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NTRODUCTION

Fourier transform infra-red @fIR) measurymenls^gj sratospheric trace species have been made

ar a nerwork ot n,r" gro,r:rrl'-Ëià'Ët* i-"r rs'n ;+idN during thé Northern hemisphere

rvinrer of tg95t.gg6. ThËlrî*r";;^"ii*-"fy ."rJ iN*:"r.u"t & Putton' 19961 with

rÈmDerarures below the,nî.nàiiiî, ryp" t potar,si",otot'tiit cloud IPSC) formation from mid

Decèmber t995 until ";ï'M;.;'iôb6 
*ï.n tr,.Ëï'* t ,upid warming of the stratosphere'

Over 25 days experienc"Ji3;Ëil;io* "nough 
for ice clo''id (PSC Type 2) formation'

Verticel columns i;ïJt'i;;ù-èr' ôroxol' HË;;à lr'{ô' have bêèn derived from FrIR

measuremenrs at rhe foil;\îi;;fi;,^ù,i À;:"na. sii"u.tg.n (i9"N. l2' E): Kiruna' sweden

r67"N.21" Er, U*.rrui.*N5ri"ïrô,j"N. rr. eiirr"iSn. Èngr*a (51"N 0" E) and the

T'nsfrauioch, Switzerlanâ iàî"N'4"'gl' with measurements of other stratospheric trace gases'

inct*uoine 03 and Clo t"ïttàîte it"* t"àt 
"ï 

trtt tutt eli-oi these sites are equipped with high

resolution Bruker rzod oi rzoM spectromet.".'t..*oing atmospheric snectra in the mid

infrared using rhe S"^ * " 
r";;;;.'Viie a.tuils. "i;ù;;;"ïig"ration'of 

the ipectrometers and

derails of rhe analysis #Ë;il;'oirr.r puutl.u,ià"t re.il et al' 1997; Gaile et al' 1996:

Blumensrock et al. 1997: Notholt et al. l99f: Zut.i'.,'"1. iSSSt' Guidance on the levels of

uncertainty inherent ln tnËse measurements is given in Paton-Walsh et al' 1997'

MEASUREMENTS

FizurelshowstheevolutionofthechlorinereservoirsHClandCloNo2,andalsotheratio(HCl
+ 

-CtONO.)nff, fr"* "ii;;*".y 
,à',frà ."a of trlarctr 1996 at the 5 sites' This ratio removes

much of the narural ov"î""tîiitÙih'ry in columîèil Aot" can'be usgd as an indicator of

;Âr;;"" acrivation. r*I'ëiipË.,îË;'.1 :j,g:ïi1.. 1;*:ru1'*î,ï^ili'olï"lT"i'Ë,:F!
:m;f^t":t*:,iâHioï":*,:t'f:.î i,l'i'if;'!,:ïËiÀïi.o-^lÉ*r, 'it. 

u''e it'' sLnr'r'c1r

3D cTM with all ,p""iÉ, initiated as inactive îu*rtl and the measufement uncertainties'

Estimates of the 2o li;; i;;;;LtiÀn_g!-1n1ûlëi^icloNo2)ÆIF ratio' in the absence of

hereros.eneous.r,.*rtrviîr:li to sJ'àisr"N; :.iià s.s-"t 60" N and 2'3 to 6'4 at 67o N were

made in this wev, "k"i;;# 
qt;"t"* uur"' oiir'l i"l'o-*htn t!'1:t't" was located outside

rhe oolar vortex (PV :i;ï'ioïK*?tg')' vt;ui;-me;t; ;f the (HCl + cloNoz)/gF ratio

rvniôh fall below rhese )"li,nri, are thereioie go"îi"a."r"rs for chlorine activation' lNote that

rhe HCl columns rro* ri*nu, 67.N, are **,orpË#J'";i;."r only and so are in the range of

ii%l;;;tr'* t|; 
fin#X',îiti"i"ffi,loro* rrom the network. or sites (Figur-e r")-llq*:

an interesting episode iï'"tio Ëtu*"t)'' on Ptutù* 
-i+tt''' 

auy 45' extremelv low (HCl +

ctoNo,)^{F ratios (< iï;:ï àtl"i'ir 
"t 

t"lh iiËi" unâ'HïÉt*u' 
'Figrrre 

2à' the ECMWF

norenriar vorticity ,pvl'*iùriri"ir,à-+rs r r.u;Ë'i2 urF"bruary.laù. shows both Kiruna

