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'l-hc irnpact ol'inrplcrlcnting thc Chou & Lcc schcmc lìrr absorption of solar radiation by water

vapor in thc CI,'|DC/CO[.Â's Gcncral Circulation Moclel is analyzcd in this papcr. Cornparison with
rcsults ol'thc prcscnt opclational vcrsion, rvhich uscs thc Davics schcnrc, shorvs that Chou & l-ce

scþcntc lcacls to luorc shortrvavc absorption, thus providing an cxtra rvarming olthc atrnosphcre,

nrainly in thc uppcr troposplrcrc.'l'hc changcs in thc mericlional distribution ol'tempcraturc causcs

rvcakcning ol'thc subtropical .ict in tlrc Southcrn Ilcrnisphcrc ancl strcngthcning ol'thc Northcrn
Ilcnrisphcrc.jct, rvhich is slightl¡,shillccl polorvard.'l'hc incrcasc ol'thc static stability rvcakcns thc

nlcriclional circulation cclls, 'l'hc inclcasing shortrvavc absorption in thc atrnosphcrc dccrcascs thc

clorvnrv¿rrcl shorttvavc irracliancc at thc surlhcc. Âs a consct¡ucncc. thc lluxcs ol'cnthalpy and latcnt

hcat liont thc surfãcc arc rcclucccl. As a rcsult ol'all thcsc lèaturcs, zotlal tt'tc¿tn prccipitation and

cvaporation arc also signilìcantly loclr¡cccl. Conrparison rvith atttrosphcric lrclcls rcportccl by the

Clinlatc l)rccliction Ccntcr (NClll)/NO^A) shorvs that thc conlìguration ol'thc largc-scirlc lìclds is,

in a gcncral tnanlìct'. inrprovcd rvith thc usc ol'thc Chou & [,cc schcnrc in a utonthly intcgration lìlr
.lanuary I997.
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ABSORÇÃO DE RADIAÇÀO SOLAR POR VAPOR D'ÁGUA NA ATMOSFERA. PARTE
tr: TESTES DE SENSIBtLtDADE COM UM MODELO DE CIRCULAÇÃO GERAL - Ncs/e

tntbtt!ho é asltulcttlo o intpuc'to du inr¡tlenrcnlctçtio, tto ll4odalo tle ('irc'ulação Gerol do CltT'EC/
('Ol,/, do esqile ntu tla uhsorç'[ío tle rutliøção solur por vapor d'tîgucr proposlo por Chou & Lee. A

conpurução c.om rasullcttlos tlu varstío oparucionul utuul, c¡ue usu o asquemu clc Davies, moslra
qtrc o csquenftt tle Chut & Lac lct,u a unu ntuirtr ubsorç'ão de rodiuçãtt de ontla curlu c conseq[ien-

tantcntc prodtt: unt ur¡uecimcnto utlicionu!, principalmenlc ttu ullu tro¡tosJÞra. Á nrudunço na dis-

tribtriçîío nrcridionu! tla lcnt¡teruturct cdusu um ettfì'uquccinrctrto tlo.ittto subtropical do Ilemislério
Sttl a.fòrlolccc o.julo clo Ilamis/Ürio Norte, daslot'uutlo-o ntuis ¡tttra o norle. O uuntettlt¡ du estabi-

lidutla asttiticct cttfì'uc¡ucc'e os c'ëlulu"'da cirutluç'tio nrcridionul. O uuntenlo du absorção tla rutlia-

ç'ão tla ontla cilrlu na utmosJëru tliminui u irratliíittciu tlesc'ende nle à supcrJície . Como conseqiiên'

t,irt, ucontaca tun rctlução nos.fluxos de cnlulpiu e c'ulor lutenle da supe(ície. Conto resultado cle

lotlos essas ospectos, ó observudu unu retlução signdiccrtivu na preci¡titctção c na evaporação
médias:ottttis. ,1 conrytuntçäo L'om ('ettlpos otntos.föricos anolisados pelo Climate Prediction Cenlcr
(NCttP/NOÁA) nnstru que tt conJigurução clos c'ampos dc grande ascola, de modo geral, é bqstqnte
ntttlhortttlrt com o uso tlo asquenm tle Chou & Lae em umu irttcgraç'ão nrctrsul ¡turu.ioneiro dc 1997.
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INTRODUCTION

Bef'ore reaching the Earth's surfàce, thc solar racliation
undergoes a series ol'interactions with gases and particles
of the atrnosphcre. Water vapor is the principal absorber in

the spectral region beyond 0.5 ¡rnr of thc solar spectrunt,
which represents part of the visiblc and the infiarecl solar
spectnrtn (Liou, 1980). Considerirrg the large spatial ancl

tenrporal variations in conccntration of, water. vapor, one

can conclude that, fi'ont a ntodcling viervpoinl, absorptiorr
of shortwave racliation by water vapor is a lirnclantental
problem. As the absorption ol'solar radiation by watcr va-
por is largely wavelength-dcpendcnt, an cxplicit calculation
of the water vapor optical thickness is currcntly prohibitive
in view of the high corlputational r.equirenrent. The nlost
col'nnlolt solr¡tion is to pararnetcrize this absorption, i.e ., to
reduce the integration to a fèw ternls br¡t kecping thc essencc

ofthe physics involved in the proccss.

