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ABSORPTION OF SOLAR RADIATION BY WATER
VAPOR IN THE ATMOSPHERE.

PART I: A COMPARISON BETWEEN SELECTED
PARAMETERIZATIONS AND REFERENCE RESULTS.

A. Plana-Fattorir, B. P. tle Souzar'2 & J. C. S. Chagas3

Sclcctccl schcurcs conccivccl lìrr provicling rcliablc ancl computationally cl'lìcicnt cstintntcs ol'thc
absorption ol'solirr r¿rcliation b1, thc atmosphcric rvatcr viìpor arc cliscussctl. Spccial attcntion is

ilcvotcd to thc schcmc proposcd b¡, ¡,n.,:; & Ilanscn, rvhich is incluclccl in latliativc coclcs o1'

atnrosphcric moclcls rt¡ltning at llrazilian ccntcrs ol'rçscarch aud nunrcrical rvcathcr lbrccasting.
Aclditional schcn.rcs, ploposccl liom rclativcl¡, lnotlcrrr cstirratcs ol'thc cll'ccts cluc to tho rvater
vapor absorption, are also inclt¡dcd in thc anal),sis. ln thc goal ol'asscssing systcnratic crrors associatccl

to thcsc schcnlcs. cornparisorrs arc pcrlilrmcd rvith lrcnchnl¿rrk rcst¡lts availablc in thc litcraturc
rvhich havc bccn obtainccl thlough carclìrl linc-tr1,-linc intcglation tltroughout lhc solar spcctrunl.
Moclcln schcurcs allorv lllorc atnrosphclic absorption, ancl lhcrclìrrc lcss tlorvnrvarcl shortrvavc
ilracliirncc at thc grouncl. rvhcn conrparccl rvith schcnrcs inrplicitly ailoptcd at prcscnt in llrazilian
cclìtcrs.

Key worrls: Solar racliation; Watcr vapor; lìailiativc transf¡r; z\tnrosphcric nroclcling; l,inc-by-linc
intcgratiorr; Iìacliativo coclcs.

ABSORÇÃO DE tìAD|AÇÃO_SOl-¡R POR VAPOR D'ÁGUÂ NA ATMOSFERA.
PARTE I: TIMA COMPARAÇAO ENTRE PARAMETRIZAÇOES E RESULTADOS
DE REFERÊNCl/t - Iistc urtigo uuulisu tlit,arsos usl)aL'los rcl¿tc'ioncttlos it ut,uliuç'tio tlos eleitos

utruvós tlc t'st¡utttttrts (purunrctri:uç'õas,) quc st'jum acunulos c L'ont l¡oi.xr¡ custt¡ contpulttt'iottul.
.,ltanç'îio t,s¡tt,c'irtl é ¿lt'dit'utlu uo (sqtrcnM l)roposlo l)ot'l.uc'is & llunscn, dttdtt quc ela attc'ottlru-sc
inc'lttí¿lt¡ t'trr c'ótligos t'urliutivos da nttxlalos utnrtxJëric'os ulili:ados an diversus instituiçõe'' brosi-
laints. ,ls uttúlisas ittt'lttan uittlu oult't¡s esquantus, l)roposlos u purlir de cstintulivus relulivctnrcttla
ntt¡rlarnus dos e.fì'itos dct,i¿lt¡s ù uhsorç'ão dc rudiuç'[io solur pt'lo vopor tl'/i¡¡uu. No itttttito de se

t¡rrttttti.fit'ur an't¡s si.çtemtilit'os ttsst¡t'iu¿lt).s ¿/ ¿'.tlcs asquailuß, c'ompuruç'õas síio aJetuctdus Ji'enla u
rcsttlludos tlis¡tottíveis nu litarulut'u a ol¡lidos cmpragutulo-sa c'ócligos radictlìvos cupa:es da levar
(nt conlu o int¡tuc'to ist¡lutlo da uulu linltu de ubsorção. lisquanns da da"^cttvolvítttcnlo rccettla

¡troporciornnt nruis uhsor'ç'tio ulnosför'it'tt, Lt l)ortuttto ntcnor(s vulores puru a irratlilinciu solur
ìttt'itlattla ù supar.fícia tlt¡ sctlo, quando conrpurutlos c'on ru¡ualas asqucmos que lênt sido uLlt¡ludos
im¡tlit'ituncnttt t'nt nrxlclt¡s ulntos.fìtrit'o"- t'nt¡trcpludos t'nt irtsliluições brusilairus.

Puluvrus-chuvc: Il.udiuç'[io solur; l'u¡tor d'úguu: 'l'runs.farôttc'iu rudiulit,u; ll'lode lugant olmos.fúri-
ut ; l r t t c gnrç' [í o I i tt hu- u- I i tt I tu : (' ód i go"^ nul i u I itt t¡s.
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INTRODUCTION

General circulation nlodels employed f'or. clinlate
modeling and numerical weather fbrecasting require
accurate estintates of the absorption of radiation by
atmospheric water vapor. As the explicit f'or.lnulation of
the problem is too corlplicated fbr general circulation
modeling purposes, these estimates are based upon
computationally efTcicnt schenres designed f'or obtaining
the rnean value of the water vapol.absorptance over a broad
fraction of the solar spectrl¡nt as a function ol the watcr
vapor mass content. The simplicity of such broadband

absorptances schelrres is illusory, once they allow only the

combined effects of thousands of absorption lines,
throughout a bealn path with inhomogeneous distributions
of water vapor concentration, pressure and tenrperatrrrc.

An overview on the sub.f ect may be f'ound in sonle textbooks
(e.g., Liou, 1992, pp. 26-47).

In this article, the reliability of selected sche ntes f'or

obtaining water vapor broadband absorptances in
atmospheric models is assessed by comparison with results

achieved by other authors throLrgh refèrence rnethods.

Attention is given to the schemes proposed by Lacis &
Harrsen (1974) because it is included, sometimes with
modifications, in radiative codes of atmospheric lnodels

running at Brazilian centers óf research and numerical
weather fbrecasting. This is the case of the r.adiative code

proposed by Davies (1982), fìrlly clescribed by Chagas &
Tarasova (1996), which runs daily at the global model of
the "Centro de Previsão do Tempo e Estudos Climáticos"
(Center for Weather Forecast and Clinlate Studies, CPTEC/
INPE, Cachoeira Paulista, SP), a version of the general

circulation model of the Center fbr Ocean-Land-
Atmosphere Studies (COLA/IGES, USA; see Saro er al.,
1989, for an overview). This is also the case of the radiative
code of Chen & Cotton (19S3) included in the regional

atrnosplreric model RAMS (Pielke et al., 1992). The scherne

of Lacis & Hansen (1914) is considered yet in some gene-

ral circulation models fbr obtaining either clirnate
projections (see Gates, l992,for a compilation in the scope

of the prograrn AMIP) or numerical weather forecasts (e.g.:

Black, 1994; Hardiker, 1997). Special atrention is giverr

also in this study to recent schemes which coLlld replace

tlre one proposed by Lacis & Hansen (1974) in atmospheric
models.

The companion article (Souza et al., 1998, this issue)

deals with the influence of the scheme ernployed f'or

Âbsor'¡-rtiorr of'Solal lìacliation b),W¿ttcr Vu¡tor in tho Âtnrosplrcr.c - l)¿rrt I
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obtaining watcr vapor broadband absorptances on several

nreteorological fields. Such an influence is assessed fì.ont

numerical simulations nade with the CPTIIC/COLA's ge-

neral circulation nlodcl. 'fakcn together, these two articles
cor¡ld indicate (i) the rnagnitudc of systenratic errors due

to thc water vapol absorption calculations, and (ii) the

possibility of reducing thcm by replacing curre nt schcrles
lvith nrore recent oltes.