^end Haresrua *.rr inriàiif,'J"lîrài'p".-,iry taî l"Orrtnt,&gs)' Tiris suflsests that there was

tarse scale acrivarion ;i,hi; ,i. polar vortex-at ilt: it;.' 
"I;;;ài'i"gjv trtt t"fict * cloNo2)/HF

rerio measured 
^t 

Lr"d:;:^;i;N i;;lt" iig,rin.tntil'r'o*. lz'ei ath*'gh the PV at l2 UT is onlv

28 x l0-o Km-/kgs 
'Ïia'ir.Ià' t;;Ë';Ë,';. ^#J.',ih;'irfés]rord .i91 isc formation' rhe

measuremenrs *.r. *iàJ,r.i,*" îÀ"i, "*i,"iù"t*..n 
ïS.:0 and 1030 UT suggesting that

there was either activjiiîî';;ri;" ,i;; ;"n.* o. tiîtiuni*i-Ini^i"g of air from the edge of the

polar vorrex. rr,i, "rJiîâià-."î"*i".0 
u, ru. ,o,iJrt il'iiit ï"tgii"".ioch' where the measured

iatio was normal' -l^NTr'r- \ruF râtin âr Hârestlra had climbed to 3'5
Bv dav 49' February 18th' the tHCl +.CIONO't/HF ratio at Harestt

despite rhê taèt that ,h;';,î,i";ï;ïin]"1"a *i,h;^À; ;;*io**at the vortex edge with a PV

305



(ClONOr+HCl) / HF

ctoNo2

--l

r o-lHF
JL - -r-

47N

OaY Flelâtlv€ lo 1,/1/96

Flgure 1: (a) (HCl + CIONO2)/HF râtios; (b) cloNo2 columns; (c) HCI co(umns and (d) O3lHF.atlôs

trom sitês ât 79-N, 67oN, 6OoN, 51oN, ând 47oN trom mld-January 1o mid_Aprll 1996.
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Figure 2: ECMWF potential vorticity analysis from (a) 14 Feb; (b) 18 Feb; (c) 19 Feb & (d) 29 Mar f996,

value of 46 x 10-6 Km2/kgs. (See Figure 2b). The London value is 4.0 with a PV of 2"/ IO-
Krn2&gs. The following day (50) the polar vortex has swnng south, resultirg in London being at ,
sirnjlar p^osition at the edge of the vortex as Hæestua was the previons day, with a PV value of 46 :'.

10" I(n'lkgs (See Figure 2c). However the (HCl+ CIONOz)ÆIF ratio_at London is i.8, and -
Kinura and Harestua, both deep inside the vortex (PV > 53 x 106 Krn2/kgs), the (HCi -
CIONO2)/I-IF ratios are 1.6 and 2.0 respectively. Thus the rneasurements frorn day 50 suggest th:.
the vortex is higtrly activated and possibly well rnixed even out to the edges of the vortex. I--
contrast the evidence frorn the comparjson of the measurernent made at Londou on day 50 wit-.
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:.:::madeatHaresfuaonday4gsuggeststhatthevortexedgeitselfisnotwellmixedbuthighly

=.ot"rËïi#3i]tï;^, 89 all these 3 sites are well within the polar vorrex again with PV >

- i'-o'ii;ih;r,'r*^Ès1;zî, Ë"ïir..lircr q cloNotÆ{F 3i19s are-{l of the order of 4'

-:r,,.ins thet there i, ro Sgttifi.uti.iio.in. activation pËttnt in the vortex this late on in the

--;;.'"M;; Ë;;';;i;hi,"J;;;;i;;,i;Jchlonne inro is normal reservoirs can be seen

- Fi-zures lb and 1.. ï,'"'a*1ôi6;;;i;;t ; hi;hiv variable during February and March'

.,_.iiîiy i,iîaË';isË, i;iitù;;6ù1\ uno oz'r.r *fr.ié .otu*ns range from less ùan 2 x 10''

- :tecules cm - ro n op ,n* ài i.tf ;;I"";ig;.À1. rtt" very high CtONOz columns (above 7

. 0r5 molecules cm-' ) Ëil'ûù 8l are indicatiut Àf dtu"iiuuùon of chlorine from Clo and

-. oz and recovery *.'ËtôNïi'ïrtË-"tïrt"â ai"p i1t ctoNoz golumns after dav 85 is

i:ompanied by an increase in ïôi .ofu-n. * *u.it-6f *,e ciloriné i; converted into the main