It is irlpoltant to ¡toint or¡t the rclcvancc of a propcr
calculation of the hcating ratcs in the gcnerai problcrr of
atnrospheric rnodeling. An overestinlation (or
underestinlation) of thc local heatin_g sources or sinks can
cause lack of accuracy in a nurmerical fbrecast. One can

argue that the radiative cffects are small but, as Gray &
Jacobson (1971) pointcd out: racliatiolr is a ¡trocess which
is always occurring and its collectivc cf'f'cct is not ncgligiblc.
Moreover, it ntust be kept in rnind that shortrvave solar
radiation is the primary soLlrce of'cner.uy f'or the carth-
atmospheric systent, and one can expect sonle clinlatic
intpact clue to errors in calculatcd watcr vapor shortrvave
absorption.

Plana-Fattori ct al. ( 1998), hereatier refèrrecl as par.t I,

discuss and corn¡lare the fbllowing schentcs fbr thc
paranreterization ofsolar heating in the atnrosphere: Lacis
& Hansen (1914), Davies ( 1982), Brieg.teb (1992),
Rarlaswanty & Irreidenreich (1992) and Chou & Lee
(1996). A single colunln model is used in part Ir,vhere the

heating rates and irradiances lbr thc six first ICRCCM
shortwave cases are corrrputed (Ellingson et al,, l9r) l).
Conrparison with the scheme of ChoLr & Lee shows that
the results obtained with the schelle of Davies pr.escnt the
greatest discrepancy.

A question etllerges fì.onl the conclusion of part l; is

there any significant irrrpact in a long-ternt nulnerical
simulation? In the present article, a general circulation
model (GCM) is used (thc CpTEC/COLA rnodel) ancl

monthly averaged fìelds are calculatcd. Results oblaincd

Âbsorption ol'Solar tì¿rrliation bv w¿rtcr Va¡.rol irr thc r\trnos¡rher.c - l,¿rr.t ll

with trvo conlrasting scltcrnes arc conrpare cl (Chou & Lcc
velsus Davies). A brief description ol-the moclel is given in
the next section, f'ollorved by an analysis of the nlain results
achievsd. Concluding rcr.ltarks and futurc work are

l)rcsctìtcd in thc last scctioll.

DESCRIPTION OF THB MODEL ANI)
SIMULATIONS

For lhis slucly is cltose n tlre opcrational ver.sion of thc

GCM nrodcl of'the Cerrtcr fìlr Wcathcr Forccast anil Clinratc
Stuclies (CPl-EC/lNPE, Cachoeira paulisra, Sp) which is a

vcrsion of'thc CCM nloclel olthc Centcr fbr Ocean-Land-
Atnrosphcrc Interactions (COLA/ICES, tJSA) rvhich is
described by I(inter ct al. ( I 988) and Saro cr al. ( I 989). 'fhe

nrodcl is run with horizontal spectral rcsolution'f42 ancl with
l8 signra levcls in lhe vcrtical. I)arantctcrizations of the

subgrid scale physical ¡trocesscs includc: sur.f¿rcc proccsses,

cornputccl by the Simplc Biosplrcre Model - SiB (Sellcrs ct
al., l9ti(r and Sato cl al., l9tì9); lurbulcnt vcrtical cliffusion

¡rerlbrrlcd accorcliltg to lhe scconcl-orcler closure of'Mellor
& Ya¡nada ( 1982); shallow non-prccipitating cuntLrlus effects
calculatcd lillorving 'f iecltke ( I984); clec¡r cunrulus
convcction of thc Kuo-Antlres type (Kuo, 1974 at"Å Anthcs,
1977); large-scale prccipitation is calculated by renroving
supersatLrration; longwavc radiation trarrsfèr calculatccl
according to I Iarshvardhan & Cor.sctti ( 1984), inclucling thc

e fïìcicnt-racliation schcllte of'Ilarshvardhan ct al. ( l9g7) to
pcrnrit thc sinlulation of'thc cliLrrnal cyclc and thc cloLrcl

racliatio¡l intcraction schclt.rc dcveloped by Slingo (19S7).
-l'he 

CCM's shortwavc radiation schcntc is basecl on that of
Lacis & Ilansen (19'/4), adapted by Davies (19g2).

In this wolk, trvo silltulations are perfìrrntcd f-or a whole
nronth, starting with the analysis valicl on .lanuary l",lggl
at 00 Ul-C. The control sirnulation is perf'ornrcd [ry using
the CP'I-EC/COl-A's GCM nrodcl as clcscribecl above. 

-lhc

sccond sintulation is perfbrnrcd by replacing thc original
Davies'sclrerne by the Chou & Lee ( I 996) scherne, hercalter
re f'crred as thc CL expcrirlent, fbr water vapor absor.¡ttion
ol' shortwave racliation uncler clouclless concJitions.'l-hc
rcason fìrl this choice is.justilìed fiont the c.lisct¡ssions in
part I. The nlodel is allowecl to run during the cntire nlonth,
with tinlc stcps of 20 nlinr¡tcs ancl monthly ntcans
corresponding to each case arc calculated. The sea surface
terrperaturc is the clinratological rnean fbr January.
Shortwave and longwave irradianccs arc calculatccl every
hour and 3 hours, rcspectively.

!?cvtsttt lJrosilcir¡t tlt: (ìt'ofí.sic'u, Itol. t-5¡3), t9t)7
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In discussing the results, it will be closely fbllowed

the rnethodology used lry Kinter et al. ( 1988). ln the present

work, the rrrean fields for a period of otre rnonth are

computed and the differences between the two shortwave

radiation schemes are analyzed.

It is stressed here the fact that the analysis is focused

on differences between the schetne of Chou & Lee and

Davies obtained after an one rnonth integration. The mean

results are sufficient to point out the basic differences

betwee¡r the performance of botlt schenres. Although it can

be discussed the advantages and disadvantages of both

schemes, the analyses are not suflicient to definitely state

which scheme is the best. Nevertheless, there are indications

of sonre inrprovenrent with the Chou & Lee schetne.

