aerosol model lWorld Me-
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Table 1. AerosoÌ SingÌe-Scattering AÌbedo írs arÌd
Asymrrretry Parzrrneter g :rt WaveÌength 0.5 pm and
AÌso Averased Over TÌrrcc Near-InÍiared Bantìs

0.5  pm 0 .7-L22 p ,n  1 .22-2 .27  p t t t  2 .27-5  p ,m

uo

I

0 .891
0.637

0.866
0 .623

0.999
0 .726

C ontinental Aero sol M odel
0.835 0.76.1
0 .632  0 .663

Smoke Aerosol Model
0 .813  0 .722
0.609 0.603

Stratosph,eric Aerosol Model
0.999 0.999
0.636 0.137

0.696
0.779

O.5BB
0 .631

0.440
0 .173

uo

I

tc,orolottiutl Orgurizut' ion (WMO), 19E6] consists of arr
irr sitrr origiri subniicrorr rrrorÌe (29% oÍ tÌr<: total voÌ-
ì-rrnc)) nÌirìcraÌ coarse particlo rnorie (70%), :rncl a fine
mode of soot (1%). Thc foÌÌou'irÌg iÌ\,eri:ìgc t:omposition
of srnokc iìerosols \\rìs obtairìc(l chrring SCAR-R lArtaro
et  a l . ,  1996] :  71% submir : rorr  l rar t i r : lcs.  17% coarse par-
ï,ít:k:s.7Yc oceatric particicrs. an<l 5% sout. \\ 'c caÌcuìa"tecl
thc vahres of 1..'6 :Lnrl .q Íor this srrroÌre rrro<k:Ì also ancl

. uscd tìrcm ili tÌre tr<tpctspher'ìr: Ì;rvrtrs. r.t'ìriÌc the striìto-
spheric aerosol rno<lcÌ IWMO. 1986] u,as incor'poratcrl
in the stratospÌrere. Sonrr: trurrrr:r ' ir:a1 cxltr:r. inretrrts u'erc
rriarÌrt uritÌr the corrti irt:nta1 acrosoÌ rnu<letÌ itr thr: tropo-
spÌrere. as n'cÌl as nitÌ i thcr transÍbrrnecl srnohe rnocleÌ,
in n'hicÌi the aerosoÌ singÌc-sca,ttering aÌbedo at 550 nm
ut:rs r:Ìrangecl to ",-,5,;,9 : 0.95 rvitÌr ttrc sarne sÌrape of the
spectra.

4.I. Broadband Radiative TYansfer Code

Thc ra.diatÌt 'c tri irrsÍèr scÌrcrrre is Ìrascrl on thc verti-
irirÌÌy inÌrornollcrÌcoris Delta-trcÌclington t,crchrriclw l,I o s r:1th,
et al., 19761. Computaticlns aÌc <:arricrÌ out Íbr 14
irrterva,ls in 1.iret visiblc anrl rrltr:n.ioÌ<:t soÌar spcctrurn
(0.2 lrrn < À < U.7 1r,rn) iurcl Íbr thrcr,r barr<ls in thc neiir
irrÍ l ' ir.rocl rcgiorÌ: (0.7prn < ) < 1.22 pn), (1 .22 pn 1
^ < 2.27 prr r ) .  a ,ncÌ  (2.27 p.n < À < 5.0t r i r r r ) .  The r rp-
pnr bouncìary of tÌ ie tÌrlrd banrÌ is 2.8 lrrn for tÌre casc
of conìpÍìrisorr u'itÌr 1)),rarÌoÌnotel' ÌrÌoiìsureÌÌìerrts an<l is
10.0 pim in cornparisons rvith l inebr.-l ine calcuÌations.
The molecular scattcring, absorption, and sr:attering by
aerosoÌ particles, a,s u'eÌl as the absorption Ìrv the watcr
váìpor ând ozone arc taÌ<en into account. In orclcr to cal-
cula,te the soÌar racÌiatiorr absorptiotr Ìry u'atcr viipor in
the scattering aerosol Ìa1,er, tÌrc A-distributiori method

lWiskom,be a,n,d Euans, 1977] is utiÌ izcd by irrcorporat-
ing the eÍ1èctivc pa,rametcriza,tiorrs Íor the À-rl istribution
Íunction presenterÌ by Ch.ou, ottd Lcc:11996]. Trr corrrpute
the soÌar r:rclia,tion absorption lty ozclne, thr: broadband
absorption coefficients of O3 prcpiìreclIw Bri,egleb 11992]
are adoptecl. Itr the computations of the integral solar
irrzrdiance, we Ìlse thc extraterrcstri i ÌÌ solar spectrurn
prescnted by Frohlich, antl, Lonclon [1986].
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4.2. Pararneters of the Atrnosphere
and the Surface Adoptecl for Use
in the Radiative Transfer Code

The follou,ing iÌtmosJ)lÌelic parameters \vere acloptcd

for use in tÌre racliativc transÍcr cotÌe frortt standard

rnocÌerls. 'ïÌru vcrrtical profile rtf tÌre rnolccuÌar scattcr-

irrg <rocÍÍicient is contputerlTtv Pcn,dorlis [1957] ÍbrrnuÌa.

