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Abstract.

Micrmavc (A WI .’2 111111) s]wtra]  c]nissiol) lillc (Jl)sclvdtiolls  of Iloz, ():+, a~ld Il~sO

fr{)ll] tllc II])])c1 st ratosj)llcrc all(l It)csos])licr(I  (45-80 kIII) JYCIC ol)tai~ld ill A])ril 1992,

JaIIu:iry 1993, A])ril and 1 )CCCIIIIXI1 1996, usi]lg t llc Kit t l’wk NTatiollal lla(lio Astrol[ollljr

olmrwitory  (iNl{A()). Sig[lifica]lt ilil])]()~(’111(’llts to this, tllc o]]ly Inctllod for ll]akillg

Illcsos])llcric 1102 lt](’:lslllc:lll(:]lts,  llavc l)c(III  It)a(l(I Ivitll lltlrcl~varc u])~radcs allmvi]lg ol)-

scrvatioll of a S(rollgc] t’]r]issiol[ lil]c 111<111 (Icsc]il)(d ill ])rcviolls Tvc)rli. 1 )at a allal~rsis ]Ias

I)W1l ilnl)rovd l)y (1) 1(’c~llil)ltitio]] of tl](’ (I)ri]l]arily ast rollolllical) illstrul[lc]lt for atlllo-

s])lleric st Il(lics, (2) illcorl)olat ion of Il])(lat(I(l ldt)oratoly” sj)wt rosmpic ~vc)rk, and (3) usc

of all illlprovd ])llc)tocllol[li(~ll” Illo(lcl. 1 )iurll;il 1102 (Iat a a]lalyscs elll])lo~’illg 30 lIlillut e

to 2 hour olmrvatiolls SIIOIV  ~Ilcasuml 1102 al)ull(lall(m at 50-80” kIII alt it udc arc 23-47(X,

lligllm tllall l)llot[)cll(:lllical ]tIo(l(Il val(l(w at ]]li(l-(lay, agrw \vit Il lllodcl values ])riol to

!hltl, and mud Illodcl lllixi]lg ratios ly 1 ()()% iltll[ldidt cly after slllwct. Coordinated

diurnal  111( ’iiSlll’(’1ll(’l ltS of Illcsosl)llcri(  ():{ fill(l 21 1110(1(11 ():{ (Iefi(it collsistc]lt ~vitlk Illodel

1111(1(’ll)lccli(t ion of ozotl(, sc(~]l ill all co]II]mrHl)lf~ (1:11 H s(Its. ‘1’llc ozo]lr ]tlodcl deficit aII(l

!)alll-(i])lll  IIoz ]Ilodcl deficit alc sillllllt~llloollsly” r(w)lvfI(l Jvitll a 40(X) rcductio]l ill tllc late

cocfliciult k(IIOZ + () - } 011 -1 ()). 11’c l)licfly rcvimv otlle] lllodclil]g stll(lics of this lat(t

(’nil Il~(’, indicating it has Ilcgligil)lc cff(’(’t ill tll(’ IOJV(II strtltos])llcrc all(l il[ll)ro~m it diverse

S(’t of 1110(1(’1 I’(’slllts fl’oltl tll(’ 11])] )( ’1’ Stratosl)h(’1”(” to 111( ’so]) :llls(’. \!’(’ argll(’ that tll(’ factor

of two ]Ilodc] Ill](lcl])lc’(li(tiolt of ])ost-sl]llsct 1102 is (lri~’cll l)j’ ral)i(l co]lvcmic)ll of () to

():] ill tllc ill)scll(”c  of l)llotol~sis, dll(l rcsllltallt (olllrclsioll” of 11 to 1102 ill tllc 70-80” litll

altitude r:illgc.



1. Introduction

‘I)l]c llOX falni]y (1102, 011, and 11) colltrit)utcs to OZO]IC 10ss l)rocesses  thmugllollt

il)c atlnosl)llere via catalytic ox (():; alltl ()) (Iw(ructioll , all(l (“olll~)lctclj (Iolnillates ox

10ss al)ov(! 55 kill [c(/. 117(/.  $.$(!1/7”  (/71(/  L$Ok7//07l,  1 986]. l)cs~)itc tll(’ imlml tallc(’ of tllcsc

()(lcl-lly(ll()g[!l)  slmcics ill tllc Itlcsosl)lIm’, tllcir al)lll](lallccs tllcre arc I)oolly collstrailld

1)-y lll(’;lslll’(’IIl(!  Ilts. IIallooll 1[1(’aslll(’111(’llts  ill tllc ]o~v to lllicl-stlatc)sJ)ll(\lc [Y)uvb c!t al.,

]~go; sti7)lj)fk: d (//. ] ggo; ]’(/7”)i  (/71(/  07’/2,  ] g{)l ; 5’t(/c}171di  C{ (//., ] 992] fill(l [1102] Valll(%

in aglwlllellt, w’itll l)llotocll(!lllic:ll” II1O(1C1 l)re(li(tiolls 111) to 40 klII altitude, l)llt tllc lligllcst

(ul~l~cr st ratosl)lleri(:)  l~allooll ]rl(’:lslll(’l~  l(llts  [7}o?1L f{ 01., 1 990; ,9taclL7Lz)i  cf 0/., 1992] find

1110[1(’1s Illlclcll)l(’clict [1102] 1)~’ almllt, 30% at 40-M) ktll.

‘1’lle first lllcsosl)lluic lll(:as(llclll(lllts of 1102 \Ycrc ltladc lwillg glolllI(l-l)tls(I(l l[li-

(:1’olt’al’(! Sl)mt I’os(’()])y  I)y 6’k/71(:f/  (!f (/1. [1 ml], V’llo follll(l a larg(’ (’XC(’SS  of Illcasurd

IIOZ relative to l)llc)tc)cll(!ltli(al  ]Iiodc] al)ul[da]lccs  at N)-75 ktn. hlmlel 11~1(1(~11)1(’cli(t ion

of lnwml)ll[!ric  [1102] is a sull)risillg rcslllt ill tllc context of ltlodcl 1111(1(’11)1(’(lictioll of

ozo,lc (tllc l{,*ig-stal,dilLg OZOI,C deficit ]),01)1(1*,, }vl,icl,  l,as l)ec,, rdud l,y *{,ugllly O*,C

IIalf tllmugll cllallges ill tllc rate cocffi(icllt for 011-1 1102- } 02 -t 1120) [S0107/L07L d (Il.,

1983; C1(MLC:Y ct d., 1987’; I;lu,sd;ictoiu  (/71(/  A1l(:TL, 1993]. hfost clla~)gm to t 11(I l)llot w

cllmnical Illmlcl that rduc(! tllc 1102 (lcficit illtwasc oxollr dcstrllct, ion and Ivorsml tllc

mode] ():1 deficit. Cl(171cy  ct (/1. [199-la] SIIORYYI t IIat a dwrcasc ill t)lc acccl)tcd ,JI’1,92

rate coeflicicllt for O ; 1102 - } 011 -1 02 TvOIII{I  sillllllt:lll(’ollslj rulllcc l)ot]l ttlc 1102 al)d

():+ ddicits. A~lotller cmIscqll(!IIcc of dwreasillg t]lc l’at(! of this ]]OX lmrtitiollilig wactioll

is a (Iccwasc ill 011 al)lllldallcr l)elo~v t Ilat l)r(’(li(”t e(l \vit 11 t 11(’ standard ~)llot ocllmllical

1110(1(!1.

