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Abstract

h40st of the radiative transfer algorithms used in global climate models (GCMS) unclcresti-

~natc the amount of solar radiatio]l absorbed it] cloudy atmos]hcres by u}) to 25 W m- 2. ~l]is
cloucl absoq)tion anomaly con]lmonliscs our u~ldcrsta]ldillg of the role of clouds in the climate
systmn. WTcused a s~)cctru]]l-rcsolvi]~g (line-by -lim) ~nultiplc scattcxillg mode] to provide a more

co]nlmhcmsive clwmiption of the solar radiative forcing of the Earth’s atmosphcm. 3’llcsc cal-
culations have rcwcalccl threw cmstitue]lts whose absorption is usually Illlclcrcstil!latecl in cloudy
conditions. Errors and o\’ersiIll~)lificatic)Ils in the treatment of water vapor can account, for about
half of the cloud absorption anomaly. II;VCIIthough lnost GCM radiative transfer algorithms can
accurately dcscrilm the water va])or absorption in clear skim, they oftcm undcmstimatc the ab-
sor])t,ioll by this gas within clouds by (i) using the same back. groutld (unsaturated) water vapor

mixing ratios both inside and outside of clouds, and (ii) nc.glcxting the near-infrared water vapor
colltlilalum ahsorptio]] ~moduccd by tlie far wi]lgs of water vapor lilm. ‘IYol)osldmic acroso]s

arc the scmIId constituent W11OSCabsoq)tion is routinciy undmmtimatcd in global climate mocl-
CIS. lI;VCII thouglI aerosols c:IIIbcddcxl within clouds al)sorb little su~llight, small nuInbcm c)f
~~~cakly-al)sorl)i]lg aerosol ])articlcs (10 to 200 ~mr cubic cmtimcter) can producw surlmisingly
stro]lg absorption when tllcy are distributed at lCWCISabove the CIOUC1tops. This absorptio]l

is cml~a]]ced in cloudy skies where the acmsols absorb both the incoII]ing solar bea]n and the
u])wc]ling solar radiation that, is diffusely rcflcxtec] by the C1OUC1tops. ‘Their absorptio~l il]crcasm
with increasing aerosol al)scq)tioll o})tical dq)th a~]cl illcmasi]lg cloucl allmdo. ~lm ulm’ellillg
radiation that is scattcmd il]t,o the largest cnnission angles is absorbcxl most strongly Imausc it
Inust travcwsc loIIg olhical ~)ath lcIIgtlIs 011its way out of the atmosplmrc. In acldition, uulikc wa-
ter valmr and otllcr almrlmrs cl IIlmldcd wit]]il] clouds, q)tically-tllill aerosols above the cloud
tops can produce mlha]lcecl ahsorptio]l evcII at very large solar zcnit]l angles. ]n the global an-
]Illal average, rqejimls ocxm])icd hy ol]tically-tl]ick low clouds and ~lIliforI~lly-I[]ixccl acrosc)ls with
colulllll-i]ltcgratecl visib]c o~)tical clq)tlui between 0.1 ancl 0.2 will absc~rh bctwcwn 3 ancl 8 W
Ill- 2 more than cquivakmt clear sky regions. ‘J’his absorption cmhancm the solar heating ratcx
by 0.1 to 0.2 K ~m clay (1O to 20%) at lCWCISabove the C1OUC1tops. Aerosol-ladcm atmospheres
with ovcrlal)pi]lg low ant] xniddlc C1OUC1decks caTl absorb up to twice this much solar radiat-
ion. l’lw final constitucnlt tllai contributes cudlanccd absorl)tion in C1OUC1y skies is stratosphmic
07,01i(:. The vmak Chappuis La]ld ccntmwd ~lcar 0.6 micrcnls ccn]tributcs }ittlc to tl]c absorption
in clear skim, l)ut, like tllc tropos])llcric aerosols, this l)a~lcl ahscwbs both tlm incomitl.g a~ld
rcflcctcd solar radiation in cloucly atnlos~Jlcrcs. l’his absorber cmhancm the: absorption] by oIIly

about, 3 W m--2 in clcmcly skies, but it i~lcreascs the stratosplmric heating rates by about 0.5 K
day- ] (43%) i*, tlm glolm-a*,llual average. T’alwn together, these cnhancwtncmts in water vapor,
aerosol, and ozone absorptio~i in cloudy atraosphcnm caIl account for much, if not all of cloud

absorption anomaly.
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