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The number deruity of .. tmaspheric minor corut ituenu is ch&racteriud by luge tempoal Uld spatial 
variability. In the case of long-lived speci ... IUch u the "soure. gases" (r;lO, CH., the chlorofiuorouI· 
bona, etc .). tr&n5port proct!S1e4 m&y account for much of this vari .. bility. In the c""'" of fut-reacting 
Ipec it!S IUch u chemical ro.dicw (OE, HO l , 0, r;o , CI. etc .), a luge fraction of the variability is 
produced by the diurnal t.nd aeuoo&1 variation of the solu insol&tion. However , u these adicili ue 
USU&lly produced by chemicaJ or photochemicaJ decompasition of long-l ived Ipecies, theiI distribution is 
also indiIectly controlied oy tr&ruport proct!S5eS. FinLlly, in the c...., of species whoae chemicaJ lifetime is 
approx im&tely equal to the trLlUlport chu...:ter;'tic time of the atmoephere (orone Uld nitric acid in the 
middle Itratoephere, terr:pon.ry re~rvoin such ... HOl~Ol . CIONO l , HO CI in given aJtitude rt.nges ). 
chemistry Uld dynamics pl&y an equ&lly importUlt role. 

With the meuurement . over & significUlt period of time Uld over & wide sp .. ti&1 r&nge, of & number 
of trace specit!S concentnt ioru, it h ... become poesible to produce c1im&tological distributions of t b~e 

compounca Uld even . for some of them, to infer reli&ble empiricaJ models . As m06t of tbese models res ult 
from &venging a luge number of ob~rv&tioru , they may be compared to theoretical models which intend 
to simulue glob&l aHage conditions by solying the conservo.tion equ&tioru bued on chemicaJ. r&di&t ive 
Uld dynamic&l considerations. Such compuoon aJlow5 the nlidation of both observo.tional d&ta &nd 
theoreticaJ c&lcul&tions. Moreover . such study le&ca to & better undent&nding of the b ... ic processes 
which control the oboerved diBtribut iolU &nd to the identification of inconsiott.Ilcies between theor), a.nd 
obaervations . 

Ide&lly. in order to inves t igate aJI proct!Sses involved, a comparison between theory &nd observ&tioru r~ 
quin. on tbe one hUld IIl " ltidimeruional modet. and on the other hand at moo ph eric data seta covering th. 
entiIe earth. However. be<:&use the d&ta av&il .. ble ue limited &nd accurate multidimensional tr&ru port 
schemes ue compuationally ucperuive and difficult to achieve. "first order" valid&tion of the currently 
known chemic&l processes in the struasphere can be bued on .impier one-dimensionaJ caJcul&tioru . 

The pur-VOIle of thio .hort pal'er i.a i.e idtOlllify major discrep&ncies between empirica.l modela and theoret i~ 
modela and to .t~1 the need for &dditionaJ ob.~tiona in the &tmoaphere Uld for further I .. bontory 
work, .ince th ... e diffennces .uUest either problems ':'.ociated with observation techniques or errors in 
chemicaJ kinetici dat& (or the exiotence of unknown proce .. t!S which &ppeu to pl&y &n importan t role) . 
The model uaed for th~ investig&tion 11] extenda from the earth' •• urface to the lower thermasphere . It 
includes the important chemicaJ and photochemicaJ processt!S rel&ted to tbe oxygen, hydrogen, cubon . 
nitrogen and chlorine familit!S. The chemicaJ code io coupled with .. ra.dilLtive .cheme which provides 
the he&ting rate due to absorption of IOlu ra.diation by 010ne Uld the cooling rLte due to the emission 
and absorption of tent!Stri&1 rLdiation by CO 2 , H2 0 Uld 0 3 .121 The vertic .. 1 trLlUport of the Ipecies is 
exprt!Saeci by Ul eddy diffusion pULmeteriution . 

COMPARIsor; BETWEEr\ THEORETICAL MODELS AND OBSERVATIONS 

As the model uaed here&f~er is one-dimension&1 and produces ,lobaJ average vertical profilt!S, the present 

• 1' .. tion&1 Center for Atmospheric Reseuch i> funded by the National Science Foundation 
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.tudy will foe ...... entia.!iy on th. lonc·lived tr~. I""es . However, .ome important and unuplaintd 
discrepancies concerning the (""t·re&.:~in, speci .. "'ill ~ be mentioned. 

Source Gu .. 

The c .. lculated diJtributi"ns of ~,O , CR., CCI., CH 3 CCI 3 , CFC-ll and CFC-I2, are diJplayed in 
Ficures 1-6. The agreement 'oetween theoretica.l and observed vertic .. 1 distributioM is lood for 1',0 
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theoretical profile . 

a.nd for CR • . In the I&tter case however luge differences in the observations exist above 30 I<ID , rnuir.g 
the comparison between model and observation difficult . The r"atinly good agreement, in the case 
of 1",0, ~ not surprising u the eddy diffusion coefficients whie!'. ue \!s~d in the models (including the 
present model) &re Wiually tWlea to fit the vertical profile of this puticulu gas . For the preClln'or gases 
of &etive chlorine (e.g., the CFes), the model tends to overest:O::Ate the mix ing ratio, especiAI;y in the 
higher levela, except for CFC-12 . Such discrep~cy which Appeus in usenti .. lly All 1-D models haa not 
yet been resolved . It can be due either to the 11M of an inadeqUAte eddy diffusion coefficient or to an 

underestimated 1055 rate (or to both ). Indeed, it h .... been show n from theoretical cOMideratioru i10) 
that the specified value of the 1-D eddy diffusion coefficient .hould be a fun c tion of the lifetime of the 
tr&ee-constituent. Moreover, Wlcertaintie. rema..in in the calcula,ion of the penetration of sWllight in the 
SchumUUl-Runge b~ds, leading to uncerta..in photodisllOciAti on r .. tes of the chlorofiuoroc&rbons. 