Sulmqucnt  lncsosl)hcric [011] 111(’~islll(’lll(llts  [,f’m)u~~m ct O1.1 1996; 1997; CoTLw/y

ct [/1., 1996] illdd found 30 to 50(X) Illodc] ()~’(’ll)l(l(li(ti()ll  of [011] at altitudes 50-70”

Iilll, all 011 IIlodcl suq)lus that  S7171L71LCIS  ct 01. [1 996; 1 997] SIION is rcsol~wl l)y a 50X

rcductiml ill tl)c () -t 1102 –} 011 + 02 rate cocfliciellt. As for tllc CaS(’ of 1102, 011



111(  ’~ Slll’(’1ll(’Ilt S 1)C1OW  40 klIl [Cf/ /“iCk!tt OTl, d }) f’i CL$OTl, 1 996] arc it} gcllcral agwclllcl]t

Ivitll III Odd ~)rdictioll.

‘1’llc illll)licatiolls of a rcclllw(l k(() -1 1102, late (ocfli~icllt 011 asl)ccts of atlllosl)llcric

cllclllistry otllcl tllall Illcsosl)llcric 1102, 011, all(l ():{ ar[I generally collsistc]lt ~vith, and

sul)l)ortive of this cllallgc. Lf’tlTldWT”  Ct (Ii. [] 997] USd t II(’ rat (’ (“hallg(! t o r(w)lvc a l(nver

lncsosl)llmic 02(1 Ag) Inodcl deficit that lmrallcls t llc ():{ (Icficit. III a stlld~’ of motllmllic

cllclllistry, S’ZskiT/,d ct 01. [1996] found a ICCIIIW[l valllc~ fol k(() -1 1 Ioz, allc~’itltcs a IIlodcl

cold l)ias ill tllc uIqm IIIcYws})lIcre. Nlo(lel 1111(1(’lj)l(’(li(tioll  of (011111111 C() al)oyc 64 k[t) is

dcscrild ly S’O1OTJLO7L ct 01. [1 985], wlIo (lis(’llss a Illodc] ovcrcstilllatc of 011 al)ulldallcc

as ollc ~x)ssil)lc reason for tllc C() Illlcl(’l(tstilil:lt(’. K/lo! v’(/71i cl (/1. [1997] Sll(m’ that 40(x)

rductioll  of tllc () + IIoz rate cocf[iciclltj ill (()()l(li[liiti()ll ~vitll assil]lilatio]l of LJI)lK:x

Atlllosl)llcric l{cwcIarcl  I Satellite (LJA1{S) Clox all{] NTOX (Iata aIId lJKIvfo tc}lll~)oltltlll[:

data,  [Ililllillatcs tllc OZOIIC (I(lficit ill tllt~ lll)~)c] stl:ltosl)ll(jlc’. ‘111( I ()-t 1102 rcactioll is

Illlillll)oltiillt ill tllc lolver stlt~tosl)llc,lt’, JYII(IMI  1)0111 IIoz alk(l atolllic oxygcIII al)ullda]lces

alc V(’ry lo\$’. C}LiTL (:1 (/1. [1997] sllo\V, f’()~” (’Xii Ill])l(’, tllilt  110.2 i s  r(’sl)OIlsil)lc  f’ol” 1(’SS

tllall I(X of lotvcr stl:ltosl)llc’li(. ():+ (I(wtrll(tioll. ,$’vTI(TIIc:),s  c{ 01. [1997] fill(l that a 50%

rc(ll~ctioll of tllc ()-I IIoz rate cocfii(icllt il[ll)li(w t.llallgcs of lCSS tllall lo% to 011 and

llo~ al)ulldallces  1)[’1OW 30 liII1.

Sillcc tll[’ (kTIC?\ (!f (/1. [199-41] 1“(’slllt, llar(lwwrc illll)lo~’t’lllcllts llaw allmvd ol)-

scr~’atio]ls of a stmilg(:r Iloz clllissioll lillc, rcs[lltill~ ill II(I\fr (Iata \\ritll illll)rmwl s/11.

ol)s(’l\’t\tiO1l sc)ftll[ :233. 9C;IIz” ‘S()’[’()lill( [L%H(l CW(IT1(I ~kHL(’:1/,  1997] llal”(’1)(’(’11 11s(’(1 to

iltll)rovc calil)mtioll of tllc Ck/T/,cy ct al. [1994a] lrl(’:islll(iltl(~llt  sj’stcltl. III work l)rcwlltd

1)(’lo~vtll(’(’fl”(’ct ()ftllis ll(J\v(::\lil)lt\ti  c)ll, t()g('tll(t1\vitli lls(’ofa~l illll)lov(:(ll) llotocllolllical

Irlo(lel [Si.$l;iTLd C{ 01., 1995] and al)l)licatioll to a largcl IIoy (Iata set, lca(]s to corml)w

ration of tllc Clo7Lcfy ct 01. [1994a] (oll(lllsioll.” 11’rol]l Illi(l-clay IIigll sig[lal to lloisc (s/11)

olmmwtiolls 011 six dates, ~vc ]Ilcasurc 1102 al)ulldall(xw 23(X, to 47% lligllw tlla~l ~llodcl

I)ltdictioll for altitlldcs 50-80 kl]l. hlo(lcl agr(tcltletlt \\ritll tllc (Iata is slll)stalltially illl-
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]Jrmd fm a 40(% (t,ww sigllla) rwlllctioll of k(() -I 1102, lNIIOJV tllc ticccl)tcd ,11’1,9-1 va]uc

~lhmfm:  Ct 01., 1991, llcllc[’fc)l~i;i](l rcfcmlccd as ,11 ‘I ,{)-1. ‘J’llis rat c is u]]cllall~d frolll

t}lc’ ,ll’1 ,92 Wdll(!].