RESULTS AND DISCUSSION

As discussed irr part I, the main difïerence between

the Davies and the Chou & Lee schetrres is that the last

causes lnore atrnospheric absorption by water vapor and

therefore more aturospheric wat'nring shoLrld be observed.

A latitude-pressure cross section of the zonal lnean

telnperature calculated in the CL experinrent (with the

scherne of Chou & Lee) is shown in Fig. la. Allthe fìgures

used in this section refer to monthly nreatr values. Fig. lb
shows the difference between zonal trrean terrrperature of
the CL experirrrent and that of the control run (with the

Davies scheme). Warming is effectively obtained with the

Chou & Lee scheme (Fig.lb) and this effect is nrore

pronounced in the upper troposphere in both henrispheres,

prirnarily in the sunrmer hemisphere (up to 6 K warnter at

approxirnately 200 hPa between 70 and 80"S). Cooling is

observed in the Chou & Lee case otrly in the lower

troposphere near 50"S and 25oN and in the Iower

troposphere at about 60"N, extending up to 450 hPa. More

pronounced cooling (>lK) is fbund near the North Pole

between 700 and 450 hPa. ln Part I, it was shown that, at

some tegions of the troposphere, the scheme of Davies can

produce more waruring than the schenre of Chou &. Lee.

However, in a filly nonlinear numerical simulation, one

cannot ascribe the cooling effect solely to the radiative

forcing: a possible synergism between the radiative fbrcing

and the flow dynamics may induce cooling in some regions.

This question will be further explored later.

It is interesting to cornpare Fig. lb with Fig. 4.1b of
Kinter et al. (1988) which shows the diflerence between

the COLA model surnmer climatology minus the observed
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Lotitude

Figure la - Zonal mean monthly averaged air temperature

in the CL experirnent (K).

Figura Ia - Média zonal da tempereturq média mensal do

experime.nlo CL ¡X.t

Lotitude

Figure I b - Zonal nrean rnonthly averaged air temperature,

CL minus control run (K). Negative values are dashed.

Figura Ib - Média zonal da temperatura média mensal,

experimento CL ntenos conlrole (K). Valores negølivos são

lruce.jados.

analyses. The control model shows a cooling bias primarily

in the upper troposphere. Thus, the Chou & Lee scheme

helps to decrease the control temperature bias.

Figure I b shows that the Chou & Lee scheme tends to

increase the static stability in comparison with the control

run and therefore significant irnpact may be observed in

other mean fields. Figure 2a shows the zonal mean zonal

wind of the CL experiment. The typical characteristics of
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the lnean zonal flow are well described, suclr as the upper
level subtropical .jets and easterlies winds in the tropical
region. The magnitude of thc wind at the.jet corc is stronge r
in the Northern Hemisphere, but below the -500 hpa level,
the magnitude of thc wind is greater in the Southern
Hemisphere. Fi_r¡urc 2b shows the zonal lltean zonal wind
differences between the CL experirnent and the conttol rult.
The Southern llemisphe re.jet is weakened, there is a slight
northerly shift of the Northern llernisphere nricl-latitudc
westerlies and weakening of the polar westcrlics. Sontc
itnprovernent has been attained in thc Southern llemisphere
simulation considering that thc COLA nrodel has a positivc
bias in the Southern llemisphere.jet intensity (Fig.4,3b of
Kinter et al., 1988). The weakening of the Southern
Hemisphere jet can be attributed to the reduction of the
meridional telllpelature gradient clue to rnore warrning
produced poleward of its core. The slight intensifìcation
and the shift of the Northern Hemisphere .let can be

attributed to the fact that, in thc CL case, nlore warrrring

occurred in its equatolial side than in its polar.one.'lhis
d ifferential warm i ng intensi f ied the merid iona I tentpcraturc
gradient poleward as compared with the control run.
However, in the Northern Hemisphere the changes shown
in Fig. 2b do not reduce the COI-A model bias (Kinter et

al., 1988) except in the polar region.

The zonal mean rleridional circulation f'or the period
can be stLldied through thc induced zonal lncan vcrtical

Âbsorption ol'Solar lìacliation bl,Watcr Va¡ror in tlrc Âtntosphct.c - l,¿rrt Il
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Figure 2a - Zonal rlean ntonthly averaged zonal wincl in
the CL experiment (rn/s).

Figuru 2u - Médiu zt¡nul do vento zonel tnéclio men.sul tlo
experimento CL (m/s).

Lotitude

Figure 2b - Zonal ntean nlonthly averaged zonal wincl, CL
rninus control rLrn (ln/s). Negative values are clashecj.

Fi¡¡uru 2h - Mótliu :onctl tk¡ vento zt¡nal métlit¡ ntcnsctl,

ex¡tarirnanto CL nteno,s ct¡nlrt¡lc (n/s). Vulore:; negulivos
,r[io lrucc.judo.t.

circulation which is shown in Figs.3a ancl 3b (Chou &
Le e and difl'crence with r.espect to the control). The rrrain

zonal mean upward ntotion of the IJadley cell is located
at approximately 1,5'S. This region corresponds to the
¡rain convectively active areas during this part of the year,
such as the convection in the Indian Occan, the nrore active
areas in the northern part ofthe South pacifìc Convergence
Zone (SPCZ) and the South Atlantic Convergerrce Zone
(SACZ). 'fhe F'errel cell is stronger in the Northern
I'lernisphere as a rcsult of the winter systents imbedded in

the highly baroclinic region (Fig. la). The weakening of
thc lneridional cir.culation with the ChoLr & Lee
palanreterization is rrrore eviderrt in the Iladley cell,
decreasing the lnaximunr upward vertical motion by
approximately 20 % (Fig. 3b). Weakening can also be

seen in the Ferrcl cell in the Southern Hcmisphere but a

strengthening is observed near. the nraxinrum upward
nloverrent of the lrerrel Ccll in the Nor.tlrern llemisphere.
The subsidence associated with the descending branch of
botlr Polar cells has intensifìed in the ChoLr & Lee case
rrainly in the North Pole region.