TÌie Ìieiglrt distribution of ozono atrrount is eitÌre'r trop-

ic:rl atmospÌìere profiÌo or ÌÌÌi(llatitLlde sunÌmer proÍilc

lMr:Clo,tcÌter1 r:t ul.. 7972). TÌre nornt:rÌizcrÌ heright cÌis-
trlbution of thc rvatcr \ràpor iìnìor1nt is onc of tlrto stan-
darrl atrnoslrherer profilcs cÌivicÌecl Ì.tv its t:oÌurnn lt'ater
vapor :ìmount. TÌie normaiizccl heiglrt cÌistributiorr of
tÌre ar,rrosol cxtinction cocfficieÌÌt irr the boundary Ìaver
of the atmospherc is cit l ier conrrectivr: (CONV) or con-
tirrental (CONT-I) profiÌes lWMO,1986] dividcd by the
corrcspoÌÌcling srrrfacc cxtinction <:oerfficicnt 6.r. The
aerosoÌ extinr:t iorr croÉìÍfioicÌìt at 550 nnt Ìra,s ttxprtnenti:rÌ
cÌistribution rvitÌr licight in thc Ìox'cr ,1 hrn atmospÌreric
Ìiryer irr tÌ ie f irst ca,se (CON\"), E : €s exp Çzll.0),
a,ncÌ it is constarrt in t ire Ìos'cr 2 kln layer in the seci
ond ciìse (CONT-I) . € : €s = 0.1 Ì<rn t. The surfiìce

aibeclo ovcr sa\rÍìnrÌa antÌ clcariÌÌgs \vorc assttmed ttt be

0.06 in thc visible sJ)ectluln arrd 0.28 in tÌre Ììeal in-

frareiÌ i\s wcll as 0.04 and 0.22, respect,tvelyì oïer the
tropicaÌ forest. Thcsc vaÌues of surface aÌbeclo are prc-
sentecl by Bri,eqkb [1992] Íor thc rrir:cl irrrn/talÌ grassÌand
and r:vt:rgreren broarllcavc<l Íorcst. Thc corresponding
integrtiÌ surÍilcre a,ÌÌredo is irr a good agreernent n'itÌr the
tÌata rncasurcrl irr AnrazoÌÌia ÍìorÌÌ 1991 to 1993 :it the
ABRACOS si tcs IC'u l , /  e t  a\ . ,7995):  0.17 over  thc grass-
lancl ancl 0.14 ovcr thc Íbrcst irt Septcrnber.

4.3. Testing oÍ'the Radiative tansfer Cocle

Thc ac:r:urar:y of thc broiLrÌband radiation r:ocÌe cnn
bc cstirnated when courparcrl to ava,iÌablc rcference cal-
r:uÌations arrrl oÌrscrr':rtionaÌ clata. 'Iiibler 2 preserrts the
soÌar rarÌiatiorr absolption bv r,vater vapor :rncÌ ozono in
the atnrospherir: coÌurnrr cornputcd lty the broadband
rtrdiative transfer code (BRTC) dcveÌopeci for the stucll '
zrncÌ Lrv tr.vo prercise Ìine-b1-liy161 (LBL) techniqucs lClr,oz
urt,d Lr:.e, L996; Fonr,'i'rt, art,d, GersÌtn,tt,ou, 1996]. TÌre LBL
cirÌcuÌatioris of Forrri,rr, n,rr,d Gershctnor [1996] \vcre per-
formed for gaseous atrnospÌrere rvith arrd rvithout ìncor-
poratiÌÌÍl the rnodels of corrtirruaÌ itbsorptiorr by rvatcr
v,r:ìpor lClouqh r:t al..1989);r.s u' 'ell as of CO2 ancÌ ()2 :rb-
sorption bands. 'Ihc rliflcrenr:e relatecl to the rviiter va,-
por continual absorptiorr is about l0 W rl-2 computed
Íbr mi<ÌÌatituclc surnmer atrnosphcro at tÌre soÌar zcnith
angÌe e(l lÌ i ì l  30'. The clifferetrce is about 9 \\ 'ru 2 clue
to both CO2 and 02 absorption. Aiso tÌre additional
\\rater vapor selective absorption rvils about 5 \\'nt I in
tlre visiblc regioÌì of soÌzrr spectr'ÌÌrn 1t:ss than 0.7 ptm.
TÌrese firrc cffccts wcìre Ììot incorporatccl irr the Ìrroa<Ì-
band code. \\'e are pÌa.nning to irrclucle: lhern in ther
next version of tlie corlc arrrl also perlbrm detailcd t:om-
parisoÌÌs rvith LBL calcuÌrit ions. On the otl ier Ìtand,
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Table 2. Absorption of SoÌar R.adiation in the Atmosphere-Surface
System, at the Surface, and in the Atmosphere Column, Calculated
for the MidÌatitude Summer Atmosphere
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lVater Vapor
0 .7-10 .0  pm

Ozone * RayÌeigh
0.2-0.7 pln

R.adiation Codes d : 3 0 ' 60" 300

CÌrou and Lee [906\
BIì:TQ

Chou and Lee [1996]
BRTC

Chou and Lee [1996]
BR,TC
Fomin and Gershanov 11996]
Fomin and Gershanor'  11996]"

Atmosphere- Su.rface Áb s orptíon
543.4 315.0 429.0 236.2
'144.8 31ô.O 424.b 234.0

Surface Absorptt,o'n
369.4 202.3 394.5 211.4
368.6  201.6  390.6  209.5

Atmo sphere Ab s orpt ' ion
774.0 rr2.7 34.5 24.8
176.2 114.7 34.0 24.5
777.1
187.8

Units in Wm-'.  The surface albeclo is set to 0.2:
angle. BRIC, broadband radiat ive transfer code.