2. II(3z Photochemistry and I’hotochcmiml  Modeling

1102, 011, and }1 arc ral)idljr illt(:l(()~lv~’ltcj~l {lurilkg 1 lox catallrt ic ozoIIc  dcst ruct ion

cycles. F’or 5 0 - 7 0 ”  kl[l dtitudc,  Iloz, 011, all(l 11 ill(lividllally lIavc cllcl)licd lifctilllcs

<10 sc’co]lds, ~tllilc tllc lif(’til[lc of llOX is al)olll all llollr. Al)ovc 70 lil[l, 1I0% and 011

lifctilncs lxIcoIIIc  sllortcr wllilc tllc llOX lifctilllc illcwasw to ollc (Itly at 80 k[ll [Brcltstsmlr

07td S’olo?/Lo?L, 19S6]. llOX ~)roductioll for tllcsc alt it U(IW is dolllillatd  ljy SchuItlaIIII-

l{llllgc lkil)d l)]lotolysis and ()(1 1)) oxidatio]l of ~vat cl:

IIJ-t Ill/ - } 011 -t 11 (!13)

11~()-t ()(’1)) - } 011-1 011 (R])

llOX rellloval 1)1 OCCNIS via react ions alllol)g 11()x sl)c(im. lklmr 75 ktll, tile il!llmrtallt

llOX dmtrllctioll rcactioll is:

011 -t llo~ -> IIyo -1 02 (1{4)

Ivitll atol[lic llydrogcll l)layillg a lIIor(I il[ll)ortallt rol(I at IIigll(,l altitllclcs,

llOX lmrtitiollillg wactio]w, ~vllicll illtcrcllallgc 11, 011 ali(l 1102 ~vitllout clla~lgillg

tllc total of tllcir collccllt ratiollsj dctcrltlillc t 11(I rat io [1102 ]/[O1l]. ” 1’01 50-80” kill tllr

illl~mrtallt l)altitiollillg rcactio]ls arc 1{5, 1{6, 1{7, all(l 1{1 1 (ta})lc 1). I’lWIII tllmc OIIC call

Ivritc algcl)raic ml)ressiolw for tllc l)lloto(ll(’llli[til” c(jllilil)rilllll co]lc(’lltl~itiolls” of tllc llOX

sl)ccim and soil’(’ fol tllc 1102/011” ratio:



(i

[1102] k,,k~
[

[()’J[N]
-[(m] = - k,; L7[02] [M] -1 k

As lmr( of tllc dtita i]ltt’ll)~f’t:ltioll a OIIC clilllcllsiolla

, [():;]l (1)

l)ll(ltocll(’lllicill ltlo(lc] [Si<Ski?Ld ct

01., 1 995] }~w llscd to Calclllat c t IIw)lct ical al)lllI(ltllIc(’s of (’11( ’l[li(’ill sl)ccics as a f[lllct io]l of

t ilnc of day. ‘J’llis 1110( 1( ’1, aIl ll])(lat(’(1 vcrsioll oft IIat 11 S(’(1 I)y 1{1/$(:}/ (/71(/  i/’Ck//l717l  [1 985] 2111(1

Iy Ck17Lc?y (:t {/1. [1994;i], calculat m slwcics al)ull(lallcm dt 2 k]]l illt crvals fol altitudes of

36-82 kin. S1)wies wit]) l)llot ocllclllical lifd illles sllflicimlt ly lo~l~ that IIorizol)t al t riillslmrt

is illllmrtant  arc slx’cific(l M IIIMIC1 ill])uts. ‘1’11(’ key lollg-li}wl slwics  for this stll(ly is

~vatcr, for ~vllicll tllc illl)ut ~)rofile is dcri~wl fro]tl tllc 203 (;IIz 11L80 olwrvatiolw. 11’c usc

11.j80 as a l)rox~’ for tllc IIOIIIIal isoto~w, IIj(’(), lmswl 111)011 olwcn’dtio]ls  sllmvillg tllc Iatio

[IIj80]/[11~60]” i*l tl]c atlllos,,llm  is colwta*lt Jvitllil, a ra,,xc less tllall 4 2X [Ka~yc, 1987].

Model 1102 and ():; al)ull(lall(w sc~llc as [1120] ‘jz al)(l [}120]- l)Y, rwl)wt i~elj’ [Cfc/7Lc{g d

01., 1 994a], SO :1 (t~l)i(’ill)  + 20[XI Illlc(’lt aillty ill 111( ’;1s111’(’(1 lvat (’1” J“il])ol” (’01’1’(’s1)011(1s t 0 lo(x)

ullccltailltim ill Illo(lcl }Ioz a]](l ozo]lc.” It is significant that all clror ill \vat(Il I“ap[)r illlJut

10 tllc Illo(lcl l)roclllces (’1101’S ill 111()(1(’I 1102 all(l ():j tli:lt al(i ol)j)ositc” ill sign, l)ccausc

this 111( ’:111S tlll (’1’1’01”  ill 111( ’:1s111’(’(1 \\ ’at(’r J’dl)or (’ii Il ]Iot  (“?111S(’ tll(’ OIH’1’V(’(1  silllultalleous

1111(1(’llJlc(lictiolls of IIoz slid ():{.

‘1’]](I  stall(lard Jclsioll of” t IIc ,$i<sl,;i~ld  ci 01. [199G] 111()(1(11 illclll(lcs sOIIIC 50 ~)llOto(ll(’lll-

ical react iolw. IIcact ions rclc~’allt to lllrsosl)llcli( 1 lox (llcll]ist ry arc list d ill ‘J’a])lc 1.

‘J’llc stall(lard IIlo(]cl }vas rllll }vitll ,11)1,{ )-4 rca(tioll rates. .41terc(l Jcwiolw of tile stalld-

:11’(1  Illod  (’1 \v(!I’(’  1’(111  l)~r 1)(’ItllIl)iIlg  l’(’il(”t  ion rtlt (’S 1“(’lilt i~”c t () ,ll’1 ,91 \’illll (’s. ‘1’11(’ Illo(lifie(l

lIlodc!l wrsioll of lllost illtcrmt (lifkrs frol[l t II(’ sl illl(lill’(1 111() (1(’I ill t Ilat it Ivws a rat c

cocfliciellt for Iloz -1 () - > 011 -1 02 r(’(lll(x’(1  40(X1 (t~vicc tIlc (jllotul ullu’ltaillty) l)(I1OJV

tllc sta~ldard ,ll’1 ,94 ~’dlue. ‘1111(1 foclls 011 t his wa(t ion foll(ntrs frolll ClofLc,I/ c1 01. [19{) -la],

Ivlicrc tlIc -40% lila~[lit Ildc of t 11(I lwrt Ilrlmt io]l is (lot erltlillc(l frol[l IIoz olwcl~rat  ions dc-

s(ril)(t{l ill tllc })rmellt fvork.