Kinter et al. ( 1988) conclude that thc l-laclley and Ferre I

cells near the surface in the COLA model resenrble the
analyzed fèatures but are wcaker than analysis near the tro-
pical tlopopause. The changes indLrced by the introduction
of the ChoLr & Lee parameterization reduccd the intensity
of the t'ladley circulation and theref'ore dicl not help reclucing
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the nlodel bias, prirrrarily considering that the Kinter et al.

(1988) analysis was not pcrfbrmed with the reanalysis of
the NCEP/NOAA (l(ousky, 1997) data which tends to show

substantial i¡rcrease in the vertical circulation.

The reduction in the intensity of the Hadlcy circulation

900

Lotitude

Figurc 3a - Zonal urean nrorrthly averaged vertical ¡r-

velocity in the CL ex¡relintent (Pa/s). Negativc values are

dashed.

Figura 3t - tr4édiu zt¡nul tlu vclocitludc varlicul mëdiu

nten.sal clo cx¡tarimantt¡ Cl, (Pu/s). Vulot'ts ncgulittos stio

lrucc.judrx,

Lotitude

Figurc 3b - Zonal rnean rnonthly averaged vertical
velocity, CL urinus control run (Pais). Negative values

are dashed.

Figara 3h - Médiu zonul tlu velt¡cidude verticul mëdia

nte nsul, cxperimcnto (lL meno.s conlrt¡le (Pu/s). Vulores

n egal ivos s íio ! r uce.j u tlos.

295

is consistent with the increase of the static stability observed

in Fig. lb (reduction of the intensity of the moist convective

forcing). Fig. 4 shows the percent difference between the

specific humidity of the CL simulation and that of the

corrtrol run. It is interesting to observe that Chou &. Lee

pararrreterization lead to a slightly nroister troposphere,

indicating that the observed warrning (Fig. lb) is not

completely due the fact that the schenle of Chou &. Lee

produces nrore shortwave absorption than the scheme of
Davies. Part of this warrling nrust be attributed to the fbct

that, in the CL case, there is more water vapor to absorb

radiation than in the control run.

It is discussed now the impact of the replacenlent of
the scheme of Davies by the scherne of Chou & Lee upon

the components of the energy balance of the surface. lt is

shown in Palt I that a reduction in the downward shortwave

at the ground should be expected with the use of the Chou

& Lee scheure instead of the Davies. Irigure 5a (open circles)

shows the zonal urean latitLldinal distribution of downward

shortwave irradiance reaching tl.re ground, fbr the CL

cxpcrinrent. Fig. 5b (open cilcles) shows the diff'erence with

re spect to the control results. The values are zero poleward

of 70'N, according to the fact that solar radiation does not

reach this region during January. There is an increase in

this irradiance southward of 70'N. There is a local

nlaxinlum of 310 W/m2 atrout 35oS and a reduction to a

local minimum of 260 W/rn2 at about 60"5. This is in
agreement with the expected increase in cloud cover

associated with the ascending branch of the Southern

Henrisphere Ferrel cell shown in Fig. 3a. Southward of 60"5

the shortwave irradiance increases to a rnaximum of 400

W/rn2 in the South Pole. There is a reduction in shortwave

irradiance for all the latitudes southward of 70"N in the

Chou & Lee experiment with respect to the control (Fig.

5b). ln the Southern Hemisphere, the reduction is greater

than l5 W/m'z. This reduction is rnore pronounced between

30 and 70"S. Recall that this region is rrroister in the second

sinlulation and more atrrrospheric absorption must be

cxpected (Fig. a).

The zonal urean enthalpy fìux at the surface and its

difference to the control run are shown in Figs. 5a and 5b

(scluares), respectively. Two local nraxirna are observed at

approximately 30' in both herrrisplret'es. The flux is nrore

intense in the Northern Hernisphere. The sensible heat flux

tends to lre snlall or even slightly negative southward of
50'S. Negative flux is also observed northward of 80'N,
Tlre Chou & Lee paraureterization produces a general
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Lot¡tude

Figure 4 - Percentual difference between the zonal nrean

monthly averaged specific humidity in the CL
experirnent and that of the control run (%). Negative
values are dashed.

Figura 4 - Di/crençu perccntuul entre u nécliu zt¡nul tlu
umidade específiccr do ex¡tcrintento CL c rt tkt ex¡tcrimcnlo
de conlrole (%).Valore.s negctlitto,t säo trucef utlo:;.

decrease ofthe enthalpy transfer at the surfàce southward
of 45"N (Fig. 5b). This reduction is coherent with the

decrease in the solar radiation forcing at the surfàce and it
is likely to cause less turbulence in the boundar.y layer.
The zonal mean latent heat flux fiorn the surface and its

difference to the control run are also shown in Figs. 5a ancl

5b (closed circles), respectively. There is a reduction in
the latent heat flux southward of 45.N in the second
simulation. This rneans that there have been less latent
energy available for the saturated convective processes.