^The model of continuaÌ absorption by rvater vapor

á is the soÌar zenith

is incorporaterl .

models of continr.raÌ absorption b1' u,:rter r.apor. CO2
ancl 02 sÌrouÌcÌ ber more tiroroughly testecÌ tÌrernsclr'es.

At present, tÌ iere arc fcrv l ine-by-line caìculations of
solar raciiative fluxes in the scatteriÌìg aerosoÌ atmo-
sphere with gaseous absorption. In orcler to preparc
test cases for further comparisons, rvc purformecÌ com-
putations for thc tropictr"Ì standard atmoslrÌrere run-
ning the broa,dband radiative transÍêr corÌe trvo times,
rvith ancÌ without aerosols. In the tropospÌrere, tÌrc
values of aerosol single-scattcrirrg albeclo and iLsl'rnme-
trv pârameter as v/eiÌ as tlÌe norÌÌÌaÌizecÌ âcrosoÌ opti-
caÌ depth waveÌength dependence âre Íiom the smoke
iìerosoÌ rnodeÌ. TabÌe 3 shorvs the solar radiation ab-
sorption by' rvater \.àpor arìd ozone itr tÌre rnoiecrtÌar
scattering atmosphere in the first coÌurÌÌrÌ. Ìn tÌre sec-
ond column there is thc change of absorption clue to the
backgrouncl aerosols charactcrizcd bl' thc foÌÌon'ing pa-

riìmeters: extinction coefficient at the srrrÍace e" : 0.2
km- 1 

, columrÌ opticaÌ thickness rrtito : 0.22, and CONV
profi le of e. Then €s wiìs irrcreased by 2,4, and 8 times.
With the increase of the aerosoi extinction coefficient
the soÌar ràdiâtion absorption increases irr the atmo-
sphere anri decreases at the surface. The total effect
is the decreasing of the absorption in the atmosphere-
surface system. Almost the sa,rne vaiues of the soÌar
râdiation absorption were obtâined with another vcr-
ticaÌ profiÌe, CONT-I, of the acrosoÌ extinction coef-
ficient for the same column aerosol optical thickness.
The difference was less than 3 \\ 'rn-2. On the con-
trary, the profiles of the solar heating rate differ for
CONT-I arrd CONV height cÌistributions. In the first
( a s e  r l r e  s t r o n g e s l  h o a t i n g  | a l e  i s  n e â r  t h e  t o p  o f t h e  2
Ì<m aerosol layer, arrd in the second case it is ncar thc
surface.

Table 3. Absorption of Solar R,acliation in tl ie Tropicai Atmospherc b)' Water
Vapor and Ozone, anri Change of Absorption due to the Smoke Aerosol Impact
Computer l  Wi th the AerosoÌ  Opt icaÌ  Thicknesses r55o :0.22,0.12,0.81,1.6

H z O ' O :
d R.avlcigh

6 " : 0 . 2 k r n - Ì  e , : 0 . 4
rsso : 0.2'2 T55o

r  - l
K m  5 s :  U . õ

: 0 . 4 2  7 b 5 o

r  - l  - l
K M  5 S  :  I . U  K I n

:  0 .81  r , rso  :  1 ,60

Atmo sph ere- surf ace ab s orpt ion
-0 .1 - 1 . 130" 968.5

60" 547.2
-3 .1

-25.1,

-123 .7
-  109 .5

+120 .6
+84.4

- 6 . 1
-34 .1

q t l  a

-180 .3

+226.6
+746.2

30' 7 45.4
60' 401.7

30' 223.1
600  145 .5

-9.8 -16.2

Surface Absorpt'ion
- 3 2 . 5  - 6 3 . 6
- 3 4 . 4  - 6 2 . 3

Atmosph,cre Ab sorpti ,on
+32.4 +62.5
+24.6 +46.1

Units in W rn-". Variable s" is surÍìrce aerosol ext inct ion coeílcient
soÌar zenith anglc; t Ìre surÍace albeclo is set to 0.2.

at 550 nni; d is
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TabÌe 4. Six Time Periods During SCAR-B When the Measurements of
Both Aerosol OpticaÌ Depth and Broadband SoÌar Irradiance Were Taken
Under CÌoudless Conditions

Period Site Local Standard Time rszo

7 : 3 0 - 1 1 : 4 5
1 2 : 0 0 - 1 4 : 3 0
1 1 : 4 5 - 1 6 : 0 0
8 : 3 0 - 1 0 : 1 5
9 : 0 0 - 1 0 : 4 5

7 7  : 0 0  -  1 2  : 0 0

thickness at 550 nm; P., totaÌ precip-

I
I I
I I I
IV
V
VI

Cuiaba Aug.
Cuiaba Ang.
Cuiaba Artg
Potosi Mine S"p.
Potosi l\'Iine Sep.
Potosi N{ine Sep,

0 .34  1 .89
0 .43  1 .87
0 .74  1 .41
r .94  3 .56
2 . 7 4  4 . 1 3
2 .46  4 .30

2 8 , 1 9 9 5
2 8 , 1 9 9 5
27, 1995

4,  1995
4 ,7995
4, 7995

ro
b
F

Variable -55s, column aerosol optical
itabÌe water in centimeters.