3. Observations and Data Analysis

ol.wrvatiolls  of 1102 at 254.55153 and 260.56L86 (;l Ix, ():; at 249.7886 Gl]x, a{ld

11~80 at 203.40752 Gl]x were ]Ilad(I frolll l{itt l’[wli Arizona (32C’N, 112@\l’), using t]lc NTa-

tiol]al l{tidio Astrolloll]y olwrvatory (AT1{A()):t 12-lllctcr Ia(]io tclescolw ali(l ~nicrmvavc

rwcivcrs. 1102 olmrwlt iolls ~vcrc Illa(]c at 255 (;IIz })rior t 01 )eculll)cr 1995, all(l at 260

G] lx Slll)s(’(]ll(’l lt’ly. ‘lllIC 260.6 Gl]z 1102 lillc is l)rcfcrrd lnallsc it is 58(X) S( ro~lgcr t IIall

tllc 254.6 C;}IZ line [1’icktl d al., 1996]. ‘1111(1 lvcalier lillc MWS usd for mrlier olmrvatiolls

owil)g to l)rol)lc]ns ~vitll tullillg tllc rcccivcrs to tllc IIigllcr fmlllmlcyj ~vllicll is closer to

tllc l)utatilre d,gc of t IIc 200-265” GIIz rcmiver scllsit i~it~’. FJxlwriellcc IIas ld to tllc ca-

lml)ility of tullillg l~itll coIlfi(lcIl(T to 260.6 (~llz, \vitll Iloisc colll~mlal)lf: to that at 254.6

G}lz. [IIj80] is It]casul[!d as ii I)roxy for [Ilzo], ~vllicll is uwd as all illl)ut to tllc I)lIo-

tocllclllical II Iodcl. [():;] lllcaslll(,lll(~llts :irc illl~)orlallt for Il[lcl(,lst?lll(lillg tllc Iclatiollsllil)

l)et!vccll llOX alId ox cllclllistr~ discussd  ill tllc I)rwulillg swtioll.

olwnwtio]ls  alc ll]adc Ivitll tllc tclmwjw nt 20” or 30” clc~wtioll all(l fixc(l azillllltll.

Sl)ccics al)llll(laliC(’s  alx’ Iollgllly  liIl(’ilI’lJ’  ])10])01”  t iollnl t () Sl)(’(tlal  l)rigllt 11(’ss  t (’1111 )(’lat  111(’s

for tll(!sc o])tically tlli[l cll)issiolls , al)d tllc COI r(’slmll(lilig rotatioll;ll statt’s are ill l(Kal

tll(Jllllo(lyllalIlic  cqllilil)riul[l well into tllc tll(’llllosl)ll(’[(’. ljillc strcllgtlls, as JVCII as lillc

IllC., 1111(  1( ’1’ (WO])(’I’titi  V(! a~I”(!(’111(’Ilt  JVitll  tll(’ h!;ltiollill S(’i(’11(’(’ ]“ollll(liltio Ii.”
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dc Z(Ijm ci 01. [1984] cst illlatwl Vc,) = 3.14 ().6 il’lllz/111’a for their stratml)llcric  olmr-

Yatiolw of }102 lillcs at 265.690, 265.732, allcl 265.770 C;IIX, basill~ that cstil[latc 011

all al)l)roxilnately litlmr wlatiollsllil) lwttvwll dilmlc stwllgtll slid l~c,, for a IIIIInl)Cr o f

ot llcr lIlolwulcs Ivit 11 well kllmvll IIlicrowavc allfl ill frarwl l)rcssurc I)roadcllillg lx’lla~’iors.

NC1,SOTL  o’/Id ~({1171iS{7’ [1 WI] 111(’Will’(’d 11,,, = 3.2040.27 L’IIIz/111’a fol aII }102 line ill tllc

v2 vil)ratiol!al lmII(l (.c)ll(~sl)c)ll(lillg  to tllc ~)llrc rotat iollal lill(~ at 578.19(j C;IIZ. (7/L07LcC

ci (/1. [1 994] 111(’asuI’(’(1  Vco  ❑ 4.16:1  ().38 N1llz/111’a  for tllc }102 lillc at 2.1878 ‘1’}Iz. \lTc

illterlm’t tllc Nc1.so?L o~ld Zo}MIi,S~:7 []99-1] ]II(I;ISLII(I]tI(IItt  as v[trifi(atiO1l  of tllc dc Z(/jIu CI

01. [1984] csti[llatc , all(l tllc C}L(JTLCC c( 01. [1991] 111(’ilslll(illl{’llt  as ill(licati[lg \’c(, ilicrcascs

~vitll tralwitioll frcqumlcy. llasd 011 tllcsr 111(’tisllt(’]]1(’llts, TV(I colltilluc to IISC tllc dc Xc/~ro

Ct (/1. [1 984] value, l)ut Ivitl] rdllcc(l ullccrtaillty, \T,,) : 3.14 ().3 Mllz/hl’a. lox 1111-

ccrtilillty ill tllc l)ressurc l)roa(lcllill~ cocfliciclll (wrrcs])ollds to O-8% ullccrtaillties ill tllc

ret rimd Illixillg ratios.

Slmtral  data for tllc 260 slid 254 (;}lz 1102 lillcs arc SII(NVII ill figuws 1 alkd 2,

lcslJwt i~wly. Corlt ril)ut io]l fllllcl i(j~ls (fig(lr(’ 3 )  ((JII(,sl)OI](lirlg  to tll(’ (figlll(’  1 )  260  C;IIx

sl)c(trlllll ar(’ ill(licativ(’ of altitll(lc rwol~ltio]l of tll(’ ~(ttri(’val. hlilliltllllil  llalf-~vidtlls of

arc 10-15 kIIl, delilllitillg tll(i t lie lmt lmssil)lc all it ll(lc rwolut io]l. Colltril)utio]i fllllctiolls

ill(licatc tlkc dat iw collt ril)ut ions of 1102 at difliwllt illt it udcs t o t IIc olxwrvcI(l slmt ru[ll,

and corrcs]mlld to tllc wciglltillg fllllctiolls [Cl~/TLc:/y ct 01., 199-1:1] Illultil)lid lq’ t}lc 1102

lllixillg ratios. P’ig[lrc 3 illdictltm IIlost of tllc illfoll[latioll colltrllt of all 1102 slwctru[ll

derives frol]l clllissioll IIcal 70 k[tl altitlldc. l{ctrimwl 1102 al)ull(lallcc  at ally altitude is

Jvcl] al)l)loxil[latf’(1 ly [ROdf)WtS, 1990]:

Xl(,t ❑ xii -t A(xt,l,(,  - x:, ) (2)



1()

ratll(!r tllall dirc!ctly ~vitll tllc lII(NI(!I.  Collllmriso]l  of cqllatiolls 2 and 3 Icvcals that i is

tvllat tllc retrieval algoritllll] wwuld find if tllc true [Iloz] l)rofile Jvcrc gi}’cll Iq Xl,,c)M.

llc'cillls(' tllc:a I)li()lil) l()fil('lls f'(lfc) 1tlll()lllll()2 lotli(’vtllsist  ll(’stiill(lill(l l)llotocllf’lIlici~l”

IIlodc!l rwult using ,11)1194 ]tlt(’(c)(:fli(i(’llts,  tll(’Stil  II(ld I’(1 111()(1(11 [1102] l)mfilc isidcllt ical to

its(c)ll(:sl)c) ll(lillgil(ctol. ‘1’llclllo(lcll(’slllt tvit1140(fi)l (’[111 (( ’(lk(lloz -t” ()- > 011- I 02,

difkrs frolll its colr(’sl)oll(lill~” ~ l)y - 1  6X to - 7(XI ill fi~llr(’ 4, Tvitll a difh’rrllcc of - .4(X

lkcar 70 kIIl, ~vllcre tllc colltri~)lltioll fullctiolls (figul”(’ 3) 1)(’ak. ])ifk’r(’11(’m ~)(’t\v(’(’11  X1,,  C) CI(,I

t\II(l (.oll(’sl)ollclillg” i arc silllilally slll?lll for ()(11(11 retlimra]s; tll(’ i lwllavior relative to

‘1”’xl,, ()[kl s IC)IY1l  ]11 flg U1’C 4 is 1(’1)1(’s(’llt,tlt,i~r(,.