It is interestiltg to observe that northward of 45"N the

surface fluxes of heat and moisture have been intensifiecl
in spite of the fact that little change was produced in the

short wave radiative forcing. The intensifìcation of the
baroclinicity in the Northern Hemisphere seems to have

increased the westerlies at low levels (prirnarily between
50 and.70o), thus favoring the intensification of the
thermodynamical surface fluxes. The intensification of the
baroclinicity in the Northern Hemisphere higher latitudes
is clearly shown in the analysis of the zonal ntean nteridio-
nal transport of heat which shows signilicant increase in
northward transport north of40oN (fìgures not shown).

The zonal mean of the monthly mean precipitation
obtained with the Chou & Lee parameterization and the
difference with respect to the control are shown in Fig. 6a and

Âbsorption ol'Solal Iìaclia(ion bl,watcr vapor in thc Atr¡.s¡rlrcr.c - I)¿rrt ll
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Figure 5a - Zonal ntcan monthly averaged downwarcl
irradiance (open circles), latent heat flLrx (closed cicles)
and enthalpy flux (squares) in the CL experinrent (W/nrr).

Figuru 5u - Méclius zr¡nuis tlu irrutliancict desccntlente (cír-
culos abcrtos),.fluxo cle culor lutentc (circulo.s.fècltutlos) c

.fluxo de cntulpio (quuctruclo.t) ntétlios men,çctis, no c.rpcri-
manto CL (ll//ttt:).
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Figure 5b - The same as in Fig. 5a, but for the difTerence
CL ninus control run.

Figuru 5h - O ntesno que nu Fig. 5u, n.tur- pura a tli/'crençu
CL menos cr¡ntrolc,

6b (open circles), respectively. The nlain maxirlum, greater

than 7.5 rnnVday, is f-ound at approxirnately I5.S (Fig. 6a).
This is consistent with the main ascending branch ofthe Hadley
cell shown in Fig. 3a. Two other local maxima observed in
the extratropics are consistent with the ascending branch of

Revista lJrasileirct de Geolisica, l/ot. t5(3), t997

^-



the Ferrel cell in both hemispheres. A clear leduction in

precipitation southward of 40 oN and a slight increase

northward can be observed in Fig. 6b, in accordance with the

discussion in the previous paragraph. Similar behavior can

also be observed with the zonal nrean evaporation as shown

in Figs. 6a and 6b (closcd circles), rcspectively.

E
Ë

Lotitude

Figure 6a - Zonal nlean monthly averaged precipitation

(operr circles) and evaporation (closcd circles) in the CL
experiment (mm).

Figuru 6a - Médiu zonul clu ¡trcci¡tituçíio (círculos aher-

tos) e da evuporaçíio (c!rculos.fechados) méclias mensais,

no experintcnb CL (ntm).

Lotitude

Figure 6b - The sarlìe as in Fig. 6a, but f'or the clifferencc

CL rninus control run.

Figura 6h - O mesnlo que nd Fig. 6a, mus perq a cli/eren-

ça: CL menos controle.
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As the scheme of Chou & Lee produces more
shortwave absorption and the resultant warrning is more

pronounced in the upper levels, the atrrrosphere is likely to
be rnore statically stable. Furthermore, the reduction of the

fluxes at the surface tends to reduce the potential of the

atrlosphere to develop lnoist convection. One can argue

that although in the CL experiment the latent heat flux from

the surfäce is reduced, the atmospheric specific humidity
has increased in cornparison with the control run, as shown

in Fig.4. This feature can be seen as a consequence that

when the convective activity is reduced, the removal of
water vapor is also reduced and the atmosphere is able to

keep rnore humidity.

It is worth to consider which irnpact the scheme of
Chou & Lee has in the configuration of the global fìelds.

Toward this goal, it is presented some tnean fields calculated

with the ChoL¡ & Lee scherrre, the correspondent fields
calculated in the control run and the lnean fields reported

by the NCEP/NOAA fbr the same period (January 1997).

The rrronthly rnean sea level pressure is shown in Fig.7.
Sorrre features which are not well handled in,the control

run have been inrproved in the CL sinlulation (Fig. 7a).

This improveurent is lnore evident in the Northern
Hemisphere. The North Atlantic subtropical high, which is
underestirrrated in the control run (Fig, 7b), is better
represented in the CL case (Fig. 7a). The intensities of the

Subtropical High off the West Coast of North America and

of the Aleutian Low in the North Pacific are again best

represented in the CL case. The same happens with the

Southern Hernisphere sLrbtropical highs. The pressure over

the continental regions is represented in a quite similar
fàshion in both simulations and is in good agreement with
the observed rlean. A worth-noting feature is the

representation, in the Chou & Lee case, of the pressure

wave pattern over the Australia (see Fig 7c). This pattern

is not well represented in the control run.

The nrean 200 hPa velocity potential f-or the Chou &
Lee, control and observed cases are shown in Figs. 8a, 8b

and 8c, respectively. There is a reduction in the intensity

of the upper level divergence in both model experiments

but the CL case shows sorrre irnprovement. The center of
the upper level divergence over tropical South America in
the CL experirnent (Fig. 8a) is closer to the observed feature

(Fig. 8c). The control case tends to show too much upper

level divergence over the Andes mountains (Fig. 8b). This

seems to be explained by the effective reduction ofthe upper

levelstatic stability in the CL case which tends to inhibits

ll. l'ì. ilc Souza, I). 1,. S. Dias, Â. l)lana-lrattori & .1. C. S. Chagas
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Figure 7a - Monthly tl1ean sea level pressule in the CL
experiurent (+1 000 hPa).
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Figure 7b - Monthly meat'ì sea level pressule in the control
run (+1000 hPa).
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Figure 7c - Observed rnonthly mean sea level pressurc

(+1000 hPa), according to Kousky (1997).