Six time periods rvhen Sun photorneter and surface

irracìiance measuremeÍits have been taken under cÌoucl-

ìess conditions at the Cuiabii ancl Potosi \ '{ ine sites were

seÌected for the comparison of morlcled tlncì measurecl

cÌear-sky surface solar irradiances. TabÌel 4 presents the

aerosol opticaÌ thickness 7556 at thc n'avellcngth 550 nm

3.O

(a) vr
2's I ttÈ

[  "  a  t r  s  t r  t r  n  n n '  v
2 .0 .

-  u  o  t r  E u  I
a  a  .  ^  l v l

À a -, a a - l
t . s !  l

i l. l
1 . 0 i  I

I o  o  o  o  o  o  o  o  o o o o o a g  l l l  ]
o ' 5  I  x  *  x  x  x ) * x x r * .  ! l  I

COSINE OF  SOLAR ZENITH  ANGLE

0 2000 4000
WAVELENGTH, nm

Figure 2. (a) Aerosol optical thickness at 550 nm
(AOT550) measured by Sun photometer during six
time periods shown in Table ,1. and (b) the normal-
ized rvaveÌength dependence af aerosol optical depth,
AOT/4OT550, averaged for each period; the solid
curve presents AOT/AOT550 computed for continen-
tal aerosol modeÌ, and the dashed curve is for the smoke
aerosol model.

and precipitable lvater P.u, obtained Íbr each period'

The r.aÌues of r55o \\rere computed by interpoiating the

values of r5,6e ancÌ r67e cierivecl frorn Sun pÌiotorneter

rneasurelrÌents at 500 and 670 rtm, respcctivcly' Precip-

itabÌe rvater (P,,,) lvas retrieveci from Sun pÌrotometer

nìeasurements at 940 nm. Figure 2a' shor'r's tlte values of

T55s Ìrt€âSüred every 15 min, and Figure 2b presents its

normaÌizecÌ rvaveÌength depenclence, rxlrsso, averaged
for eacÌr penorl. There are t,he {airly goo<l agreement
bet'nveen merasurecl and rnoderletì aerosoÌ optical depth
u'aveÌength cìepenclences in the visibÌe rarige Íbr both
smoke ancl contincntal modcÌs. The photosyntheticalÌy

active racÌiation (0.4 pm ( ) < 0.7 pm) ancl total soìar
irracliance (0.285 pm < À < 2.8 pm) aÌso measured at
tl ie Cuiabá and Potosi \ ' I ine sites dLrring these periods

are shorvn in Figure 3 as a Íïnction of cosine of solar
zenith arrgÌe.

The values of the aerosoÌ optical dcpth and precip-

itabÌe rvater obtained from sun pÌrotometer rlÌeasuÌc-
rnents takerÌ e\rery 15 min at t l ie Cuiabá anrÌ Potosi
\, l ine sites servt:d as inputs in the radiative transfer
cocle. CalcuÌations nere performed rvith either mea-
surecl or modeled aerosol opticaÌ deptli normaÌizeci wave-
iength dependence in the visible region. Note that there
is no substantial difference between computed visibÌe

soÌar irradiances at the surface in tÌrese cases. \t lod-

eled aerosoÌ optical depth n'aveÌength dependence was

used in the near irrfrarecl range cÌue to the lack of sun
photometer measurements at rvavelengths grcater tÌran

1020 rrm. Figure 3a shorvs the photosyntheticall l '  active
radiation (PAR) cornputed by tÌre code. For period I

n'ith aerosoÌ opticaÌ depth isso : 0.34 the irradiances
r:aÌcuÌatecl u'itÌ i  the srnoÌre acrosoÌ model (osro = 0.866)

as rveÌi as the continr:ntal tnodel (rsso :0.891) are in

a good agreement rvith the me:rsured data. The use of

the smoke aerosol rnodeÌ in the computations instead of

tÌie continental model resuÌts irr thc smalÌer difference

between measured and calculated PAR for period III
nith isso = 0.744. In order to obtain the good agree-
ment for periods V and !'I lvith I'erv higÌr aerosol op-

tical <lepths r5-oo = 2.14,2.46, rve used the transformed

smoke aerosol modei with the aerosoi singÌe-scattering
albedo at 550 nm changed to c,r55s : 0.95 and with

the same normalized wavelength dependence. TÌre in-
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burning compared to more flaming phase combustion in
the savanna regions around Cuiabá.