I“igllresl a11(12slI(w, ill ad(litioll to tllc (li~t:l, sylltll(~ti(”  sl)c(”tla (c)ll(isl)ollclill~ to tllc

retrieved all(l lllodcl [Iloz] l)rofiles. (A sylltllctic slmtrlllll  (“oll~’sl)oll(li[lg” to a rctricvd

[1102] ~)rofil(istll(l)(st fit totll((lata.) It is (1(’;l] tllal tllr stall(lal(l l)lloto(ll(,lllic:ll”

I[lodcl iltll)lies sylltllctic Sl)(’ctra lvcll olltsi(lc tll(’ IIoisc of tll(w’ 111(’aslllf’111(’lkts,  illl(l that

tlic IIlodcl result wit]l 40% INIUCU1 k(1102 -I () - } 011 -t 02, is allllmt i]l(listillg~lisll;~l)l[!

froIIl  tll(: l)(!st f i t  to  tll(’(lata.

As discussed al)(n’c, caclI  l)llc)tocll(~Illi(i~l  111()(1(11 cal(ulatioll  r(qllircs  a ~iatu j)rofilc  ill-

~)ut,  ~vllicll\ve  (l(Jri\(`f  lc)lila2(  )3[; 11zll~8()()  l)s('l\'tlti()  Il. A l(ll)l(~scJ1lt~ ~ti~’(II~80sl)c  (tl{1111
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issllo~vll ill fig{lrc 6.
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figures 1 and 2, uwrc



011 or 11 to 1102. A sudden julll]) ill [1102] at s~~twt is cxlw[td at 50--60” klil duc to

tllc ~’cly ra~)id comwsio]l of () to ():~ all(l sll(l(l{’11 al)st’lice of’ ():3 l)llotol~xis as a source

of () [cg Allen et {/1., 1984, aIId tl[c dillrllal ():] olwrvatiolls dcscrilml lwlm’]. 11’itll

tllc disa~qmral)cc of atolnic ox)rgc II, tllc IIoy-t ()-} ()11-I 02 colliwsioll of  1102 to

011 cmscs, wllilc rcactioll of o:+ ~vitll 011 to fi)llll IIoy colltiI[[tcs. Ileum’er, tllissullsct

~)altitic)l~illgoflIOX” tofavol” 1102 :ittll[’(’xl)(’lls(’ of 011 is loss illllmrtalit at 70 Ii]l), ~Ylim’

it is seen ill tllc ~)lloto(:ll(’tlli(iil”  lnmlcl (at lligll{’1 tilll(’ wwlution tllal! I)resclltd ill fl~ums

8 slid 9) as a slnall cff’ect. lkcallw tllc I) I(Iss(iI(I-l)If  )~i(l{IIt(I{l  llalf-~vidtll of tllc 1102 lillc

Iwlow 60 kln is >1 Mllz, tllc IIamm Ii[[c olwnwl at 6-71)111  (figIIr(:  1 0 )  rul(Is o u t  tlI(:

lmssil)ility  o f  a  l a r g e  rq)aItiti(JIlill~  of  011 to 1]02 at 50-60” li]n  lx~i~lg lllisiIlt(’ll)l(~t(J(l  a s

all itlw.!asc  ill  1102 at 7 0  kIII.

‘1’11(1  fo l lowing l)lloto(}l(’Irii(al”  Cyuilil)riulll  cxl)rmsio~l for tllc [lIOY] to [11] ratio lllay

IN dcrivd fmlll tllc llOX Imrtitioltil]g rcacliol]s 1{5, 1{6, 1{7, al)d 1{11:

w] , ~,(,(ol
[02][M]

[11]
(4)

l;quatioll  4 is Ilot mlmtml  to lx’ rigorousl~” (111(, ilt Sll IIS(’t , })(’(’illlSC’  ~)llotocll(iltlic~ll” c[lui-

lil)riulll cmllditiolls do Iiot hold at t IIat t itl)c. IImv(,vcrj it (low ill(li(atc that a lal’gc

rc]mrtit iolli]lg of 11 to 1102 ~vill IN (lti~’clt l)~r t 11P ral)i(l conversion of () to ():{ at slllwt.

MTllile tlic! slwctrlllrt ill fi~uuc 1() col]l(l ))(} ~)roclllcc(l  l)y very lal’gc llo~ al)lllldallc(’s

almw! tllc 82 ktn nlaxirlllllt] altitu(lv of tlke })lloto(”ll(’llli(;ll” Illodcl, tile 1-2 110111 dway of

tllc olJscrtd  wcllillg 1102 INak swlk ill t llc 1 kI((IIIllwr  1996 data  i]ldicat m t lle sigtlal lllllst

come froln t}lc 70-80 kl]) alt itll(lc rcgilllc \vlL(Irc llOX lifct iltlc of one to smclal IIollrs is

colwistellt wit]] tllc olwnwl (Iecay. ‘1’lIc sllolt lifctilllc of ato])lic oxyscli (20 Illit]utcs at

70 kill; 2 1101]1’S  ilt 80 kill) is collsistollt Jvitll ral)id colivcrsioll” Of 11 to IIOY. ‘1’11{’  St I’OIlg

altitude dqmldcllcc of late aftcrllmll Illixillg ratios of 11 and () (cacli illcrcascs oltc to

two ord(m of ]nag~lit udc fro]ll 70-80 kIIl) aII(l  at olllit mygcli lifrt ilIie J\ ’it liill t ltis alt it udc

rcgilllc il[l~)ly tllc cvmlilig jul(ll) ill 1102 al)llll(lal~cc is a strong futlctioll of altitllde. It is
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rcsolut ion of tllc ~)llotocll(’llli(:ll” lllmlcl is not adquatc t o fully

cal)ture this Iwllavior. M{)dc] diut]lal 1102 Iltixillg ratios SlLOTYII  ill figllrc 11 illustrate

tllc mtrcmc altitude dclwlLdcIIcc of 1102 Iwllavi(jr at dusk, JMrt iullarly ill t IIc 76-78 kill

I’allgc.