Âbsolption ol'Solar lìacliation by Watcr Vapol in thc u\tmosphcrc - I)alt ll
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60',ll

Figura 7u - l)rass[it¡ ntétliu ntansql uo nívcl do mqr nr¡ cx-

¡terimcnto CL (+ 1000 hl'u),

Figura 7h - Pra.ssät¡ mótliu mensul ur¡ nível tk¡ ntur nt¡ ex-

parintenlo dc contrt¡le (+ I000 hPo).
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Figura 7c - Pres:são ntëtlia mensal observada ao nível do

mur ( + 1000 hPa), con/itrmc Kousky (1997).
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the extremely deep convection observed in the control case

in this area. Another positive change is observed in the

eastern Pacifìc: the control case indicates to tnuch upper
level divelgence at approxirnately 15"- 20"N ofï the west
coast of Central Anterica (Fig. 8b conrpared with Fig. gc).

The CL case (Fig. 8a) indicates much snraller. upper level
divergence.

The gerreral configuration of the CL upper level
velocity potential (Fig. Sa) is closer ro the observed fìeld
over Africa. Ilowever, both model experirrrents f-ail to
properly reproduce the observed zonal or.ientation of the

upper level divergence in the Indian Ocean. Thus, the nlodel

40N

JON

20N

10N

EQ

10s

20s

30s

40s

50s

Figure 8a - Monthly nlean 200 hPa velocity potential in
the CL experirnent ( 1 0ó m2ls).
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Figure 8b - Monthly mean 200 hPa velocity potential in
the control rLrn ( l0ó rn2/s).
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produces excessive upper level divergence over the
sor-¡thern Asian continent. Both model experiments also fail
to properly locate the strong observed upper level
divergence in the western equatorial pacific. The pacific

ITCZ and the SPCZ seem weaker than the observed features
in both model experiments, ln this case, the CL experiment
gives weaker upper level divergence than the control
although there is a slightly better reproduction of the zonal
orientation west of Indonesia (Fig. Sa). The SpCZ in the
CL case shows a more zonally oriented upper level
divergence east of the date line at approximately l5oS. The
observed case indicates a sintilar feature.

180 120W

Fil¡ura 8u - Potenciql cle vck¡cirlade médio men.sal em 200
hPu no experimenlo CL (106 m2/s).

Figuro 8b - Potencial de velocidqde médio mensql em 200
hPa no experimento de controle (t0ó mr/s).
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Figure 8c - Observed nronthly nlean 200 hPa velocity
poterrtial (10('m'z/s), according to Kousky (1991).

The upper tropospheric velocity potential is closcly
correlated with the precipitation primarily in the tropi-
cal region. Figure 9 shows the spatial distribution of thc

Chou & Lee precipitation, contlol and tlrc Special Sensor

Microwave/lnrager (SSM/l) pre cipitation indcx (NCEP/

NOAA; Kousky, 1997). There is a rentarkable sintilarity
between the nlodel derivcd pt'ecipitation a¡rd the satellite

index in nrost of the area, exccpt in the lndian Occan

where both nlodel cxperinrents overestirnate the
precipitation north of the equator. The models seetn to

urrderestiurate precipitation in the tropical continental

60N

50N

40N

JON

20N

10N

EQ

10s

20s

JOS

40s

100 200 300

Figure 9a - Accuntulated precipitation in the CL
experirnent (mm).

0

Âbsolption ol'Solar Iìacliation b¡,Watcr Vapor in thc Âtrnosphcrc - I)art ll

20E 180 l2otr 0

00

60w

Fi¡¡uru 8c - I)otcttciul dc vclr¡cidutlc nédit¡ ntcn,çul obscr-

t,utlr¡ am 200 hPq ( l0ú nr:/.s), ctsttfitrmc Kou,skv (1997).

areas and in the SPCZ/SACZ regions. The eastward shifì
of thc upper level divergence over tropical South
Anlerica is clearly rclatcd to the changc in the
precipitation pattern. Thc ChoLr & Lee precipitation in

thc SPCZ legion is slightly stronger east of the date line,

in agreenrent rvith thc improventent of the upper level

circulation dcscribed in Fig, tla. A slight irnproverlent
ol'the prccipitation pattcrn in the northern Indian Occan

is obselved with the Chou & Lee scheme, primarily near

60'E,. I-lowever, both rrrodels fàil to reproduce the

observations in the southern Indian Ocean.

60w

M400 500 600

Figura 9u - Pracipituç[io mansal ucuntulqdq no c'xpcri-

ntenlo CL (mm).
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100 200 300
Figure 9b - Accumulatcd prccr¡titilttotì ltì tlre corrtlol rul.l

(rnrrr).
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I"iguru th - l'raci¡tituçíio mcnsul ucunuluclu tto cspcri-
ntcttto tle utrrlrolc (mm).
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Figure 9c - Obse rvecl rlonthly plecipitation (nrnr), using

the SSM/l precipitation index, according to l(oLrsky (1997).