Larger uncertainties \Mere obtained between modeled
and measured totaÌ solar irradiances. Figures 3b and
3c show that even for period I with small aerosoÌ op-
tical depth is50 : 0.34 there is a difference from 20
to 40 Wrn-2 obtained with aÌl the above mentioned
aerosoÌ rnodeÌs. TÌris diffêrence is caused, partialiy, by
soÌar radiation absorption bv COz, 02, and water va-
por continuum which is not incorporated in the code.
Better agreement rvas obtained for periods IV,V,VI
(7sso ) 2.0) when the transformed smoke aerosol modeÌ
r,vith a-r5,5,s : 0.95 was utilized in the calculations. The
difference betweeri caÌcuÌated and measured daily aver-
age totaÌ solar irradiances is 2 or 3 times srnalÌer than
tlie difference obtained at high solar zenith angÌes be-
cause it is computed by integrating instantaneous values
over the day and then dividingby 24 hours. Therefore
tÌre accuracy of the caiculations for daiÌy average soiar
irradiance by this code should be Ìess than 20 Wm 2.

5. Modeling of Gaseous and Aerosol
Effects on Surface Irradiance

Tlie vaÌues of daiÌy average clear-sky soÌar irracliance
at the surface were computed for 4 days irr the be-
ginning of ALrgust and Íbr 16 days Íï 'om mid-August
to mid-September 1995 at the Resen'a Janr site. The
Iìearest Sun photometer measurements were taken at
the Ji-Paraná site located 80 km Íiom Reserva Jaru.
The aerosoÌ opticaÌ depth -55e and precipitabÌe rvater
P- derived Íiorn Sun photorneter rrÌeâsurememts served
as inputs in the radiative transfer code. Figure 4 shows
tÌrc daiÌ1' average values of -56e and P,,,. The eÌe'n'a-
tion of -55s aÍïer nrid-August is reÌated to arr irrt:rease
in biornass br-rrriing and ri resuitant Ìarger smoÌ<e aerosol

. o
o - oo ,

1 s 1 0 1 5 2 0 2 5 3 0 4 9
AUGUST SEPTEMBER

Figure 4. D:ri iy average aerosoÌ optical thickness at
550 nm (AOT550) (pÌuscs), and precipitable u'ater in
centinretcrs (cliarnonds). Data n'ere retricved froni Sun
photorneter measuterrÌerits taken at the Ji-Paraná site
ciuring the first days of August 1994 and Íìorn rrrid-
August to rnicl-Septernber 1995.
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Figure 3. (a) Photosyntheticallv ar:t ive raclia.tion
(PAR.) and (b,c) total soì:rr irracliarrcr: íìrr six t irne pe-
riocls sìror'r'n in TabÌe 4 ancl in Figrtrer 2. lÍeasurr:cl clata
:rrc clerroted by svrnbols, rvhiÌe the vahtcts crtrnputlt l witÌr
the contirrerrtal aerosoì mocÌeÌ (r8tu : (J.89) arc rlcnotecÌ
by solid curves, u'ith srnoÌ<e aerosol rnocìcl(c., ' f i50 : 0.87)
by dashed cllrves, and u'ith ,8uo : 0.95 Ìrv cÌclttcd-
clashecì curves.

creàse of tÌrc singlc-scattcring albcrlo in Ìrcavy srnoke
Ìrazes are causccl, probably. by a cornbirration of Íac-
tors reÌated to agirrg such as prlrt icÌc coaguÌatiori, gas
to particÌe conversion, a,ncl cloucl pror:cssing of acrosols.
In addition, tÌrere is Ì iÌ<cly a Ìrigher Íì 'acticrrr oÍ snrolrlcr-
ing phase cornbustion in R.ondôni:r cluc to sorrrc Íix.est
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Figure 5. (a) Dail1' average inciderrt soìar irracÌiance
,51 continuousll' nieasured at tÌre Reservu Jaru site in
August and Septernber 1995, as u'eÌÌ as cornputed at
tÌre t<,rp of tÌie atrnospherc Sluo iurcl at the surface Íbr a
gaseous cÌouclless atrnospÌrere (diamonds) arirl gaseous
cÌoudiess atmosphere rvitÌr aerosoÌs (pÌuses). (b) Daily
maximum arrd dailr ' '  rninimurn surÍuce ti ir tempcratures,
7,ra*,7,,ri,r, arrÌ daiÌy iì\rer:Ìgo water viÌpor ptrssure e itt
rnil l ibars measured at the R.eserva Janr sitc.

ernission rvhile the grorvth ,rf P,., is rr,Ìatecl to the main
seasonal trencl of humirÌity discussed in sectiorr 3. The
rnagnitude of tÌre aerosoÌ optical thicÌrness obta.ined in
tÌre begirrrrirrg of August l99tl approiichcs the preburn-
irrg period leveÌs at this site lHollten et ul., 1996].

The ladiative tÌ iìrìsÍêÌ code rv:is nrrr 2 tinres, rvith
and without aerosols. TÌre sirrgÌe-scattcring aÌbedo and
asymrnetry pararneter of tÌtc smoke aerclsoÌ model were
aciopted by the code in the a"trnospheric layers belorv 12
krn rl,herr i;r-,0 ( 2.0. rvhiÌe tÌrc aerosoÌ slngÌc-scaltering
aÌbedo at 550 rÌrrÌ wàìs rÌru.rrgetl to o55,il = 0.95 rvhen
isr.o ) 2.0 irr accorcÌance u,it l i  tÌre results rìcsuribed in
sectiou 4. Figure 5a sÌrorvs tÌrc values of thc rlaiÌr, a.r'-
erage clear'-sk1' soÌar irrncliarrcc coÌrÌÌ)r1ted bv tÌre cocle
arrt,Ì rncasult:cÌ unc,ler aÌÌ-skr. c:orrcìitions, as rveÌÌ as solar
radiative flux incorrrirìg ât tÌìc tc-ryr oÍ t l ie atrnosphere.
Solar irracÌiance at the top increases rluring tÌris pcriod
due to the cÌrarrge of the astronomi<;aÌ prosition of thc
Sun-Earth relationship. Both wàteÌ \,âl)ol arrcl clzone