‘J’lIc ~iarrow’ 6-71)111 clnissio]] lillc call o]lly 1)(I l)rwluu!d l)y 1102 almvc 70 kin, Ivllcrc

lillc:Ivi(ltlli  sclc)lllillatccl? Jy(:llti tll(lt'ilt(l('l) (`1l(l(:llt) tll('llllall )l():lclc'llillg, iillcll) elc)Jv8()k1ll,

]vll(!rc chelllical lifctil[lcs arc suflicic]ltly snort, to allmv tltc ol)scrvd ral)i(l cllallge. IV(I

l)(:li(:]et ll(:~)l)scll’(’cl \YIry lli~ll }mt-sllllsct 1102 al)u]ldaliccs rcfl(!ct a ral)id con~wsio~l of

70-80k 111 11 tlo 1102 tl]at is(lrivcll l)Y ~)tlltitiollillgofo too:{) and ~vllicll is toostrollga

function ofaltitudctlo  I)c re~)rf!sclitul i]] tllc ))lloto(ll(’ll~i(~~l” lIIw1(I1. lllll)rovcd Illodclitlg

of cwllill~ IIOZ Iw]lavior is a g[ml of ftlture u’ork.

4.2 O:i Diurnal E3ehavior

IVc ah ol)tailld  lligll S/IL lll(tislll(ll~(llts of tllc 2’19.7886 (;llz  ():+ lillc writ]l 6-12

Iilirllltc itttegratiolls. l~i~llrc 12 ])r(w(JIIts  a  ty~)i(al sl)fxtrlllll. ‘1’lIc o}mrv[d ():] cltlissioll

lillcis sigllificalltl~c lifli’l[:llt frolll tl](sylltl l(tti(sl )( ’(tllllll (oll(’sl)O1[(lill p;totll esttill(lt12cl

tllcordical ozoIIc l)rofilc,  as a (OIIs(I(jII(III((I  oftll(’ IIIo(l(Il  (MOIIC deficit. ‘J’lic sylltllctic ():1

spwtruln corl(!sl)oll(litl~”  to tllc Il[o(lific(l  lIlo{lcl is Jlcar]y ill(listill~llisllill)le  fmlll tllc I)wt

fi t  slwctrllln, wllicll lmrallcls tllc lx’lla~rior SWII iii tl[c (figltrcs 1 a])d 2) 1102 I)cllaviol’.

}1’igllrc 13 snow ():{ altitude l)mfiles (Ooll(’sl)oll(lillg” to tlic s1m4ra itl figlltc 12. ‘1’l]c

rctricwd ():; a]titu(]c in’ofi]c is collsistcl]t wit]l tllc ltl(difid l)llot{)(’11(’llli(’al IIIOCIC1 and

~vitl~ tll(: SiMI~; lJ\] arid 11/ IIlolttlll-y zO1!al l]lca]]s, l)ut disl)lays Illixillg latios sigtlificalltly

IIigllcrtllall ~)rdictd with tliesta~l(lal(l l)lioto(ll(’llli[:~l” ltlodcl,

l)illr~lal ():+ Ix:llaviol ~vas lllcasurml .Jati(lary 2:3-25, 1993, Iq’ collwtillg C1(VCIL 2 4 9

GJJz ():] s~mtra and collll)illill~ tllclll to forlll a sillglc diurlIal Imi(d.  IIltcrlca}illg of

tllc ():~ a]ld 1102 olwrvatimls 011 ,Iallllary 2 3 ,  1993 lca(ls to tllc galw ill 1102 diurltal

lneasu I’clllc!llts s)lm’11 ill figllrc! 8. l~igllr(!s 14-16 lJ1’csellt ll]caslll’cd dilll”llal ():{ lwl}aIrior at,



tllrcc altitudes. ]Twtical error Imrs illdicatr ullc(’rtaitlty ill dmi~wl ltlixillg l’iltiO, ~v]licl) are

dolnitmtcd I)y t hc cfkt of all 8% Illlu!rtaillty ill t Iic collisiollal IJroadellillg  coeflicimlt. S/NT

ullcc!rtaillt~r is l’cry slllall, as reflected ill tlie wflall wrtical SCiltt (’1’ of tile 111(’:islllc’lllcllts.

‘J’llc lolgtll of each obscrvt~tioll was 6 or 12 Illil]utcs. ‘J’IIc stalldad IIICKIC1 ():3 deficit

is evidcllt tllwugllout tllc day, al]d is cmlsistcllt ~vitll tile deficit SCCII ill all collll)aral)lc

lIlcsosJ)llcric ():] data sets. Mode] 1111(1(:1])1(’(li(tic)]l  of ():1 al)u II(la IIce illcrwmw \vitl) alt itude

(fro~ll 20% at 55 km to 4(YX at 65 kill dlllillg (laylig]lt Iiours [5’oTldor d 01., 1997]), a[ld is

Slll)Stalltiilll  J’ clilninatc(] ~vitll tll(’ 40(X1 re{lllwd 1102-} () rtitc co(!flicicllt. ‘1’11(’ silnultallcom

o}wrvatiol~s of diurnal 1102 ali(l ():{ lwllti~ior (fi~llrm 8 alIcl 14-16) ol)tailld  ill ~allllar~’

19$)3, dmllo~mtratc that tltc 1102 a]ld ():~ II1(KIC1 deficits occur silllllltatlc’ollsl~’.

‘J’llc la~)id dro~) ill O:; al)lllidi~lkcc at suilrisc (fig(lws 11-16) is (111(’ to l)lloto]ysis of ():1

itlto () altd 02; t)]c’ ra~)id ():1 illucasc at s([llsrt is (lri~rell ly tllwc l)(dy lecc)llll)illatiol]

of o with o~, and t 11(’ Sll(l(lcll al)s(’rl(’(’ of ])]loto])rt”  ir 0;] 10ss. 11( ’c;ills(’ atolllic (N~~CIl

al)ul  Idal  I(w cllall~(’  llI(Icl I IrIor(I qllickl. y at ttviligllt tliall do ally of tile llOX slmics al)ull-

(Iallccs, tllc tfviligllt lI<)X c}]cl]listty is l:lrgc]y (lri~’clk  I)y tllesr cl Ial Igcs  ill atoInic  Oxyg(’11,

a s  discussml i]] tlIc })rcwdiIlg srct io]i ill t IIC colitext of olwlwd very l;argc ~mst -slllmt

1102 al)ulldallcm.

5. Summary
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arc calculatd for conll)arisoli ~vitll t II(I olwmwt i[)lw.