The rlorrthly ¡llean 200hP¿r circulation is r.cpreserrted

in Fig. l0 in ternls of'tlre strearn fì¡nction of the CL
ex¡rerintent ( l 0a), control ( l 0t ) and thc observcd structure
( l0c). It is intcresting to notc thar llìe Lrppcr levcl
anticyclonic flow north olthe ecluator in the westen'ì Pacific
seems signifìcantly bettcr reproduccd in thc CL case (conr-

pare Fig. l0a with Fig. l0c). llowever, rhe sinrilar lèature

over the northern lrrdian Oceall is not reproduced by the

CL or control cascs. The olientation ol the trough in the

southern Pacilìc neal 120"W is also better rc¡rroducecl in

thc CL case. llowcver, both tlre strength of'the anticyclonic
circulation over Sor¡th Anrerica (tlre Ilolivian lligh) and

500 400 õ00
Figura 9c - Praci¡tituçtío men.rul ucuntulutla ohservutlu
(tnnr), usuntlt¡ r¡ íttlicc tla ¡trcci¡tituçät¡ SS/r,I/t, cottfitrne
K¡tr.tk.¡, (1997).

the sinlilar fèature ovcr sot¡thcrn Âliica at.e i¡lldercslimated.
Changcs in the upper level divergence certainly have a

signifìcant intpact in the u¡rper level rotational contponent
of thc flow (Crinrm & Silva Dias, 1995), The rrough olf
the north-east coast of Brazil in the CL case is better

¡rositionc<j fÌom a clilnatological point of view. This seems

associated rvith thc displacenrent of the upper level
divergcnce fì'onl the Andes in the control case to Central
Brazil in the CL case. Gandu & Silva Dias (1998) show
that upper lcvel over Ccntral Brazil and along the SACZ is
vely e fïcie nt f'or generating cyclonic vorticity ofTthe north-
cast coast of Blazil.
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Figure l0a - Monthly rrrean 200 hPa streanl function in

the CL experiment ( l0(' nrz/s).
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Figure l0b - Monthly mean 200 hPa stream function in

the control run (106 rn2/s).
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Figure l0c - Observed monthly mean 200 hPa stream

f'unction (106 rn2ls), according to Kousky (1997).

Figura l0a - Funç[ír¡ c:t¡rrcnla módiu ntensal cm 200 hPct

rro ax¡tct'ime ttto CL (10( nt:/s).

60Ìll

Figura I0h - Função ct¡rrenle módia mcnsql em 200 hPct

no cxperimenlo tlc conlrole (106 nt)/s).

90rv 0

Fi¡¡ura I0c - Função correnle ntéclia ntensul ol'¡servadct

em 200 hPa (10ó m2/s), confbrme Kousky (1997).
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CONCLUDING RBMARKS AND FUTURE
WORK

In this work, it is conrpared the nLlnlerical simulation

of rronthly rrreans of several atrrrospheric variables obtained

with two diffèrent paranreterization schenles of the

shortwave solar radiation absorption by water vapor. The

control run uses the current operational version of the

CPTEC/COLA's GCM with the shortwave absorption by

water vapor calculated according to Davies ( 1982). In the

second simL¡lation, this ladiative scherne is replaced by the

Chou & Lee ( 1996) scherrre, under cloudless conditions.

The use of the Chou & Lee schenle causes more

shortwave absorption due to the water vapor absolption

and the atmosphele is warnred. This warrning is rnore

pronounced in the upper troposphere, mainly in the

Southern I-lemisphele . An irrportant lesult obtained by

Kinter et al. (1988), using a CCM sinrilar to that of the

control t'un, is that the zonal nlearl tenrperature ofthe upper

troposphere is underestimated by sonre degrees. As the

results with the Chou & Lee paranreterizat¡or1 lead to

warrning in the troposphere, primarily at the upper part,

and the conrparison with sorle obselved fields shows

irnprovenrent in lespect to the control lun, there is a clear

indication that the tenrperature bias can be substantially

reduced by the use of the Chor¡ & Lee paranreterization.

As a consequence of the diffèr'ent nleridional
distribution of ternperature, the Southeln Herlisphere

subtropical .jet is weakened and the Nolthern Herrrisphere

subtlopical .jet is intensifìed and shified poleward. The

nleridional circulation is also generally weakened in the

Chou & Lee case. This effect is rrrainly noted in the I-ladley

cell and in the Ferrel cell in the Southern Hemisphere. There

is a slight increase in the Northern Hernisphere Ferrel cell

associated with the increased baroclinicity. The increase

in the shortwave absorption in the atrnosphere caused

decreasing in the downward shortwave irradiance reaching

the surface, primarily south of 60"N. As a consequence,

the surfàce sensible and latent heat f'luxes are reduced, south

of 60'N. The zonal nrean precipitation is also reduced by

about I 5 o/o in the sarrre area.

The global spatial distribLrtion of the large-scale tìelds

is, in a general manner, better represented in Northern

Hemisphere in the CL experirnent althoLrgh sonre

improvernent is also observed in the Southern Herrisphere,

primarily concerning the location of the highly convective
regions over Sot¡th Alrrerica and the SPCZ region. Large
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errors are obtained with both Chou & Lee and control in

ternrs of the spatial distribution of precipitation (and the

dynamical variables) in the lndian Ocean and the southern

Asian continent. Reasons for these discrepancies are beyond

the scope of this paper.

The lesLllts obtailled in Part I sllow lwo distinct groups

of schernes, in telms of the heating rates which they
produce. One group is obtained with the schelnes of Lacis

& Ilansen (1974) and Davies ( 1982), as they have the sarne

origin. The other group is formed by the schemes of
Briegleb (1992), Rarrraswarny & Freidenreich ( 1992) and

Chou & Lee (1996). The additional computing time of
implementing the scheme of Chou & Lee is less than 2 o/o,

in conrparison with the control nrn. The reason t-or choosing

the schenre of Chou & Lee was twofold. First, it is the

newest arnong the schentes. Second, the scaling of the water

vapor path used in this scheme is sornewhat different (see

Part I), being conceptually ntore consistent (Clrou & Arking,

l98l). These authors argue that the absorption in the line

wings, which is tnore important in the lower troposphere,

is rnore well represented in the way their scaling is
perf-ormed.