atteriuate the surface soÌar irradiance by the vaÌue that
is in the range Íïom 80 to 100 Wm 2, whiÌe the at-
tenutrtion b1' acrosoÌs is about 20 W ru 2 in the begin-
rring of August, and it is in the range Íïorn 70 to 150
\Nn-z dururg the biornass burnì.ng peu.od. TÌre neg-
ative trend in the cÌear-sky soÌar irradiance is rclated
to the smoke zrerosol eíïèct. Since ari increase oí cÌoud
i r r Ì Ì ( )unl  \ \ ' i ìs  Ì Ì ( ) t  obscl r ' , ' r l  r lunng t Ì r is  pr . r iod.  the neg-
ative trend in the observed a.lÌ-skv soÌar irradiance can
be expÌairred by the aerosoi irnpact. CÌoudiness prob-
ably causes tire daiÌy variations of the irradiance. On
September 6 a cÌoucÌlcss atrnosphere v/âs observed all
day, arrd good a,greenìerÌt was obtained between calcu-
Iated ancl rneasured totaÌ soìar irradiances. The srnaller
values of caÌcuÌated soÌar irracliance for the last days of
August ancÌ f irst days of September, as compared with
rneasured data, can possibÌy be expiained by the overes-
tirnation of the rlaiÌl' a\rerage aerosoÌ optical thicknesses
at Reserva Jaru site by using data obtairred at Ji-Paraná
site. The cloucl attenuation which can be approximateiy
estirnated from the difference of ttre computed cÌear-
sky surftrce irradiance and irracliancc measured under
alÌ-sky conditiorrs is weak.

In ortÌer to reveaÌ the possible aerosol irnpact orr the
daiÌy variations of tÌre meteoroÌogical r.ariabÌes, we con-
siderecl the sLrrÍãce air tenrperature and v/ater vapor

Ì)rossure mcasurcd at tÌrc Reserva. Jaru site from the
begirurirrg of August to rnid-September' 1995. The val-
ues of ciaily rriaxirnurri and daiÌy minimum surface air
ternperaturcs, as rn'eÌÌ as cÌaiÌr' a\rerage water vapor pres-
sure, Íor this period are shown in Figure 5b. TÌre drop
of both 7,,,.* and ?,ri, during events I and II is caused
by the advection of colcl riir from the south lMarengo
et ul.. 19971. Thc positivc trend in 7,,,;,. ârÌd e front
mid-August to mid-Septcrnber is related to their annuaÌ
cycle shown iri Figure 1b. The orrÌy possibÌe aerosol ef-
Íêct is in the abscrÌcc of the positive trend in the daiÌy
uraxirnurn surface air terrrperaturc during this period.

\\b :iÌso calcuÌateci the rnorrthly mean daily average
cìear-sky soÌar irradiarrces Íbr 5 rrrontÌrs froni Jurre to
October at tÌre Reserva Jam site. TÌre smoke aerosol
rrrodel t'as trclcipted by the radiation code. The rnonthÌy
lnearì aerosol optical tiricliriess -556 iìÌÌd precipitable wa-
ter P., used in the calcuÌatiorìs wcrc retrieved from Sun
photorneter lÌìerÌsurements taken at Ji-Paraná site from
August to Octobcrr 1995 tincÌ trt the Alta Floresta site

Table 5. Monthl1, N'Iean Aerosol Optical Thickness
7556 âÌÌd PrecipitabÌc Water P,, Nleasured at Ji-Paraná
Site in 1995 and at Alta Floresta Site in 1993

NIonth P- ,  cm Site

5  1 0
AUGUST

3 0 4 9
SEPTEMBER

5  t 0
AUGUST

June
July
August
Septcmber
October

0 . 1 1
0 . 1 6
1 . 5 9
1, .71
0 .92

2 .97
2 .88
2 .43
3 .65
4 . 2 r

AF
AF
JP
JP
JP

JP. Ji-Pararr i i r  AF, Alta Floresta.
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Figure 6, .Lv'IorrtÌ iÌv rncan Ìncitlcrrt, soÌar irradianr:c: ,9;
rnerasurcrl al R,erserva Jant sito iu 1995 (asterisks) anrl
f iom 1992 to 1995 (triarrglcts), as n'eìÌ a,s irrr: idc:rrt soiar
irracliance ca,Ìr:uÌtitcd iìt tÌÌe top <tf tlrc al nrosltlrr:rt: .91u,,
arrd at t l ic surÍar:c for a r:krurlÌess gaseous atrnosphcre
(dottecÌ-cÌasìrerÌ) arrcl for a cloudÌess gasoous atrnoslrÌrcre
r ç i t Ì r  ; r l r u s t , ì s  í , Ì r , t  t l r Ì ) .