,:,orine reservoir (HCl) as recovery contlnues'

Figure 1d ,to*, i ;:;;ib/HË ïlom 67"N. 51'N and 47'N. Ratioing the 03 against

--l his.hliehts chemical tf,":"gttîy;;;uinJ*utrt oiihe narural dynamical variabilirv' as with

' : rHtl i ctoNornrr HiiË:t;J";"'ËtE;*;t variabilirv oi this ratio is greater because

_: ihe subsranrial differen^À;;A; if ana O: ioncentration prohles T.he expected 2o variation

:: rhis ratio at Kiruna, ;;;;;fi rh" Jr"gf*"J""tttt^ u..n.ulculated to be 3.1 to 10.9; 3.7 to

- 1 and 4.6 to 9.6 ,.rp..,iîËùl"ir.*ri"tiii^ri or ôym values within the polar vortex from

sluna (67"N) *" 
"o"'i'Ëniii' 

r" ï' î"tlilf ito- +'l to 3'4 but never falling belorv the lower

-r iimir ror the site .r 3.i':ri;i.;;; r;;iïtïi:"iii ;ig"in.i.tl"* uuiu.' or o.fu were measured

::rins the occasional "*.;;;;; "fthe 
polar^vo{ei'àu.t t-onoon (days 50, 88, 89 & 92) and the

:nsfiauioch (days 89,91,105'106'107 & 109.)' fntt" piouiOt evidence that areas ofchemically

::oieted-o; existed rn tiiËïàtirtèà hemisphere *-t'uiiu * mid February and as late as mid

,.JiË;;ru;ff*Ë;i;"^.t ôronË o"pletion exien de d into the middle latinrdes'

COMPARISON WTTH A 3D MODEL

The vertical column measurements of HCI' CIONOr and HNO: at all of the sites have been

:omoared to tne ouçuiîî;iînl-CÀf, u !h,g9 diâ"nsional chemical transport model (3D

cTM) describ"o in ctipiàmîrJ.t "i, 
isse. Fid;; ja and 3b show the measured and the

rodelled HCt and cloNiË':;i;']r3i ti'.-ri". ri* rto* earlv December until late April' The

:nodelled HCI columns;;'Krffi, 6?"N agree extt"*"rv weli with the stratospheric columns

neasured at this site fr"*;î3t to Ouy dO. The agreehent is not so good at the other sites

where the t.opo.pt,.ri.ïtiËà"iriU.i m ft in.frO.Jin UtL *""rut.*.ns but not in the model)'

rndgenerallyworsensasthewinterprogresses'sugg"stingadivergenceofthemodelledvalues
rrom the measurementtô,o*o, 

columns are generally significantly lower,than the measured

'alues, 
especiutty ut tr,îïgiér-turi,ua"r. Th; ;;J"i alio fails tô. reproduce the very large

fluctuarions i' tn" ,priigriili'ciôlîôr "ot-u-ot "tt-utteristic 
of thè more northerly sites

\especially Haresrua.6#fi'rrd-o;nu. OZ"Nr. ih; significant because it will cause the

model to underestimatJttà contriuution to o"on. àËpi.tioi *iting from in siru photolysis of

CIONOz eroded from the vortex'

CONCLUSIONS

FTIR measurements at a series of European ground based sites during the 1996 Northem

hemisphere *int", tu*î;;;"rJ to-prôvia"îottt .uia"n." of substaniial activation within

large areas of ttre polar io"neî'unJof ruÉr"quent 03 àepletion' The measurements suggest a well

mixed central uorr"* uiàu ,unoonA"O Ui " "ohËi.dle 
that may be highly variable in

composition. rn. ..*îr.ï;;ir-;;" proyi{g *ià.n." oi substantiai mixins of activated air

from the edge of ,h" Ëi;^il;- irnJ*oor.^l;fià"r. ô;;;*.on *irt' tÈ'e sLIMCAT 3D

cTM hiehlieh,, ,r,. u,liiËrirïi*"'"i ôiôNb,-;;"..ntrationi in the model, with subsequent

i-ïr i.otioniior underestimating 03 loss'
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Figure 3: Comparison of SLIMCAT modelled columns of (a) HCI and (b) CLONOz wirh measurementr r
79"N, 67oN, 60"N, 51"N and 47"N from mid-January to mid-April 1996.
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