OVBRVIBW ON THB SUBJBCT

Broadband absorptances rr,, (due to water vapor, carbon

dioxide , etc.) are dcfìned fì'orr respective ¡rronochrorlatic

ø(rr) values by nreans of weighted-avcrages, taking into
account the spectral distribution ðo,,lr4 associated to the

solar constant ðr.¡ ;

(l)

As the contribution of the water vapor to the nrolecular
scattering is negligiblc in thc terrestrial atnrosphere, water

vapor absorptances a(rr) can be assunled corlplementary
of the respective beant tl'ansntittances l(r;), allowing:

t '-
{ri, = l- *L, J,tt,l.n,,,.(r.,).tlv . e)

Water vapor transmittances for a slant downwclling path

between the pressure leve I p':¡t and the top of the

atnrosphere @'z()) can be writtcn in the f'or¡l:

( 
,\ l( tt,,) ''r ,, . .r 

qt 1,, 1.,/p,lttt'\= t(v,t().1,1=cxpl--;: 
JOLv,.¡,'. t 

( ¡t)l 
),

(3)

where M(¡ut) is the optical air rnass, ¡ro is the cosine of the
Sun zenith angle, g is the acceler.ation due to the gravity,
'l'@') and q@') are respectively the air temperature ancl the

specifìc hrrmidity (kg.kg,) ar the level p',ar.td klv,p',7@,))
is the mass absorption coefficient (nr. &g-/). For a

wavenumber y, such coefficient results from the
contribution of Jabsorption lines centered at wavenuurbers

r.i,, (Liorr, 1992, p.44):

k1r,, p, ,T(p')l= I s,lr(ll))../',1v,,r,,,,, p, ,T(p')1,
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bcing that eaclt oue corrcspondiug to an intcgratcd linc

inrcnsity S;[7þ')l and to a linc shape ÎactorJ)[u v",,n',7(n)l

Reccnt compilatiotts of absorptiort line parattlctcrs (e.g.,

Rotlrrr.ratr ct ttl., 1992) coulain infonttatiolt abottt tnorc than

¿t85(X) transitions for lhc rvater vapor bcttveen r,:0 aud

v=23000ctn-r.
Thc accuratc intcgration of thc right-hand sidc of

Eq.(2) for a given atntosplteric prolìlc (the so-callcd line-

by-linc approach) requires a \/cry fine spcctral resolt¡tiou,

around 0.0lcur-r for thc r.valcr vapor absorption (Liou, 1992,

p.4rl). It reprcscnts a formidablc timc consumiltg task, cvcll

rvith thc availability of a snpercotìtputer. This approaclt is

adoptcd urainll' for obtaining bcncltmark rcsults, rvhich

havc bcen many tiurcs cmplovcd for asscssittg tltc rcliability

of schcmes includcd iu radiativc codcs coltceived to

numcrical lvcatltcr forccasting and clilnatc ntodeling.

Most scltclnes ruuning at prcseltt itt attttosphcric

modcls have becn proposcd iu tltc contcxt of trvo ntcthods,

thc k-distribution and tltc cxpoucutial sunt fitting of

trausmissions (ESFT). Bolh approachcs cnablc a consislcnt

mergc bclrvceu ruultiplc scattcring and ntolccular

absorption calculations (Stcphcns. I 9tt-t). Follorvirtg both

msthods, broadband absorplanccs can bc obtaincd through

rclationships likc:

N

a,,(.t) =t-l
tr=l

1'(/r,, ). cxp(- k,,.(. / ),

r'vherc l.i is thc patlt-intcgrated watcr \/apor contettt. In tltc

k-distribution rnetltod, 1'](À,,) and Å',, iudicatc discrcte

probability dislribution valucs and absorption cocfltcicttts.

Thc fundanrcntals of this lncthod as rvcll as thc rationalc

for obtaining /'(Å,,) and /i,, fron.r linc-by-linc calculaliolts

nray bc found in rcccrtt lcxtbooks (c.g., Liou, 1992, pp.'72-

77). Thc ESFT mcthod cnablcs broadband absorptances

also by applying Eq (5), but 1'(k,) And Ä,, arc oblained by

rniniurizing an crror functiou to approxintatc thc tntc valucs

of I -a., (c.g., Armbrustcr & Fischer. I 996).

Tab. I displays 1'j(À,) and k,, corrcsponding to thc

schemes courparcd in this study (scc Scction 4). As thc

âccuracy of the Eq.(5) iucreases r'vith N (sec Fig. I of Chou

& Lec, 1996), thesc scltcnlcs r'vould itt principlc ft¡rnislt

different results c\/cll to thc casc wlterc tltcy ltave been

obtained froln a salne set of prcviot-ts cotttpLfatiotts. The

sclremcs proposcd by Lacis & Hausen (197 4) altd by Davics

(l9tl2) lvcrc do,cloped throLrgh thc ESFT mcthod from

broadband absorptancc calculatious performcd by

kl:,. p'.7'Lp)l 
= elp,..t-(p,). tr,.,,t.,l,

ti\v. p,.,1 ,.)
(1,)

allolving uronochromatic transmittances given by

t (v, ¡ut,p) = exp (- ¡'¡ ( ¡u). k (v, p,,t.,) t'Ve ç p¡

wherc ll/eQt) is the cquivalent (or pressure-temper¿ìture-

rvcightcd) r,crtically integratcd watcr vapor content.

Diffcrcnt scaling functions QIp',7(p'),nrT,1 have been

proposed, allorving distinct llte(p) values for a given

ritrnospheric profilc. Most schemes were developed by

adoptiug

( p,\,'( ,r, \','<Þlp'.'l'(p').p,..'l',1= 
[;,1 t,nñJ (9)

r'vith p.:l0l3hPa and 7',=2'73K. According to Lacis &
Hansen (1914), "tlterc is littlc theoretical justihcation for
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Yarnamoto (19(t2), rvho employed overall absorption data

(see Section 3). The scheme proposed by Briegleb (1992)

includcs 4,, values obtained by Lacis & Hansen (l 974), and

P(li ,) values adjusted for giving satisfactory agreement with
Iine-by-linc calculations. Ramaswatny & Freidenreich

(lgg2) also applied thc ESFT rnethod, but fitting the

diffcrences betrveen results from line-by-line calculations

and those obtained with thc Lacis & Hansen schetne. The

scheme of Chou & Lee (1996) was derived througlt tlte k-

distribution method frorn l ine-by-l i ne calcul¿ttions.