rluring tÌrc prcbrrrniug periocì in ,Jurrt: irrrrl Juh. 1g93.
f u b l e  5  Ì r Ì c s { ' n l s  r . , - , r j  ; ì r ì ( Ì  f . , .  r ì ; r t a .  T I r l  l } t ( r ; r { l l ) i Ì l Ì ( l  Ì í ì -

<liation cocÌe u,iìs nrn 2 tirrrr:s. nith antl r. it lrout aerlosols.
Figurc 6 shou's tÌrc r:alculatlotr rr:srrlts. T'Ìrt: i t l ,terru-
;rt, ion of the irrt: i<1crrl soiar irrarìitrrrcc br' \yi l,t(ìÌ \,:ìpor
rncÌ  ozorre is  i r r  t ,h t :  r 'ar rge Í ior r r  80 to 100 Wrn 2 lbr

i irese rnontlis. TÌre aurosoÌs at,t,erÌuatc tÌre soÌar irra-
rLia,nc:e Lrv valucs r': lrgc Íìorn 10 to 20 \\ 'rn 2 in,Junt:
and July, ancl Í iorn 100 to 110 \\ 'm 2 irr Arrgust, ancl
Sr:ptcrnbcr" Tlie srnalÌer vitÌrrcrs of tÌrc r:aicrrÌat,ecl sc>
Ìar irri icÌiance Ior thr: cÌcar-sky irtnrctslrÌterrc in Augrrst,
i ls corrÌpiìr 'c(i r.r ' i th rrrerasrrlt:r1 sri lar rarìiat,iorr .urr<ktr al1-
shy conciit ioÌÌs. iì,Ìc. lrrobablv, r 'ela.tcci to t.hc' overestirrra-
tiorr of ther niontÌrlt '  ÌrÌerìn cla,i lv tn't:ragr: ar:r 'osoÌ <rytical
tÌrir:Ì<ness iìt th€] Rcst:rl ' i Ì  ,Janr site. TÌre corrrptr.t isorr <tf
lÌtc cÌcar-sÌ<t. sur'Íãcc itrtrcliattctct ttottt ltut,çtl lr '  tÌro .orle
lirrrl sur'Í irr:c i lrarÌiarrr:c: rrurasurt:rÌ rrnclcr aÌ1-sìrr. r:orrcÌi-
t ions dcmoristÌiìt(ìs t lrat t lrc cÌecrt:usc of botl i irracÌian<:es
irr .r\ugust arr<l ScptcrnÌter trs r:ornparerÌ ri ' i t Ìr ,IuÌy itnci
Octoberr is caust:rÌ rnainÌr' bv tÌrcr srnokr: acr.osoÌ irnpac:t,
l ' Ì i i le the eflèct oÍ r:ÌorrrÌ irrcss is snrall. A rÌor:rurse oí
t Ìre morrthÌt: nìerìÌì daily rn:rximurn srlrfar:t: air t,ernp<:r-
irtrrrr: is rrot obsr:r 'r 'ccl rÌuring tlrr:se rrrorrtlrs, as is sÌron,rr
i r r  F igurc 1.

6. Results and ConcÌusions

TÌie nreasurcrru-.nts oí ÌtotÌr aerosoÌ olrt icaÌ clelptÌr anrì
soli ir irracÌizLrrr:c irr Arrgust iìÌÌd SeÌ)tolÌrbcr 1gg5 at obser-
latiorraÌ sites i l i  tÌ ie R,oncìônia region arrcl Nlato Grosso
lrrovicÌercÌ diittr for thc: studl,- of snrokc aerosol irnptrct
()Ìr tÌìcì incirlcrrt soÌar rarÌiative flux at tÌrc surÍìrr:c. A
ìrloacÌbancl r:trÌ iativer trarrslì l r:orÌc n,as tÌr 'r 'e:Ìopr:cÌ alcÌ
rrsed for thct nrral1'sis of tÌ ie obs<,tr.r, i i t i<trr:rl rÌ irtu. Lr or.-
r lcr  to  test  thc lacÌ i i i t ivc t r i i r rs Íc , t  t ,or l t : ,  t r . r , r :orr r l r ; r rcr l
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rnodeled and rnea,sured cletir-sky soìar irraciìances for
six tirne perlo<ls of ritcliation lÌìciìsurcÌÌleÌÌts taken uncler
cÌoudlcss conciit ions at t\\ 'o sites, orìe in the R,ondônia
regiorr anrì one irr Nlato Grosso. The average values of
aerosol optical thickness obta,inecÌ for t irese periods are
rsso:O.34,  0.43,  0.74,  I .91.  2. I4,  arrd 2.46,  prcc ip i table
water changed frorn 1.89 to 4.3, and solar zenith angle
variecl frorn 16o to 68o. For periocl r,vitÌr smaÌl aerosoÌ
clpticti i Ì clepth -;,5,e : 0.34, t[c totlÌ soÌar. irracliancgs
caÌcuÌatec'l rvith the cotrtirrcnl.al aeros<tÌ rnocÌcÌ :rs rveÌl
as a srnoke aerosol nro<klÌ ovcr.estirnatcrÌ rnr:asurccl rÌata
by the vaÌue that is in thr_' range Íronr 20 to 40 W rri-2
or Írorrr 7 to 9%. This cÌifï 'crence rrouÌd rrot Lrc elimi-
natcd br,. changing thc aer.osoÌ singÌcr-sc:atterìrrg a,ltrecÌo
at 550 nrri sitrce thc:re u'as a goorl iÌgrcemeÌÌl bctwetcn
the caÌcuÌatecl ancl rneasut.ecl 'naìues of pÌ-rotosl,ritÌreti-
ca,Ììy active radiation (PAR) rvhicÌr cÌifï'cr Ìcss than 5
W ni-'. Possibly, cÌranging tÌre single-scattcrirrg nÌÌrccÌo
in the near inÍiarccl region nra\'Ìrave resuÌtcd in better
ilgreerncnt rvitÌr nrcasurcmerrts. For high acrosol Ìoaci_
Ìng -556 > 2.0 the sctìar irrarÌiance cornputcd witÌr a
c:ontincntal acrosol nrocleÌ, Lri io : 0.89. or q,itÌr a srnokc
aerosoi modeÌ, ,rb50 = 0.87, lnclercstirlatecl tneaslr.c{
soÌar inadianr:e by tÌrc r ':rÌrrcs aÌrout .10 and 70 Wrri-2
or 7 ancÌ 17%. rcsperr:tÌvel-_v, rvÌri lc use of thc tr.arrsÍbrmecl
srnoÌ<e rrroclel wil,Ìr ,us;o : 0.95 irr thc calr:rrÌatiuns cÌe-
rurcaserÌ this clif lurencc to icrss tÌrarr 5 \\,-rn 2.

