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moisture, c) annual and diurnal cycles of sunlight, d) finer zoning in stratosphere, e) Langrangian

transport of aerosols, and f) improved 3-D transport scheme for chemical species,

The model results for the unperturbed atmosphere havv also Imf’n wdidatml agail]st the l(Jng-

tcrm climate analyzed by ECMWF ( l?uro~ean (.’olltcr for Mcdil.lm- Ratlg(? \V( athrr F(jr~l~ii~[ ). The

model history tape for a summertime condition has providlwl mcteorologic,al con(iitions to the

P!NL’s (Pacific Northwest Laboratory) (;lobal (,’h(vllist ry !Iodcl to evaluate the rnle of fair woat hrr

cumulus clouds in the lortg-range transport and clwmistry of m~!thatle ( llerkowitz tt (Ii., I!)X!I).

The complete photochcmical systcm in th~~ SIratospher~ inrludos suv(’ral doz~’n traro spcril’s

,and hundreds of photochemica.1 prorrsses. our :~.ppr~ii~h toward simplifying th~ photochrmiral r-al-

culiitions utilizes a “family” scheme (o,g., s{” ‘1’urro and JVhittwl, 1977) in which the kq rhcmical

constituents are organized into grollps that have rf’liitiv(’ly short intvr-spucios C(luilil)rali[)ll I inlcs

(compared to the computational time stops usd in thv G( ‘Xl). W’ithin a fanlily, the wrist it 11011[

members can thUS bc asslllll(!d 10 rOilCll il llllilsi-l’f]ll ilil~ril:lll stilt{’ {Ir to llilVV simplt’ tilll(*-flrIJf”ll(l(*llt

Iwhaviors that are amenable to allalytiral rq)rosonl at i{m. 011 1IIC 01 h(’r hand. thr family ilsolf is

wluctcd to llill’C ,a ]Ill(lll)cll[’tlli(.itl Iilllo r{msl ant I Il:it is ll~ngor I Ililll (or t’{[lli~id(’llt to) I II(’ r(JllllJll-

lal ional lilll(’ stt’p. ‘1’hc f:unilics alltl slwi(ls r(~nsid(’rml tir~’ sllllllllarizwl ill l.ill)ll’ 1, ‘1.111’wwllt iil.1

photochornical procwws and rates aw ad(~ptml fr~)tli lh’~lim’ I / (// ( ]!)~~) :Illd “1’llr[.tl ( l!)~fi). ‘1.hl’

prvscnt rhrmistry wt Constitlltm illl inili;d rt’l)r~’sf’lllillil~ll for 1110*l~rillcii)al almfwplu’rir rhvnlical

f;lr]lili(~s,

‘1’11~’fllll(lillll~’llt ill l’~lllillit)ll S Illill flvlvrtllinr 1111’Iilllll Itvldlltit]ll t)l 1114*f;ltllily {U{)tl((llllriltilllls

(“;III Iw (Ivrivwl fr~)lll III(* CIIIIII)IP141 wIl of I)llt)ltlt.111’tllit.;ll [’f)tllillllilv {vlll;llif)lls I)y I)l;lhillg higtlili

caIIt, sitllplifi(’al ions. 1,’~woxanlpl~l, rl~acli(~lls of slv.ftllll;lry itlll~~tlliltltt’ ill (i)lllrtillill~ 1111*~’ll!$lllical

Ir;illsf(jrlll;lfitlti (prf}tlllcli(m ;Iml Iflss) r~llw of” fil:llilit~~ ;III~ II II I; II LI!I’11: IIIW itlll)f)rl;llll I,llllilil)h itl

\l r;llt)sl)hort, (1*.~,, sll]fllr IfII IIl)IIIIIII15) .IVII (Illlil III II; iItIIl IItlllil)llil) f{ltl,lfitlll+ I’t)r ill[livi{lllill I’.lltlil)
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lb assure ourselves that the “family” photochemical scher-m is uumcrically stable and compu-

t ationally feasible, the photochemical scheme described abcxe ha-s been implemented in the LAN L

GCM to test the effects of NO, deposited by nuclear fireballs on azone depletion under a post-

WM condition by Ka.cr et al., 1989. In essence, the large amount of instantaneous injection of NO

during the e~plosioils rapidly converts into SCI which, in turn, produces a large amount of S205

itnd HN03. N205 is later involved with the transfer of 3’0 ~, and 1[.N03 cafi be photodissociated

into 1101 Iloth NO, and HO. can react with odd-oxygen family members to deplete ozone. The

net results on ozone abundance arc illustrated in Figs. 1 and 2. During this highly nonlinear

process. the illodified circulation due to the solar hcatirrg Of smoke contributes to push t hr Xox

rapidly upward into the Icvcls where the m:uinlum ozone concentration resides. The hoxt ing of

the stratosphere by rising smoke also speeds up scvmd catalytic r-hvmica.l reactions, Furthvrmorp.

!I]is cl~ell~icd/dyllalIlicd model is run with an “outline’” fusion so that the diurnal ryrlc of tlw

slllllight assor!atcd with photodiss(~ci atiotl is fu!ly il:ll)l(”!ll(’lltt’(1 and the [’ffwts of ozono abundanre

(m the rndiative transfer can k included, In contrast, most of the c:; isting mmicl arc run in an

““t]fr-litlo”” f,ishion in which the clwmical IIIodIIlv is {Irivm hy vilhvr I IIV allalyzul (Iata of wiII~ls anrf

l,,lll~mratllro ~lr th(~ (Iata set gf~nvralmi from a ( ;( ‘\l.

:1



TABLE 1. PHOTOCHEMICAL CONSTITUENTS

Active Tracer Fixed/Source

Family Species Species Species

Odd-Oxygen

(Om)

Nitrogen

Oxides

(Nox)

Dinitrogen

Pento.:ide

Nitric Acid

W’ater Vapor

Hydrogen

Radicals

(110. )

Ilydrogen

Poroxidc
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so, S02, S03 X()= s2/s20
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Figure Captions

Fig. 1. (al Initial zonal-averaged ozone concentrations iu units of molecules cm-3. The contour Iincs
are scaled by 10-10, (b) the same as (a) cxccpt at 20 days after the iuitial condition. TIM decreased
concentrations in the Northern Hemisphere are due to both the chemical reactions associated with
XOX and the transport mechanism aasociatcd with the heating anomalies due to the absorp).ion
of sunlight by smoke. The incrcaaed conccntrilticms in the %mthcrn lIcmispherc are due to the
transport.

Fig. 2. (a) Initial ozone column number density in units of mrdcculcg cnl-2. The contour llnm are
scaled by 1 x 10-la, (b) the san]~ is (a) except at 20 days after the initial condition. ‘I%e readers

are referred to the caption of Fig. 1.
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