Rcaüstic alrnospheres are charactcrized byvariations

of air tcmpcrature, pressure and absorber ¿unount along the

optical path. A classical approaclt for evaluating water va-

por absorption in such conditions deals witlt the so-called

scaling approximation, which involves the adoption of an

cquivalent optical path, at fixed pressure aud temperature,

rvhich rcplaccs the real one. Iu other words, it could be

possible to idcntify a "rcfercnce level" in the atmosphere,

charactcri zcd by p' - p, and 7'(p')=7',, whose adoption would

allolv thc salìre transrÌrittance resulting from tlte realistic

profilc. It is usual to assume in suclt context that thc ratio

bctrvccrr tlte urass absorption coefficient k[v,p',7(p ')] and

ils rcspcctivc vahrc al (nr'l-) is a function wlticlt does not

cxhibit any spectral dcpcudcncc,

(5)

IVc(p) =* 
io,tr', 

t', p'), p, ,7',l.rt(p').ctp' ,

(7)

(8)
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using lour Eq.(9)] fbr the entire spectrurn of water vapor
bands, but it is probably better than applying no pressure

and temperature correction at all". Typical values of n and

rn f'or the water vapor in the shortwave dontain range fionr
0.t) to I and fiom 0.45 to 0.5, respectively (Stephens, l934).
l'he influence of n on broadband absorptances have been

.rnalyzed by sone authors (Lacis & Hansen, 1974; Wang,
1976). According to Stephens (1984), the uncertainties
associated with the application of Eq.(9) and the subsequent

Table I - Discrete probability filnction values p(t,,) and

absorption coeffìcients t,, respective to selected schenles

proposed f'or obtaining broadband absorptarrces. t,, values

are expressed in (kg/nr2)-r. P(t,) values corresponding to
tlre scherne of Briegleb (1992) result from the product of
the respective p(HrO) with the làctor sol/i.c, fiaction of solar
irradiance in the interval 0.7-5.0 pm (see 1'ab. Ib of that
author). Last line indicates the spectral range over which
water vapor absorption was taken into account in the
developrnent of every scheme.

Âbsolption ol'Solar'[ìadi¿rtion b¡,Watcl Vapor in thc Atnrosphcr.o - I)¿rrt I

choice of z are smallel'than those associated with
rrncertainties in both the absorption data and Il.te Eo,()
spectrunl.

Lacis & Ilansen (1974), Davies (1982), and
Ramaswarny & Freidenreich (1992) enrployed r:l and

¡l:0.-5 in their schentes f'or obtaining rr,, estinrates. ln order
to provicle lnorc rcalistic stratospheric heating rates,
Briegleb (1992) enrployed a nrodified pressure-weighred

path based upon the scaling fìlnction given by:

Tuhelu I - Vuloras tlu,firnçiío tliscreru cla ¡tnúahilitluclcp(k,,)
e crrcf icienta,s cle ubsorçäo k,,pura dif crentc.s esquamqs pro-

¡toslo,t ¡tura uvuliução tlu uhsr¡rtcîncia st¡lar dcvidu uo va-
por tl'úguu. Vuloras clek,,.s[io cxpressos cm (kg/nf )'t, Volo-
rc.s de P(k,,) puru o asquemu tle Bricgleb (t992)./bi obtitto
nnr lli¡tlicundo-se o re.s¡tect ivo valor ¡t(H ,O) pclo./irtor solfr-c,

./iação da irracliâncict solur contitla nr¡ intcrvulo 0,7-5,0 ¡an
(var Tub. lb,cluqucla uutor). A tîltimu linhq in¿licq o tüomínio

uo longo do c¡uul u ubsorção pclo va¡tor ct'águu /òi lettuclu

ctn cr¡ttltt no clcsenvt¡lvimcnlt¡ cle caclu esqueme.

Lacis & l'lansen
(te7 4)

Davies
(r e82)

B rie glc b
(tee2)

Ramaswamy &
Freidenrcich (1992)

Chou & Lce
( I ee6)

n P(k,,) k
n

P(k,,) k P(k,,) k P(k,,) k P(k,,) k
n

0.6470 4't0-6 0.t07 0.0005 0.266065 0.0002 0.6214 4'10-6 0.29983 0.000 t0

2 0.0698 0.0002 0.t04 0.004 | 0.t 1064r 0.003 5 0.0óe8 0.0002 0.05014 0.00 t33

-t 0.t 443 0.003 5 0.073 0.04 I fi 0.063223 0.0377 0. r 558 0.0035 0.045 -5 5 0.00422

4 0.05 84 0.0377 0.044 0.47 52 0.036880 0.1 95 0.063 t 0.0377 0.03824 0.01 334

5 0.033 5 0.t95 0.025 7.24s9 0.025289 0.940 0.0362 0.t95 0.0296s 0.04217

6 0.0225 0.940 0.015279 4.46 0.0243 0.940 0.02280 0.1334

7 0.0158 4.46 0.00e483 t9.0 0.01-58 4.46 0.02321 0.5623

8 0.0087 19.0 0.00 8 7 19.0 0.0 r230 3.t62

9 0.001467 98.9 0.005 r5 t7.78

l0 0.002342 270.60 0.0023 9 100.0

ll 0.001075 390 I. I

spectral
range

l0l5 - 13514 cnr-l l0l5 - 135 l4 cm-l 1000 - 18000 cnr-r 0 - 18000 cnr-¡ 1000 - 14500 cm-l

Ilevistrt lJrctsilairu da (icoJísicu, Itol. l5(3), t997
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being ¡rr.r the cosine of the Sun zcnith angle and ¿trO.00 l7

an enlpirical factor deternlined by trial and crror. Following

an altemative point of view, ChoLt & Lee (1996) adopted

the scaling 1ìnctiolt

allows the identifìcation of the integrals A(Av,), whiclr can

be interpreted in terrns of the total absorption verified

throughout the spectral interval Av or, alternatively, irr

terms of the equivalent band width of the sanre interval

(Howard et al., 1956a). Thus, broadband absorptances can

be writterr in tlre lonr:

I /t \

,r,, =) f + t &t,,(v).dv l.a1au,¡. (r4)" Í\5,,rtv, )

being a(Av,) an "average" absorptance giverr by

Qlp' .T(p'), p,,T,f = +ô

Qfp',7(¡t'), p,,T,)=

p'

p,
lu)

l/2

( l0)q(p')

p'

l),
exp(o.oot 3s x (i"(p') - | ))

(il)
u(Lt,,) = + I,,,u(v).dv = L.uror,,

with p,:3001'/Da, T,-240K, and rr=0.8 . l-he inlluence of

sornewhat different values fbr p,,7.,, and n in Eq.(l l) on

water vapor broadband absorptances was disct¡ssed by Chotl

(1986). The choice of the refèrence presstrre level in the

upper tropospherc instead ol' at the tllcal.ì sca level was

.justifìed by Chou & Arking ( l98l) lì'onr a care fìrl analysis

involving (a) the relative inrportance of line centers and

line wings to the absorptiotr at a given level and (b) the

basic fèatures of the water vapor vet'tical distribution.

BROADBAND ABSORPTANCBS FROM
MEASUREMENTS OF OVBRALL
ABSORPTION

Broadband absorptattces can also be deriveil ft'onl

nleasurenrents of the overall absorption due to the water

vapor throughot¡t a series of well-delìned spectral intervals.

SLrpposing that signifìcative absolption takes place only at

a fìnite rrulllbcr I of spectral intervals lv ,then'.

u(v).8o,.(v).clv ( t2)

Assuuring that luolecular absorptances exhibit more

inrportant spectral dependence than that related to the so-

lar irradiance, it is possible to defìrle an avet'age value

Eo,(Av,) f'or each interval /r,:

!,,,,u(v). 
Iio,, (v ¡.d v = Iit t,.( L v,). 

!,,.
u(v).d v = lio,.(Lv ¡). ¡1(A v,)

( l3)

which can be evaluated, in a f trst-older approxinration, by

averaging Eo,(v) over the respective interval. Ec¡uation ( l3)

( l5)

Yauramoto (1962), arìtong others, f'ollowed such

rationale to evaluate water vapor broadband absorptances,

taking into account the nrost irlportant absorption bands

situated in the solar spectrunl. He employed previous results

obtained fì'om two experitrrental progralns conducted in the

past, naurely: (a) thc curves relatirrg average absorptances

a(Av,) with the atntospheric water vapor cotttent, resulting

li'om the pioneer work of F. E. Fowle in the beginning of
this century (Fowle, l9l5), and (b) the analytical

expressions describing total absorptions A(Av,) which re-

suure the nleasuremerlts performed in laboratory by J. N.