The calculated lifetime of the lIOurce gases playing a major role in the atrat06;>here ~ given in TAble 1. 

TABLE 1 Calculated Lifetime of the Source Gases 

Species Lifet ime (yrs) 

N,O 165.6 

CR. 10 .0 

CH3 CI 1.5 

CCI. 68 .8 

CH 3 CCb 6 .6 

CFCb(CFC-ll) 86.6 

CF,CI,(CFC-12) 154.3 

CFCI,CF ,CI( CFC-113) 129 .8 

CHF ,CI (CFC-22) 16.2 
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Active GLS~ &nd Tempon.ry R~rvoir5 

The concentn.tion of • .ctive gases ouch os OH. HO
" 

0, Cl, CIO, etc. is d:ffi cult to measure oince their 
concentration is low &nd their chemicaj rta.cli,·,:y very high. A reliahle comparison between theoretical 
model resulu &nd the few aVailable data ;equi:E:S the knowledge of the solar unith angle at the time of 
the me&llurement and the concentration in the observed air mASS of the trilJ1Jlport dependent long-live 
opee ies which aIe the progenitor of the fASt reMting compounds. From an ex&mination of Figures 7 and 
8, it can however be deduced that the mos t recent meASure rr.ents of t he OH adicu (11, 12, 13, HI have 
the sa.me order of magnitude than values provided by theoretical mode is but that , in the Ca.!; ' of H0 2 , the 
voJues reported by Helten et oJ . 115i &Te i.., tne lower stratOfiphe;e a fMtor 100 larger thaJ: redicted by 
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theory. II additional meLSUl£:n.:.:, :i r.d 10 coniirm these da.ta.. lh. ~',,-,e:;tly a.cc.pted che:::ica.1 .cheme 
;. in error for the hydr",.n .pec ... . >.l I ..... t. in lhe almospheric layu where the ozone conc.ntration is 
th,. lar,est. 

Efforl.l to meuur,. the vertical distr :'~ ution of t.mpora.ry reservoirs ha.ve been "yorled only recently. 
Figures II and 10 .how thaI .... pecia.l;\ ior CIO:-;O" lhe data deduced from 'nIra·red meaour.menls. fOT 

uample from the ATMOS uperimenl, are consinenl with a. 2~ hour-avera.ged model calculuion . 
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Nitric Acid and Olone 

Finally, a comp..n..on betw~n t!'leory L:ld ob6erntion.5 is performed for 2 g&.5f:S (H:-:O. r.nd 0.) which 
are produced in the rtr~t06pi:e,. and "' ~06e lifetime varie. lignitcz.ntly with altitude a.nd I~titude . In 
the cue of RNO, (F~e 11) , l!1e ~~!Ilent is fairly lood bel"'..:n th~ry and obeervation below 30 
kID but above thie beilht, m061 oodei5 ~m to overestim.te the H:"O. mixing ratio . This discrepancy 
iI emphuiud by the f&<:t that. r.ew treatment of the H:-;O, LIM5 data '20 j indicates that tbe mixing 
ratio retrieved in tbe upper nrat05phere Ihould be reduced by u much ... a factor loS. 
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Fig . 11. Compuison betw~n observations of nitric acid (balloon-borne uperirnents aI. :i 
Lr-15 dual and a th~relicaJ ;,,05Ie (24 hour aveage, mid- latituoe, equinox) . 

Olone h .. b~n meu\lred rather Iy.te:natically and by different techniques over a number of yurs . 
The vertical profile provided by the t':; Stan dud AtmoGphere :21 : which is in doee agreement Wi: :1 
other data base> is compued in Figure 12 with a model calculation . Th. :n~retical concentrations ",e 
obvioUJIy ZO to 40% lower than the o '~served values in the upper stro.tosph~re . This orone imbalance 
which WlU noted in several investigation. 122, 231 is not yet explained. It could be due either to unknown 
additional production processes of Olone or to erron in lOme chunical or photochemical puameten. This 
problem is a major question u it rellects lome unknown procesaes occUIrin, in the atmospheric region 
,.,here photochemical conditions apply r.nd where the h.rgeat relative Inone depletions an predicted as 
a reapon. to the emiuion of CFCs. 

CONCLUSIONS 

Modelo reproduce most of the ob.erved distributions of the trace Ipecies belonging to tbe oxygen, 
byd.rogen. nitrogen and chlorine families . Some discrepa.nciea however remain, wbich rellect erroTO or 
uncertainties in tbe chemical >cheme currently adopted in the models. More work is tbuo needed to 
identify tbe phy>ical or chemical processes ,.,hich could explain the cause of theose discrepUlcies. A 
more detail compuison between obeervations r.nd tb~ry, which .hould account for the latitudinal and 
leaeonal variuion of the trace .pecieos concentration , should involve multi-dimensional models . 
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