Future work includes a study of the energetics of the

circulation and the spin-up problern along the days of
integration. Prelintinary analyses suggest that there is a
reduction of the spin-up and a significant inrpact in the CL
experirnent is to be expected on weather fbrecasting. lt is

also desirable to test the ChoLr & Lee parameterization in a

cliurate simulation, running the model up to three or four
rronths.
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ABSORÇÃO nn RADIAÇÃO SOUR POR VAPOR D'ÁGUA NA ATMOSFERA.
PARTE II: TESTE DE SENSIBILIDADE COM UM

MODELO DE CIRCULAÇAO GERAL

A interação da radiação solar com gases e partículas

da atmosfèra é urr problerna fìtrdamental na rrrodelagenr

de tenrpo e clirla. Plana-Fattori et al. (1998) discutirarl o

problenra da parametrização da absorção de radiação so-

lar por vapor d'água, corrrparando alguns esquenras e dis-

cutindo as suas vantagens. Neste traballto, é estudado o

impacto da implementação, no Modelo de Circulação Ce-

ral do CPTEC/COLA, do esquenra proposto por Chou &
Lee (1996). O modelo é integrado ao longo de.janeiro de

1997 e canrpos nlédios mensais são obtidos (experintettto

CL). A conrparação é fèita conl o experiurento de contro-

le, no qual a versão operacional atual, qtte usa o esquetlta

de Davies ( 1982), é integrada para as rìtestÌlas condições.

O plincipal iurpacto do esquenra de Chou & Lee é ob-

servado na distlibLrição vertical de tetrrperatura. A análise

das nlédias zonais ulostranr qlre o aqueciurento da alta

troposfèra tende a ser mais acentuado, corrigindo unla fàlha

do expeliurento de controle, que tende a lesfì'iar essa re-

gião. A nova distribuição melidional de tentperatura tende

a reduzir a intensidade do .jato subtropical do Hemisfërio

Sul. O.iato do Henrisfërio Norte fìca uur pouco utais intenso

e deslocado para norte. Como resultado do aunrento da cs-

tabilidade estática, é observado r.trl enfiaquecimento das

células de circulação nteridional. A célula de llaclley sofie

o rrraior enfiaquecinrcnto. Conro o esquema de Chou & Lee

cat¡sa urais absorção na atmosfèra, acontece unta redução

na irradiância solar que atinge a sLrperfìcie. Esse efèito é

nrais intenso no llenrisfërio SLrl, que é o henlisfërio de ve-

r'ão. A dinrinLrição dessa irradiância reduz, substancialuren-

te, os processos energéticos à superfÌcie. O tluxo de entalpia,

qr"re defìne a configuração da calrrada de nristura e o fluxo

de calor latente, que está relacionado à capacidade de de-

senvolvinrento de nuvens convectivas, são reduzidos. Conl

isso é observada uma redução de aproximadamente l5 %o

na precipitação nlédia global. Urrr aspecto interessante é que,

colro a atividade convectiva, no experimento CL fbi redu-

zida, a atnrosfera esteve, em nrédia, Irrais únrida que no ex-

perirnento de controle. lsso é unr efèito não linear que suge-

re que parte do aquecirnento da atmosf'era f-oi devido ao f'ato

de ela estar mais úrnlida no experitrrento CL.

Unta vez que o experirrrento CL teve o efeito
termodinânlico esperado, à luz dos resultados apresenta-

dos na Parte I (Plana-Fattori et al., 1998), é interessante

que se conrpare os resultados corn algurnas observações

para que se verifique se lìouve alguma melhoria no de-

senrpenho do rnodelo, Para isso, são utilizados alguns cam-

pos nrédios, correspondentes ao nresrlo período, constan-

tes no "Ciir¡tutc Diugnostics Bullelin: ,)anuary 1997"
(Kousky, 1997). A análise da pressão rnédia ao nível do

nrar rl.rostra que houve urna boa nrelhoria, principalmente

no Hemisfërio Nolte. A posição e a intensidade dos prin-

cipais centros de alta pressão assirrr corno a baixa do Pací-

fìco Norte, que não são benr representadas no experinren-

to de controle, aproxirnanr-se bastante do observado no

experirnento CL. No Herrrisfério Sul e sobre os continen-

tes, a rrrelhoria causada pelo esquema de Chou &. Lee é

rlais discreta. Análise do potencial de velocidade ern 200

hPa mostra que, no experimento CL, a divergência em al-

tos níveis é, novamente, nrelhor representada. Isso pode

ser verificado sobre a América do Sul Tropical e sobre o

Pacífrco Leste, ao norte do equador. Mesmo nas regiões

onde aurbas as sirrrulações f'alham, conro é o caso do Oce-

ano indico, o experirrrento CL se aproxirna mais da obser-

vação. O canrpo rotacional, dado pela função corrente em

200 hPa, rnostra que os cavados e cristas do Hemisfério

Norte, assinr conlo o cavado sobre o Nordeste do Brasil,

aproxirnarn-se nlais do observado no experimento CL. O
po'sicionarnento dos principais sisternas convectivos é

igualnrente benr representado, exceto sobre o Oceano

Índico, em anlbos experirnentos. Entretanto, a redução dos

valores máximos de precipitação no experimento CL faz

com que os resultados desse experirnento se aproxirnenr

nrais do observado.

Os resultados nlostram que a implementação do es-

quelna de Chou & Lee tende a reduzir certos erros produ-

zidos pela pouca absorção atmosférica causada pelo es-

quema de Davies, principalrnente na alta troposfera. lsso

faz com que os calnpos de grande escala calculados cotn o

esquelna de Chou & Lee aproxi¡nern-se mais dos campos

observados.
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