Howard, D. E. Burch and D. Williams in the fifties (Howard

et al., I 956a, I 956b).

Ma.ior results fi'onr the pioneer work of Fowle ( l9l5)
were slrn'rllarized by hirrlself in a fìgure which shows a

fàmily of curves relating water vapor contellt values with

atnrospheric absolptances averaged over ltarrow i¡ltervals

cerrtered around 0.72-,0.8-,0.94-, l.l-, 1.38-, and

1.87-¡rnr. Such results were reviewed and applied by

McDonald (1960), who concluded also (a) that Fowle's

curves indicate averagc absorptances intrinsically reduced

to sea level prcssures, allowing cotrrputatiotls of solar

ladiation absorptiott which depends only on the knowledge

of the atmospheric pressure-weighted water vapor content,

and (b) that the contribution of the weak 0.12- and 0.8-¡'tm

bands on the broadband value d,, cannot be neglected, yet

the respective values of the solar spectral irradiance are

relatively high. The latter point was confìrmed by Kratz &
Cess ( 1985) fiom more recent molecular line data.

Howard et al. ( 1956a, 1956b) studied total absorptions

associated to several water vapor bands from nleasurements

perforned under controlled conditions in laboratory

proposirrg also f rrst-order analytical descriptiotts for A(Av,).

, =I.í t" &t i J\r"
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Following those authors, the total absorption associated to
a certain water vapor band can be alternately evaluated by
one of two expressions,

A(A,v,) = c,.(Jtt'.(p,,,, + p,,)k, and (16)

A(Lv,) = C¡ + D,.log(U) + K,.log(p,,,, + p,,), (17)

depending on values assumed by the rnass content U (g/
cm2) of the 4bsorbing gas, by its partial pressure /2,, (ntnr
Hg), and by the pressure p,,,, (rnm Hg) of the non-absorbing
gaseous mixing. Parameters c , k., C , D , and K are
empirically-derived constants for each band. The two
expressions correspond respectively to the cases A(Av,) <
A"(Av,) (weak-band fit) and A(Av,)> A,(Av) (srrong-band

fit), where l.(/ v,) denotes transition or critical values. These
latter do not have a physical meaning, as stressed by Howard
et al. (1956b): "... the selection of the transition value is

somewhat arbitrary; in its immediate vicinity neither [our
Eq.(16)l nor [our Eq.(17)] applies and an inrerpolarion
function must be used". Water vapor effects were
investigated only for the bands centered around 0.94- , itl-
, 1.38- , 1.87- ,2.1- ,3.2- , and 6.3-¡rm. Those authors
claimed an agreement within 3 oZ between observed and

estimated total absorptions by using Eqs.( l6) and ( l7), with
the exception of the 0.94-¡"rm band. Howard et al. (1956b)
recognized that other expressions besides Eqs.( I 6) and ( I 7)
may exist, which could be better justified from the
theoretical point of view.

The calculations perforrned by yarnamoto (1962)
represented one of the first efforts to merge results frorn
the careful laboratory measurements made by Howard et

al. (1956a, 1956b) concerning the most important water
vapor bands in the solar spectrum, with those derived from
Fowle's work and associated to the non-negligible 0.72-

and 0.8-¡"rm bands. Unfortunately, yamamoto (1962) was
somewhat confusing in explaining the framework of his
approach. Results provided by Fowle (1915) were
employed only for calculations corresponding to the 0.72-

and 0.8-¡rm bands, under water vapor content values below
20 kglmz; above such limit, estimates were inferred by
analogy with absorptances given by Howard et al. (1956b)
to the l.l -pm bdnd. Results from these latter authors were
directly applied to the other bands. Figure I of yamamoto

(1962) shows a satisfactory agreement between Howard et

I Italic fiom Roach's article.

Absorption ol'Solar lìatliation by Watcr Vapor in thc Âtrrosphcrc - l)art I

al.'s and Fowle's data, if the latter are applied as indicated
by McDonald (1960).

Lacis & Hansen (1974) proposed a scheme like Eq.(5)
for obtaining water vapor broadband absorptances, with
N:8 (see Tab.l). This expression was obtained by fitting
the broadband absorptances displayed as curve 3 in Fig.l
of Yamanroto (1962). A sirnilar scherne was proposed by
Davies (1982), with N:5 (see Tab.l), from the same

calculations. Both schernes allow ¿r,, estinlates which
include, intrinsically, limitations of the contributions from
Howard et al. ( 1956a, 1956b) and frorrr Fowle ( l9l5), as

well as lestrictions concerning the assumptions accepted
by Yamamoto (1962).

The reliability of the sche¡ne proposed by Lacis &
Hansen (1974) have been discussed by several authors
(Stephens, 1984; Kratz & Cess, 1985; Chou, l9g6;
Ramaswarny & Freidenreich, 1992). Following those
discussions, inaccurate estilnates f-or ¿¡,, could be obtained
f'or relatively dry atmospheric layers. This would be related
either to thc limits of applicability of the fit proposed by
Lacis & Hansen (1974) or to the unsuitability of the
extrapolation criteria adopted by yanranroto (1962) to
estimate absorptances beyond experimental conditions.
Nevertheless, two other aspects could in principle contribute
to decrease the reliability of that parameterization.

First of all, the applicability of the results shown by
Fowle ( l9l5) to the evaluation of heating rates is a ntatter
of controversy. As noted by Roach (196 l): ,.... Fowle's
experinrental rrrethods were sound but the reliability of his
data is limited by the equipment and small theoretical
knowledge then available: for instance, he did not study
the eifects of changing pressure and ternperature on
absorption, so that while his measuremeltts of total
absorption as a function of water vapour are approxirnately
correct, they are inadequate for estinlatin g the rale tf'
chungc ( r) of absorption with optical path which is clirectly
related to the heating rate". It seems adequate, following
such reasoning, that any contributions resulting from
Fowle's work should be employed only for totalabsorption
calculations, and no longer for the cornputation of radiative
heating rates.

Fufther, the reliability of the results obtained by l{oward
et al. (1956a, 1956b) is also a matter of controversy.
Yamanouchi & Tanaka ( I 985), after conducting a somewhat
similar experinrental program, observed irnportant
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discrepancies between their own total absorptior"rs A(Av,) and

those reported by Howard et al. ( I 956b) to the bands centered

around 0.94- ,l.l-, and 1.38-¡rm. Yamanor¡chi & Tanaka

( 1985) attributed such discrepancies rrrainly to an inadequate

treatlnent of the pressure dependence lry those authors in

their empirical relationships and to the influence of systernatic

experimental errors. As consequerlce of such discrepancies,

water vapor broadband absolptances resulting fì'ont

Yarnauroto's calculations arc snraller than those derived fionl
Yarnanouchi & Tanaka ( 1 985) nteasurentents by about I %
in absolute value or l0 %o it"t lelative value.

Tltus, it seerrrs clear that the accuracy of water vapor

broadband absorptances obtained through scheures based

upon calculations perfornred by Yamamoto (1962) nray be

srnaller tha¡l that usually accepted. This is the case of water

vapor absorption cstintates nlade by using the sche¡ne of
Lacis & Hansen (1974) ernployed in the regional atnospheric

nlodel RAMS, as well as those made through the scherrre

proposed by Davies ( 1982) and incorporated in the general

circulation model n¡nning at the CPTEC/lNPE.

SOME COMPARISONS

The accuracy of selected scherles conceived fbr
obtaining water vapor broadband absorptances is discussed

Table 3 - Total atmospheric absorptiorr ABS dL¡e to the

water vapor f'or ICRCCM shortwave case | (see Tab.2),

obtained through difTèrent line-by-line radiative codes.