To stutì1' thc ca,usets <tf thcse disr:rep:rncics Íurther,
rÌeti i i ÌecÌ rrÌeiÌsLÌÌ cÌÌìents of botir aclosol size distribu-
tion. acrosoÌ ctoinpositicxr, anci sltcc:tral nerosclÌ opticaÌ
propcrties sliouÌcl bc Ìreld in corr.junction rvith broacl-
band racliatir ln obsurr.ations. Irrcorporatirrg thu rnorleÌs
of corrtinuurn aÌtsorption Ìty l later \ra,por, CO2, i irrrÌ 02
as weÌÌ as n'a,tcr va,ltor scÌectit'c aÌtsorptictrr in tÌit: r,isi-
bÌe spcr:truur irr the ra,cli:ltive transfur cocÌe c:rn lcaci to
the der:reasc of PAR. arrrÌ total surÍãr:e soÌar irracliancc
computeci Íbr a. gascous atrriosphetre rvithout aerosols :rt
high soÌar zenith trnglcs Ìty the values about 7 anil 24
\\,-m 2, rr:spectivelv. TÌrese cÍlêcts in thc acrosol ÌacÌerr
atmosphcre sÌrouÌtÌ bc inr.estigatercl morc by rneans oÍ'
prercise rarl iative transfêr' caÌculi lt iorrs.

The irnpact of gascs :rnd aerosols orr tÌic cÌaiìy :n,-
crngc and rnontÌrly rneiìrr I'aÌues of soÌar irradiarr<tc at
thc R,eserva Ja,ru sitr- ' nreiisurecl under a.l l-sk1' ccxrditiorrs
r,vcre stucÌi<tcÌ bv r:otnp:rrirrg tÌrem l ' i th r:rtrrrputecl cÌr:ar-
sÌrt' surf:rce irrildiarrccs. CaktuÌations shorv that soÌ:tr
racliation atterlratiorr lty srrroltc aerctsctÌs ciÌuse rÌ neg-
ative tri:nd irr tÌre claiÌy at.etrage clear-sky soÌar irrridi-
ance at tÌre srrrÍtrce Íìorn tÌrc beginri ing of Arrgust to
rnìd-Scpternbcr. ' IÌre soÌar radiation absorption in tÌre
a,trnospheric cohrnrn bv srnokc iLclclsols is cornpar:rÌrle
rvitÌr :i,Ìrsorpt,iorr b1. \v;ÌteÌ viÌ1)or'. tvhiÌe tÌre clourlirress
cffect Íbr ihese tlrl' seasorÌ rnontÌrs ri itÌr Ìou' cÌoud covcr
ls rnuch srrÌailer. 'IÌrert:Íbrc tÌre clccre:rse o{ tÌrc claiÌ1,.
a\reragc aÌÌ-skl ' solar irraclialÌcc obselvc(l rÌrrrirrg tÌrcse
rnontiis is aÌso relatecÌ to the irrcrcase t>f aerosol loacl-
irrg, ' f lrc cxpectccÌ drop of tÌre rlaiÌv rnaximurn sur.Í:x:e
iur tenrpcratllre lvas not ÍbuncÌ uncktr thc srnokc Ìrazes.
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PossibÌy, the ternperature cffect of the aerosois is bal-
anced by the irrcrea,sed soÌar riidiation absorption in tÌre
boundary layer by absorbing aerosoÌ particles versus re-
duced surface solar irradiance from both scattering and
absorption eflècts. It rvas also shown bv rneans of the
clear-sky radiative transfer rnocÌeÌ calcuÌat,ions tirat thc
smalÌer monthly mean vaÌues of all-sk1, soÌar irradiance
in August and Septernber as cornpiired to JLrÌy and Oc-
tober are rcÌated to the larger srnokc i.LerosoÌ opticaÌ
depths observecl in August arid Septernber.
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