‘J’llc l)rcscllt work is a~l ulxlatd stucly, cx~mll(lillg c)ll tllc illit ia] data al~d atlal)rsis

rclmrtd l)}’ (hncy et 01. [1 Wla]. llll~)lov(’lllcllts illcluclc usc of dat a frol]l additional ol)-

scr}wtiol)s Iaadc since tllr Ck17Lc?y ct ol. [1 WMa] alla] ysis. I lard~varc illl~)l mwllc]lts llavc

(vlal)led olmnratimls of all 1102 lillc at 2(X) (;IIz that is 58% strollgcr tlla]l tile 254 GIIz

lillc usd ])rcvious]y. IJalx)ratory s])f’(:tIos(()])i( St udics lliiV(’ l)rcn’icld lralues for t 1)[! llyl)cr-

fillc sl)littillg of 1102 lillcs [C}IJa?LCC  ct. (/1., 1 995; 1 997; K. 01({71[:(!,  p[!T”so?lol  {’ollllll?Ilti(  :(llic)71

1997] as TYC1l as incmasd  colIfidclIcc i[t t II(’ est i]llatc(l }102 ])msurc I)roadrllillg cocf[i-

cicllt [Ncl.s07L  071d Zoh71i.5w, 19!)4]. ‘JIII(’  X(II() (Iilll(llsiollal  l)lloto(lk(’tlli(;il” IIIocl(Il  [1{7/.$(:}L

071(/ L’AI(M17L,  1 985] ellll)loy!d }Jy Ck171cy ct (//. [ 1 9 9 - 1 ]  lIas lmII su})stallt ially inll)rowd

[Si,skind ct 01., 1995], witl) tl,c IIlO{lCl)S u~,~wr altit uclc lill,it cxtc*)dd to 82 k,,]. “ll,c Kitt

l’cak facility’s almlutc  calil)ratiolf, dcsigrlcd for ast rol)[)l]lical olwrvatio~w, lias also lwtl

revised for atlnosl)hcric  o}wr]’atiolls  [L$mdw mid CI’m Lcy, 1 997].

OJ al)lllldallm o})smd at Kitjt l)mk atc colwistcllt  \vit It otltcr olmv }’at imlal (Lit a

sets, SIICII as tllc Shll; 11{ (7’/Im//S.S cl cl., 1!)81] ;III(I lJ\T  [1/IISC}I  cf, (Il., 1983] IIlolltllly

zoIIal ll]cal)s, l)ut arc 20%-40%” IIigller tl]a]] t 11(’ ll]()(lel l)rc(lictwl values (figures 1 4-16),

\vll C1’C t llC lllOdCl VS (Itltil (lis:igl(:(’111(’~lt  illcrrascs \vit 11 iilt it 11(1(’. ‘1’liis Itlo(lel ul]drrl)rdic-

tioll is c(n]sistmlt ~vitll tllc loll~-stalldill~ I)X(JII(’ (Ieficit ~)m})lclll  [L901071L(J71 cf o / . ,  1983],

a s  lllodifiul I)y cllall~es to llOX loss latcs [[:.{/. (Jl(/T/c:l) [:/. ~11., 1987]. ():] (lillllIal olmlr-

vatimls snow’ Inmlcl 1111(1[’ll)l(:(li(”tic)li  i s  colwistcllt tlllougllout” tllc da~’. lfi(l-da~ 50-80

kI1l J 1()~ ol)s(!l’\’(!(l  almlldall(x’s, wlli(”ll l)rovi(lv tllc S t  rollg(’st Sigllill al](l tll(’1’(’fol’(” I)(’St

s/11, arc 23(% to 47% IIiglim tllatl III(XICI l)~ccli(t ion. 1102 ol)s(’l~titiolls” arc collsisterlt

\vitll tllc stalldard l[]odcl fc)r rougll]y 7 to 9 all] , atl(l arc 1 ()()(X) IIigllcr t IIatl l!lmlcl pre-

diction for 6-71)111, jllst after sllllsct. M()(lcl 1102 \’alll(’s fo? 9a111 to 6])111, as WTll as 0:{

values for all tilklm of day, aw I)rollgllt iltto :Igwclllcllt \vitll tile Illmlcl fol a 40% (tlvo

sigltla rclat iw t o .ll)l ,9-1 1(’cc)lllltl(:lj[lilt  iol)s) (l(I(wasc ill tllc value of tllr rcactiort rate

cocfiicicnt, k(~loz -1 () – } 011 -1 OZ). ot Ilel ([)IIs[’(lll(,II((Is of this rate (oefli(i(’llt cllallgc
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Figure 1. 260 G] lZ 1102 sIJcctrutII  olwc!rwxl  1():()()-14:()() local tilnc, avcra~(!d oi’(!r t}ir(’c

days Novel tllmr 30- I)CCCI]II)W  2, 1996. Also SIIOWII iLrr syllt IIf!tic sl)(!ctra corl(:s~)oli(lillg”

to the lmst-fit (solid), statldard ~)llc)t{)(:l}c!llli(:al Illodcl [Iloy] altit udc ]Jrofilc (dotted), a]d

~]liotc]cllcl~li{:al  ]]1ocIc1 w i th  40% rc(lllcml  k(1102-i  ())  (cIw}Ic(I). ‘J’llC Stiill(lal’(1  1110(1(!1  S~ll-

thdic sl)cctru)ll dclt~ol)st  rates lIICK1(!I Illl(l[:ljjl((li(:tit)ll  of [1 102]. ‘llIIC MXIIICWI  k(~ 102-+ ())

sy]ltlictic slmtrunl is allllost idmlticd to tllc I)rst  f i t .

F i g u r e  2 .  SaIIIC as fi~llrc  ), ~)ut for a 255 [;] IX I ]oy sJK!Ct  I’UIIl, ()~)S(!l’V(?d  07:1 b-] i’:do,

Jamary 23, 1993.

F i g u r e  3 .  Iloz 2 6 0  (;IIz cc)litrit)[[ti(jli  fll~tctio}ls. ‘J’llcs(:  ill(li(at (’ tlic sollrcc alt it udc

atld rdativc weight  il)gs of colltril)lltiolls”  to olx+crvd slm:tra. For  cxalnlde,  tlm diflimulcc’

l)ctwccll signal at ().125 and 1.125 M}lz  frolll  lil]c cf’llt (:r (dot  twl cllrvc)  is lllost smisitivc

to c]tlissioll  froltl  w62-74  kill.  ‘ill ICS(: colltril)~lt  ion f(l~lcl iolis  ar(~ t IW wcigllt  illg f~lllct ions

ill Cloncy  ct al.,  [19{J4a], lll[llti~)li(’fl lm tlt(: I1OZ IIlixilkg ratio.

F i g u r e  5. IIOZ IIlixitlg ratios (:c)lI(:sI)[)~)[lillg  to tllc 254 G1lz  sl)rctra sll~wrll  ill f igure  2 .