Compilations AFGL 1982, HITRAN 1986 and HITRAN
1992 have been described successively by Rothman et al.

(r983, 1987, t992).

Revistu lJrusilairu de CaoJisica, Itol. l 5(3), 1 997
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Table 2 - Sunrrnary of the six test cases selected for the

comparisons perfbrnred in this study. All the cases

correspond to a ground reflectance equal to 20 Yo. Model
atrnospheres were taken fiorrr Ellingson et al. (1991). Tro-
pical, Mid-Latitude Sumlner, and Sub-Arctic Winter model

atnrospheres correspond to vertically-integrated water va-

por contents around 4 1 .4, 29.5, and 4.2 kg/nr2, respectively.

Tabcla 2 - Sumcirio ctos .tei:s cusos-lcsle sclecionaolos paru
us contporuçõcs efctuudcts nasle estutlo. A refletancia da

supaiície clo.solo./iti ctssumitlq iguol u 20 %, c os per/is
utntosfériuts.fbrum axtretído"^ de Ellingson et al. (1991).

Pcrf is utmos/éricos indicuclos conlo Tro¡tical, cle Médias-
Lctlilutlcs no Vcr{ir¡ c Sub-Artict¡ no Inverno corrcspondem
u vctlora.s cm torno ¿le 41,4 , 29,5 e 4,2 kg/m2 respectivu-

ntcnle puru o conteúdo inleg;rutto em vapor d'úgua.

Tahelu 3 - Absorção otntos.fériccr k¡tal AßS devida oo vo-

¡tor d'cigua pura o cuso I do progruma ICRCCM (ver

Tub.2), obtidu uplicando-se di/brentes crjdigos radiativos
cepazes de levar cm conla o intpacto isolqdo de cada linha
de ahsrtrção. As huses tle cludos espectrosc(tpicos AFGL
1982, HITRAN 1986 c HITRAN 1992./orum de.scrita.s por
Rothnun ct ul. (1983, 1987, 1992).

l

câs e model atmosphcre Sun zenith angle

I Mid-Latitude Sunrmer 300

2 Mid-Latitude Sunurrer 75"

Tropical 300

4 Tropical 75"

5 Sub-Arctic Winter 300

6 Sub-Arctic Winter 75"

sout¡ce s¡rcctml range (cm-r)
line parameten

compilation
ABS (w/rrf)

Fouquaft et al. ( 199 l) - LBLI 2600 - r4500 AFGL I982 112.4

Fouquaft et al. (1991) - LBl2 0 - 18000 AFGL I982 178.2

Chou ( I 992) 2600 - t4500 lllTRAN 1986 t10.7

Rarrraswanry & Freidenreich ( I 992) 0 - 18000 AFGL I982 t 78.1

Fomin et al. ( 1993) 2600 - 14500 HITRAN I986 17t.4

Chou & Lee (1996) t000 - t4500 HITRAN I992 t74.0
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below after sonlc corrparisons with l¡enchnrark results.

These latter have been obtained through carclul line-by-

line integlation throughout a large fì'action of the solar

spectrum, fbllowing procedures described in sonre

textbooks (e.g.: LioLr, 1992, 1tp.26-47). Such benchmark

lesults have been provided by different authors in the sco¡tc

of a series of ef'forts devoted since the mid-eighties to cont-

pare radiative codes (program TCRCCM - Ellingson &
Fouquart (1991)).

All cornparisons discussecl here are perforrrred under

defined conditions f'or atmospheric plolìles, Sun position

and ground reflection (see Tab.2). Thcse conditions
represent the filst six pLrrely absorbing test cases em¡lloycd

for the shortwave conrputations ol'thc ICRCCM prograrrt

(Fouquart et al., l99l). For these six cases, shortwave

radiative tlansfèr is assunred to depend only on Sun

position, on water vapor absolption, and on ground

reflection of the direct beanr.

Tab. 3 corrrpares be nchnrark rcsults published in recent

years fbr a same ICRCCM shortwave case, displaying the

respective spectral range ovcr which the absor¡rtion by watcr

vapor was takcn into accoulrt, as well as thc conrpilatiorr

which was ado¡rted t'or absorption line paranreters. The to-

tal atmospheric absorption is defrned as (Fouquart et al.,

r99r):

Âbsorption ol'Solar Iìacliation hy Watcl Vapor irr thc Atniosphcrc - l)¿u't I

ABS = (8i,,, - 81,,.,¡ - 1ni,,,, - El.,), (t8)

where [i and Eî denote downward ancl upward irradiances,

wlrereas E.u,.,and á.,,,, indicatc irradiances at the top of the

atnrosphere ('lOA) and at the gq¡lace, respectively. ln

Tab.3, r'esults labeled l,BLl and LBL2 correspond to

¡rrcvioLrs versions of Chou (1992) and Ranraswamy &
Freiclenrcich ( I 992) calculations; the dif'l'crenccs between

thcir rcspcctivc AIIS cstinlates wcrc attributed by

lìarnaswanry & Frcidenrcich ( 199 l) to thc ne-r¡lect of water

vapor absorption in thrce spcctral intervals (0- I 000, I 000-

2600, and l4-500-18000 cm-r) when LBLI rcsults were

obtained. 'l'hus, the influence of'thc spectral range nray

reach 6 W/nr2, although a liaction of this discrcpancy could

bc associated to intrinsic ditferenccs between the line-by-

line ladiative codes. The influence of the line parameters

conpilation (around 1.7 W/mr) rray be assessed by

conrparing tlrc rcsults labelecl l-BL I ancl Chou ( 1992). On

tlrc other hand, the diflcrence between resLllts labcled Chou

(1992) and [:onrin ct al. (l9t)3) indicates the inf]uencc of
tlrc radiativc cocle, arouncl 0.7 W/n12, once the same line

paraureters compilation and the saure spectral lange were

adopted. Discrc¡rancies bctween ABS estimates provided

by dif fcrent sources would depend on Sun zenith anglc as

case I casc 2 casc 3 case 4 casc 5 c¿rsc 6

(a)

Fouquart et al. ( l99l) - LBLI t014.2 286.2 999.3 281 .0 t089.5 313.1

Fouquart et al, ( l99l) - LBL2 1009.7 283.e 993. I 271.9 108s.0 312.0

Lacis & Hanserr (1974) + 18.8 + 7.1 + 20.4 + 7.8 + l0.l | 3.6

Davies (1982) + 19.4 + 7.2 + 19.8 -r-8.4 + 9.3 + 4.2

Briegleb (1992) + 1.fl + 4.7 + 9.4 + -5.8 + 2.6 + 1.0

Rarrraswaury & Freidenreich ( I 992) + 2.9 -il.l f J.J + 1.3 - 0.5 - 0.5

Chou & Lee (1996) ) 7.1 r 3.8 F 8.6 + 4.5 + 4.2 -r 1.5

Table 4 - (a) Downward shortwave irradiance at the surface

values for ICRCCM cases I to 6 (see Tab.2), obtained

through two line-by-line radiative codes. (b) Absolute

deviations witlr respect to the LBL2 results, due to the

selected schemes fbr obtaining water vapor broadband

absorptances. Values ale expressed in W/mz.

(b)

Tuhelu 4 - (u) l/ulrtra:s tlu irrudi¿tnciu solur dcscandente ìt

str¡tclícic ¡turu os cusos I u 6 tlt¡ progrqn,u ICRCCA4 (vcr

Tu b. 2 ), t¡hl itlt¡s u¡t I i cunclo-sc tloi.t cótl i gos rct¿l i u! ivt¡s cu-

¡tuzcs rle let,ur cnt conlu o im¡tctclo isoludo dc cudu linha
clc ubsorção, (b) De,svios ub:;olutos cm rclução aos re.çul-

laclo.s ol¡lidos conr o código LBL2, rcf ercnlas d ou!ros as-

qucmus puru ut,uliuç[ío tlu ul'¡sorltînciu solqr clcvidq qo

vct¡xtr tl'tiguu, l/ulores cxpressos ant W/nt:.

ll,avistrt llrusilt:iru de (ìat¡/ísit'a, l''ol. l5(3), 1997



well as on atmospheric water vapor content. A tnore
comprehensive discussion about these influences o¡t

benchmark results could be possible only after a conrparison

among estirrrates obtained under other conditions. Anyway,

the influence of the spectral range seems to be more

important than those associated to the line paratneters

compilation or to the line-by-line radiative code.

Tabs. 4 and 5 compare benchmark results cornpiled

by Fouquart et al. (1991) with respective fìgures resulting

from the application of selected schelnes for obtaining water

vapor broadband absorptances. Downward and upward

shortwave irradiances were obtained by running ntodified

versions of the radiative code developed by Davies ( 1982),

every one corresponding to a selected scheme. In these

versions, ozone absorption and rnolecular scattering were

discarded in order to provide results consistent with the

ICRCCM shortwave cases I to 6, whereas direct beanl

reflection at the ground level was retained as in the origi-
nal version, that is, following a nolt-Lantbertian behavior
(see Chagas & Tarasova, I 996, for a detailed description).

The solar constant Eo was assunted equal to 1367 'W lt'n2, a

very close value to those provided by recent spacecraft

observations (e.g.: Mecherikunnel, 1996). In both tables,

discrepancies lretween lesults labeled LBL I and LBL2 are

consistently positive, being associated mainly to the

A. I)lana-|'attt'rri, Il. I'}. clc Souza & .1. C. S. Chagas 283

differences existing in the spectral range taken into account
for water vapor absorption (Ramaswamy & Freidenreich,
l99l). Results labeled LBL2 are adopted as reference in
these tables because they correspond to a larger spectral
range (see Tab.3).

Tab. 4 displays downward shortwave irradiance at the
ground values which depend on Sun position and on water
vapor absorption only. Absolute deviations due to the

scheme of Ramaswamy & Freidenreich ( 1992) with respect

to the LBL2 results are very low because this one was

developed from calculations performed essentially with the

sanre line-by-line radiative code which provided LBL2
results. Absolute deviations due to the schemes of Briegleb
(1992) arrd of Chou & Lee (1996) have very similar mag-

nitude (discrepancies below 1.5 W/m2), despite of a number

of differences existing between these schemes. Such

differences involve not only the spectral range covered and

the own line-by-line radiative code ernployed, but also the

scaling approach adopted. Absolute deviations due to the

sclrernes of Lacis & Hansen (1974) and of Davies (19S2)

have also sinrilar rnagnitude (discrepancies below 1.0 W/
nr2 between them), once both schemes were developed from
the set of calculations provided by Yamamoto ( I 962). The

discrepancies between LBL2 results and those furnished
by the latter schemes are around two times more important

case I case 2 case 3 case 4 case 5 case 6

(a)

(b)

Fouquart et al. (1991) - LBLI 172.4 67.t t 87.8 72.3 94.s 39.3

Fouquart et al. ( l99l) - LBL2 t78.2 69.6 t95.4 7 5,1 99.7 4t.t

Lacis & Hansen (1974) - t6.4 - 4.8 - r8.3 - 5.3 - 6,4 - 1.4

Davies (1982) - 16.8 -5 - t7.9 - 6.2 - 6.0 - 2.0

Briegleb (1992) - 5.7 - 2.6 - 7.7 - 3.6 + 1.4 + 1.2

Ramaswarny & Freidenreich (1992) 0 + 1.4 - 0.7 + t.3 + 4,5 + 2.8

Chou & Lee (1996) - 5.3 - t.6 - 6.6 - 2.3 - 0.4 + 0.7

(zcro clcnotc absolutc dcviation rvhosc rnagnitudc is lowcr than 0.05 W/rnr)

Table 5 - (a) Total atmospheric absorption values for
ICRCCM cases I to 6 (see Tab.2), obtained through two
line-by-line radiative codes. (b) Absolute deviations with
respect to the LBL2 results, due to the selected schemes

for obtaining water vapor broadband absorptances. Values

are expressed in W/m2.

Tuhelu 5 - (a) Valores da absorção atmosférica total para os

casos I a 6 do programq ICRCCM (ver Tab.2), obtidos apli-
cqndo-se dois códigos radiativos capazes de levar em conta o

impaclo isolqdo de cqde linha de absorção. (b) Desvios ab-

solutos em relaçäo aos resuhados obtidos com o código LBL2,

re/ërentes a outros esquemas para avaliação da absortdncia
solar devida ao vapor d'água. Vqlores expressos em I4/m2.
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than those associated to relatively nrodern scheures
(Briegleb, 1992; and ChoLr & Lee, 1996). This fact seenrs

to indicate that atmospheric water vapor absorption
estimates can be wrong if entirely based upon old absorption

data. According to the results shown in Tab.4, such

systematic deviations would increase with the water vapor

content and would decrease with the Sun zenith angle.

Moreover, these deviations are beyond the accuracy level

required for flux calculations in the scope of sonte clinlate
prograrns, + l0 W/m2 (Ellingson & Fouquart, l99l).

Tab. 5 displays total atmospheric absorption values

which depend not only on Sun position and water vapor

absorption but also on ground reflection. If ground
reflection had been assumed to be null, the al¡solute

deviations shown in this table would have the sanre magni-

tude of those presented in Tab.4 . The signals of respective

figures in these tables are generally opposite, because a

decrease in downward irradiances (e.g., fì'om a given

schenre to another') rnealls an increase in water vapor

absorption which nlost tirles is fbllowed by an increase in

total atrnospheric absorption values, nleasured in W/nl2 and

obtained through Eq.( I 8). Respective fìgures resulting fionr
some schenres carl assul.ue same signal and low magnitr.rde

in both schemes r.rnder very particular conditions of Sun

position and water vapor content. Results displayed in Tab.5

would emphasize solne preliminary conclusions reached

above from Tab.4, nanlely: (a) the occurrence of irn¡tortant

systematic errors resulting fiorrr the application of the

sclremes of Lacis & Hansen (1974) and of Davies ( 1982),

and (b) the close agreentent lretwcen the scheures proposed

by Briegleb (1992) and by Chou & Lce (1996). Further, it
is sornewhat surprising to note that these latter schenles

enable, under relatively dry conditions (cases 5 and 6), to-

tal attnospheric absorption estintates which are in lretter

agreernerlt with LBL2 results than those obtained by

applying the own schenre of Ratnaswalny & Freidenreich

(1992). Such a result could in principle be explained by a

certain counterbalance between departures respective to

downward and upward irradiances, once the fact is not

observed for downward irradiances at the surface (see

Tab.4).

The relative accuracy of selected schemes fbr
obtaining water vapor broadband absorptances was

discussed above fì'ont the analysis of radiative quantities

respective to the entire atmosphere, namely the downward
irradiance at the bottorrr of the coluntn and the total absorbed

Âtrsorption of'Solar tìadiation by Watcr Vapor in thc Âtnrosplrcrc - l,art I

irradiance in the colunrn. The vertical distribution of suclr

absorption rnay be presented in terrrrs of radiative heating

rates, defined as (Liou, I 992, p. I 08):

dr(p)__ét dEr(p)__s rl

dt ,' t, ctp c' ,,' tl¡t
(n'<p¡- ¿t(p)),(rs) ]

where clT(p)lttt would be the time variation of the air
tenlperature at the plessure level p ifonly radiative proces-

ses were present, c', indicates the specific heat at constant

pressure and ðrQr) denotes the net shortwave irradiance.