1 )ottd I)rofilc  is t llc staIldard  ~)lloto(:ltcllli(;il” IIIodcl  r(s(llt aII(l is tllc a ])riori  lJrofilc  llscd

for tllc retr ieval .  l)asllcd lilw  is tllc ])llc}t(~(~lcllli(”:ll lllod(!l r(!sult with rate c(mflici(!llt  for

1102+ o rdllcd 40%.
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F i g u r e  7 .  1120 a l t i t u d e  lJrofilcs  rctri[!vd  frolll  olmrvatior!s  {jlt tllc illdicattxl e l a t e s .

l~;rror l)ars (J1l each I )rofilc rc~)rtmllt 1 -si~lna .9/N llll(:ort:~i~lti(~s  for a l t i t ude  l)itw 48-58

and 58-70 km. No 11~80 olmrvatim) was ]nadc ill A])ril  1996; tll(! solid curve (])rmcnt  d

wit,llout  error bars) illdicatles  clilii:ltoltjgi(”~il valuf:s  for t  lli~t (Iat c Iwcd a s  ilil)llt  to tllc

]Jllc)tc)cl)[:lllical  Inoclcl. l)dted curve, A]mil 10, 1992. l)as}wd  mrvc, Jmluary  2 3 ,  1993.

%lid cu rve ,  Al)ril  3, 1996. l)ot-(las}ld  cllrv(!, 1)(!(:(’1[11)(’1’  2, 199(;.

Figure  8 .  55-75  klil  diurlla] 1102 l)cllavior 011 Ja])ualy  23, 1993. %lid lloriz(llltal Iillcs

i]ldicatc rctricve(l luixillg ratio at 7 0  klll,  alit] llaw~ l(nig(]l c:oll(:s])c)~lclil]g  to tllc (Iuratioll

ofcadl olmrvatjim~.  Soli(lvt!rtical litlcs  ill(licatctllc l-sigltla s/11 e r r o r .  ])ott[!{l l)orixolltal

lillcs  iiidicatc t,}lc standard  ]Jlloto(:ll(:lllic:al”  ][l(KIc1  valll(:s. I)asllml I1orizolltal  lill(!si[ldi(:atc

lnodcl v a l u e s  with k(1102  + () > 011 + 02, redllcwl 40( X,.

Figure  9 .  Salllc as figure 8, I)ut  for 260 (~llx ol)s(’rvatiolls 011 N{ WCIIIINI  30- I) Lx:eIIIl)w

2 ,  1996. l)ata  froln  tlIc tllr(’c! d a y s  liavc  Iwcli  collcct  (xl into a sillglc (Iilltiial ~wriod,

itll]lmvillg s/n to allow  tmttcr tiltl(:  rcsollltioll (30-90” lililllltc’s).

Figure  10. 2(iOGIIz  1102  sl)(:(:tl~llIl, ol)scrv(!{16-71  )111, N()\(:I[Il)(:~3(  )-1)  (!c(!II]l)c]2,  19{)6.
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F i g u r e  1 2 .  ‘1’lIc 249 GIIz slmtrulll of (I:}, ol)scrvcd  at, 1300” IfJ’,  A~mil lo, 1{)92. ‘J’lw

250 Kllzrcsolutiol)  [l:ita:ttcl c~}l(?s(:llt(:{l  I)Y tlLc l~istograltl. ‘]’lir dasItcfl  curve is tl~c! Imt

fit tot]lc data,  and tllcdottml  c[lrvc  is tll[’syllt} l(’ti([:l~ lissic)ll  lill(:cc)tlcs~)  c)]l(liligto tllc

standard  ~)llc)tc)~llcllli(”al  lnodcl ():] altitll(lc ~)rofilc. I’IIIs’s  ill(lica(c tile sylltlictic sl)(:ctrulll

c.()rr(`sl)c)llclit  igtc)t,llc l)}l~)tc)cl)(:l ]iic:illtl()(l(  :1( ):+ 1)1(lfil(>f01k(1102°  + 0 - } 011 + ()) rcclllccd

40’YO; tllissJJcctrllllli salItic)st ilt[list  ill~llisll:il)l(:  frolll  tllcl)cst f i t .

Figure  15. SMM as Figllrc 14 for 60 klil.

Figure 16. SaIIte  as l’igurc 14 for 68 klil.
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TalJlc 3. 1[02 10-1.5  ktti vertical rw)lui  im]  dat :1-:[10([(1  col~il)arisot(.
—

I)ate
.-

11 AJn92

23 Ja]193

3.%1)196

3(JNT()\’Wi

11)(’(’96

21)[’C96

3oN’ov
-21)[’(96

0800-1600

0715-1730

0730-1800

1 ()()[)- 1400

1 O(K)- 1400

1000-1400

1000-”1400

.

~lw’av(’  110’J(pp}n’)
(( J70klll

3.5940.85

2.483 ().51

2.983 ().46

2.37+ ().51

3.01 i 0.83

3.0340.31

2.863 ().28

@ ~()~[,1

0.673 0.3(;

().583 0.18

().75+ 0.18

().95:1  0.11

().89d ().23

().784 ().()s

0.854 O.(N

r[02(ol)s(’1’ve(l)/1102  (l)l[)(lcl)
,JI’1 ,91 rates

((i70~[, \

1.55,1 ().42

1.4940.39

1.38,1 ().29

1.09:1 ().29

1.3830.43

1.3940.2’1

1.31+().22

(iv60~111

0.9240.50

1.08+ 0.36

1.09:10.29

1.354  ().26

1.2830.36

1.12+0.18

1.2140.19

o. f3xl@I()’J+())
(t70klIl

1.1740.31

1.134 ().31

1.014  ().22

0.824 ().22

1.014 ().32

1.052 ().18

0.9940.17

((1 (jo~lll

().683 0.38

().794 0.27

().8()4 0.21

1.004 ().19

0.914 ().27

0.8240.13

0.8’340.14

,SuInlnary  of IIOZ lIl(wu I(’ti[m its. l,OIIR  ol)s(v  vat ions  all(nv  I et 1 i(n’als  \vit  11 t)mt alt it II(I[’ rrsol(lt io]l. hIcasuw-
. . .

Il)(vlt  Ull(’cl’taltlt  1(’s ltl Colutll  Ils  3 all(l 4 al”(’ t Ilc oll(’-sl{!,llla  s 11 (’I’rO1’s./ lJ]tmtai]]ti(w  ili tlw data to ~)llotc)cl[cl[~i(al
Inodd  ratios (colull]lls  5-8) illclu(lc tllcsc s/Ii  elI <n’s, as v(’11 as Illlccrt ailltics  duc to ~)1 css(lt e l)loadmlillg (()-8(X),
cali}wat ion (5%), twn~]wat  urc IJrofil(’  (3%), ar](]  111()(1(11 wwt (jr l)lotil(”  (IO(X ). 1992-1993 ol)sc]vat  ions  ~vcr(~  IIEi(l(J
at 255 GIIz, atld  1996 ol)s(,lvatiol]s  a t  260 (~IIYj.
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