Fig. I courpares heating rates fbr the ICRCCM
sltortwave cases 3 and 4, resulting fì'om downward and

upward shortwave irradiances provided by modified
versions of the radiative code developed by Davies ( 1982),

every one corresponding to a selected schenre fbr obtaining

water vapor broadband absorptances. Profìles obtained by

applying the schenles proposed lry Ranraswamy &
Irreidenreich (1992), by Briegleb (1992) and by Chou &
Lee (1996) agree relatively well (deviations of around or

less than 0.I K/day) with the respective line-by-line
calculations perf'ormed by those authors. Heating rates

decrease as the Sun nloves away fionl the zenith nrainly

because the downward shortwave irradiance available to

the atmospheric absorption reduces by a fàctor equal to the

cosine of the Sun zenith angle.

Irig. I shows that thc schelne ploposed by Briegleb

seenls to be the uniquc one which enables realistic,
unvanishing heating rates above 50 hPa when compared

against benchnlark results (sce Fig.3 of Rarnaswarny &
Freidenreich (1992),Irig.4 of Briegleb (1992) or yet Fig.3

of Chou & Lee ( 1996)). 1-his fact is associated to the scaling

approach adopted. The modified pressure-weighted path

proposed by Bricgleb (1992) (see Eq.(10)) was conceived

specifìcally fbr retrieving the basic fèatures exhibited by

benchnrark results in the stratosphere, irr contrast, scaling

flnctions like those given by Eqs.(9) and ( I l) vanish wherr

the pressure vanishes. The scherle proposed by
Rarnaswarny & Freidenreich (1992) provides radiative
heatings which in the lower troposphere are sotnewhat
greater than those obtained by applying the schemes of
Briegleb (1992) and of Chou & Lee (1996), because

different spectral ranges fbr water vapor absorption were

assunred in the development of these scheures fi'om line-

by-line calculations (see Tab. l). The schernes proposed by

Lacis & Hansen (1974) and by Davies (1982) allow very

llevi¡^ttt llrusileirq da (ìcolísic'cr, I'ol. l5(-ì), 1997
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Figure I - Radiative heating lates f-or ICRCCM cases 3

and 4 (see'fab.2), resultirrg fì'om the application of selected

schenres f'or obtaining water vapor broadband absorptances

(LH: Lacis & llansen, 1914: D: Davies, 1982; RF:

Ranraswamy & Freidenreicl"t, 1992' Briegleb, 1992; and

CL: Chou & Lee, 1996).

sirnilar heating rate profiles above 300 hPa, although

exhibiting sorne bias when compared with respective figu-

res provided by the three other schenres. The agrcement

between the results labeled Lacis & Hansen (1974) and

Davies (1982) above 300 hPa can bc explained by the

colÌrrnon oligin of both schernes (Yamanroto, 1962). Below

300 hPa, results labeled Davies show an oscillating fbature

sirnilar to that reported by Chou & Lee ( I996), associated

to a low value f'or N in Eq.(5).

The scheme proposed by Chou & Lee ( I 996) is
hereafter adopted as reference for assessing the relative

accuracy associated to the other schenres here conrpared.

The choice of this schenle is nlotivated by its developrnent

from a recent conrpilation of absorption line paranreters

(HITRAN 1992 - Rothnran et al., 1992), together with the

adoption of a scaling approach which present sotne

Â. l'lana-lfattori. lì. I'. clc Souza & .1. U. S. Clhagas 285

I;igura I - Tuxus de uqrtccinrcnto rqtliulivo purq os cusos

3 c 4 tlo ¡trogrqmu ICRCCM (var Tub.2), obtidas uplicun-
tkt-sa ttifbrcntes c:;qucmes puru avuliuç[ío de ubsortancia

solur ctevidu uor)upor d'tigucr (LI-l: Luci.s & Hansen, 1974;

D; Duvies, 1982; RF Ruttrctstvanty & Freidenreich, 1992;

Brieglcb, I 992; c CL: Chou & Lcc, 1996).

conceptual advantages with respect to other schemes (Chou

& Arking, l98l). Such a choice is sorrrewhat arbitrary yet

either the scheme of Briegleb (1992) or that of Rarnaswamy

& Fleidenreich (1992) could in principle be chosen, the

fìrst by its reliability throughout the stratosplrere, the latter

by its wider spectral range for water vapor absorption.

Fig. 2 displays absolute deviations in heating rates witlr

respect to the results provided.by the scheme of Chou &
Lee (1996), corresponding to the four other schemes

cornpared here. ICRCCM shortwave cases l, 3 and 5

correspond to a Sun zenith angle of30", whereas the cases

2,4 and 6 correspond to an angle of 75". ln a similar way

to the behavior exhibited by the own heating rates (see

Fig. I ), absolute deviations decrease for an increase in Sun

zenith angle.

Absolute deviations associated to the schenre proposed

ll.cvisttt Brosileiru de (ìaoJísicu, I\tl. l5(3), 1997
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ICRCCM shortwave case 1 ICRCCM shortwave case 2
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Figure 2 - Absolute deviations in heating rates with respect to

the results provided by the schenre of Chou & Lee ( 1996), f-or

ICRCCM cases I to 6 (see Tab.2), due to the other schetrres

for obtaining water vapor broadband absorptances. Labels LH,

D, RF, and B are the sanle ones errrployed in Fig. I .
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Fi¡¡ara 2 - Desvios absolutr,¡s, ct,t lqxas de ue¡uecintento,

nte¿lidos u pur!ir clt¡.s resultudos obticlos aplicando-se o es-

qucmq tlc Chou <Q Lce (1996) e relerentes a oulros esclue-

ntds pare uvuliução du absortûncia :;olar devida ao vctpor

tl'úgtru, poru os cctsos I u 6 clo programa ICRCCM (ver

Tuh.2), Siglus LH, D, RF c B cmpregaclus como nu Fig. I .

by Rauraswaury & Fleidenreich (1992) can reach +0.15

K/day in the lower troposphere under l'elatively ntoist

conditions (case 3), being such a bias could be at least

partially explained by the spectral ranges considered fbr

the developnrent of this scheme and that of Chou & Lee

(1996) (see Tab.l). Absolute deviations associated to the

sclrenre proposed by Briegleb (1992) can reach -0.2Klday

in uppertroposphele (case l) and +0. I K/day in stratosphere

(cases 1,3, and 5), mainly due to the difÍerences between

the scaling approaches adopted together with this sche nle

and that of ChoLr & Lee (1996). Absolute deviations

associated to the schemes proposed by Lacis & Hansen

(1974) and by Davies (1982) are negative above 300 hPa,

reaching -0.5 K/day under relatively moist conditions (ca-

ses I and 3). Below that level, both schenres (and mainly

that proposed by Davies) allow absolute deviations irt

heating rates which exhibit an oscillating fèature aroutrd a

negative valLre làlling between -0.05 and -0.1 K/day. This

f'eature is artif rcially produced by the sLrbtraction between

two heating rate ¡rrofìlcs, one of thetrr presenting its owrt

oscillating fèature. Sensitivity tests have shown that the

arnplitude of the oscillations superimposed on heating rate

profìles decreases wlren the value of N enrployed in Eq.(5)

is increased (Chou & Lee, 1996). Absolute deviations

associated to the schenres ploposed by Rarrraswarrry &
Freidenreich (1992) and by Briegleb (1992) present also

vertical profrles sorrrewlrat oscillating, but they are not so

well-defined.

SUMMARY AND CONCLUSIONS

In order to infèr the accuracy ofwater vapor broadband

absorptances estilnates as rnade at present in Brazilian

centers of research and nurnerical weather forecasting, the

sclremes proposed by Lacis & Hansen (1974) and by Davies

( 1982) were submitted to a series of cornparisons performed

under standard conditions, rlrore specifically the first six

shortwave cases of the program ICRCCM (Ellingson &

Fouquart, l99l). Their structure and cornmon origin were

discr¡ssed, enabling a nrore complete analysis of their

limitations. Such a discussion as well as our results can in

principle be of interest to everyone involved with climatic
projections based upon general circulation models which

enrploy these same schemes. That is the case of models

nrnning at the Bureau of Meteorology Research Centre

(Melbourne, Australia), at the Geophysical Fluid Dynamics

Laboratory (Princeton, New Jersey, USA), at the Goddard

Institute fbr Space Sciences (New York, USA), at the Japan

Meteorological Agency (Tokyo), and at the National

Meteolological Center (Washington, USA), anrong other

institLrtions (Gates, 1992).

The reliability of the schenre proposed by Lacis &
I-lansen (1974) can be considered low, as shown in this

study fi'om different cornparisons with benchmark results

(line-by-line calculations) as well as with respective

evaluations provided by relatively nrodern schemes

(Ramaswamy & Freidenreich, 1992; Briegleb, 19921, and

ChoLr & Lee, 1996). Such low reliability has been related

by several authors (Stephens, 1984; Kratz & Cess, 1 985;

Clrou, 1986; Ranraswamy & Freidenreich, 1992) to the

lirnits of applicability of the fìt proposed by Lacis & Hansen

(1974), or to the unsuitability of the extrapolation criteria

adopted by Yamarnoto (1962) to estinrate absorptances

beyond experirrrental conditions. In our opinion, the low

reliability of that scheme can at least partially be associated

to the unsuitability of the contributions resulting from Fowle

(1915) for the conrputation of radiative heating rates

(Roach, l96l), and to the questionable reliability of the

rneasurenlents pert'orrned by Howard et al. (Yamanouchi

& Tanaka, 1985). The sarne remarks apply also to the

schenre proposed by Davies ( I 982), being that this one can

provide radiative heating rate profiles associated to an

oscillating, non-physical feature throughout the

tloposphere. Under relatively moist conditions (atmosphere

rlodels: Tropical and Mid-Latitude Summer), the deviations

associated to both schemes afï'ecting downward irradiances

at the surf'ace and total atmospheric absorption vah¡es can

ll.cvista lJrasilcirtt tlc Ge o./isicu, Vol. I 5(3), 1997



28ti

ASSulne figurcs bcyond tltc accuracy lcvcl rcqui rcd fior flux
calculations in thc scopc of soure clirnatc programs, + l0
Wrn'? (Ellingson & Fouquart. 199l). Furthcr, radiativc
hcating ratcs obtained through thcsc schcmcs arc
signifìcatively underestilìratcd in thc Lrppcr troposphcrc and

throughout thc stratosphcrc rvith rcspcct lo morc rcliablc
estiurates.

The schcmcs proposcd by Lacis & Hanscn ( 1 974) and

by Davics (l9tì2) cu¿blc undercslinatcs for thc wâtcr \,¿ì-

por absorptiou of solar radiation in thc atmosphcrc, and

ovcrestimatcs for thc available slìortwavc radiation at lhc
surface. The cncrgv budgct at ncighbouring lcvcls may bc

af'fcctcd, allolving at lcast a ccrtain iurplct on boundary-

laycr proccsscs as wcl¡ as on thcrmodynarnic slability
featurcs ofthc lorvcr troposphcrc. Thc ovcrall influcncc on

scveral mctcorological fields is discusscd in lhc compauiou

articlc (Souza ct al.. l99tl, lhis issuc).
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ABSORÇÃO NN RADIAÇÃO SOTAR POR VAPOR D'ÁGUA NA ATMOSFERA.
PARTE I: UMA COMPARAÇÃO ENTRE PARAMETRTZAÇÕBS E

RESULTADOS DB REFENNNCTN

Este artigo analisa diversos aspcctos rclaciona-

dos à avaliação dos ef'eitos da absorção de ladiação

solar pelo vapol d'água na atutosf'era, particularnrente

quando efètuada através de esqr.re mas (parante-

trizações) que se.jam acurados c cotlì baixo custo

cotnputacional. Estes írltimos dois aspectos são per-

tinentes no contexto do emprego de ntodelos atntos-

féricos para a obtenção de previsões ckr lenrpo e dc

pro.jeções clinláticas. Aterrçào especilrl i' clcdie ¿rda ao

esquema proposto por Lacis & Hanscn ( lc)7-l), dado

que ele encontra-se incluído enr códigos r.acliativos

de modelos atrrrosféricos enrpregados em dif'erentes

instituições brasileiras. A análise das diversas etapas

do desenvolvirlento daquele esquenta perrrrite a iden-

tificação dc aspectos que têrn sido até aqui rnenos-

prezados na literatura quanto à origem de sua linlita-

da confiabilidadc. No intLrito de se quantificar erros

sistemáticos, conrparações são e fetuadas fì'ente a re-

sultados disponíveis na literatura e obticlos empre-

gando-se códigos radiativos capazcs de levar et.ìl conta

o inrpacto isolado de cada linha de absorção, daí sua

denominação "códigos linha-a-linha". Estas compa-

raçõcs consideranl apenas condições atntosféricas

hipotéticas estabclecidas no ânlbito do programa

ICRCC M (I tt I c t'cottt ¡tu t' i s t¡ n ú lLu tl i u t i t¡ n C t¡cl cs us ctl

in Clintuta lVlotlals), e incluelrr esquentas de desen-

volvimento ntais rccente - Briegleb (1992),

Ramaswarly & Freidenreich (1992) e Chou & Lee

(1996). A dispcrsão cntre l.esultados obtidos cortr

cstes três esquenlas tenl a lltestlta ordell dc grandeza

que a difèrença enl rclação a resultados f-or.necidos

por códigos "linha-a-linha". O nlcsmo.já não ocorre

col.r.ì os cscluenlas propostos por Lacis & Hanselt

(1974) c ¡ror Davics ( 1982), incluídos rcspectivanrcn-

tc no nlodelo atntoslërico lcgional RAMS (Piclke et

al., 1992), c no rnodelo de circulação geral CPTEC/

COLA; estes dois esquentas proporciorrarìl tltenos

absorção atnrosférica, e portanto nraiores valorcs para

a irradiância solar incidente à superfície do solo,

quando contparados aos rcsultados fbrnccidos por.

códigos "linha-a-li¡rha". A ordenl dc grandeza de tais

crros sistc¡náticos (ern alguns casos cnl torno de 20

W/nt2) rnotiva cstudos de sensibilidade corno aque-

les apresentados na Parte I I.

PUBLICACIÓN DB INFORMACIONBS INSTITUCIONALES

Para publicación de infbrmaciones sobre actividades de Geofìsica en su institución, en la
sección "ANÁLISES/RELATÓRIOS" de la Revista Brasileira de Geofísica, por favor
enviar una copia del artículo en papel y en disquete, contiendo títulos y resúlnenes em
portugués o castellano y en inglés. El artículo no podrá exceder cuatro páginas de la
Revista, incluyendo ilustraciones y referencias.
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