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A b s t r a c t . ‘1’hc 1995-96 IIOItlIrIII  t~milis~lhcrc  (.NII ) wi])tcv }vas colder tha]l  ally

of the ~Jrevious  11’ N]] winters, with !c)])pcrat  ~lrcs colltill{[ous]y  l~elow t]lc type 1 l)o]ar

stratospheric cloud  (l) SC)  threshold fol (wcr ?  I / 2  lIIoIIt,}Is; u])])c] trw~mil)l)cric  ridg~s  in

late l’cb and early h4ar 1996 lcd to IIIC loJvcst  observed N]] w’il)tcl  lower stratosphmic

tcmpcraturcs, and t]lc latest obscnratioll  of N 1 [ tclrl~)crat  ur(s 1K1OW  t]lc  type 2 I)SC

thrcsl]o]d.  Consistent with tllc  UIIUSUZI1  cold al}t{ past tvidc]lcc  of cllclllical  processing 0]1

I’SCS, tllc  lower  stratospheric ozo]t(:  (0:3) (Ice.lease obscrvd  by IJAI{S  h41,S ill 1995-96

was greater tl)all i]) ally of the l)rcvious  1 N] I ~’il)t cm. 03 (Iccr(’as(d  thl’ougllollt  ihc

vortex over al] altitude r:illgc approaclli]lg,  tl]al,  (ypicallv SCCI1 ill t]if sout,l)crJI  IIclnisp]]crc

(S11). ‘J’hc dccrmsc bctwccll late 1 k al]d cat]j \4ar was A2/3 of t IIat ovm the equivalent

S11 period. I1OWCVCI , as in otllcr N] 1 willtcrs,  tcl[)]wratulcs  ill 1 W rose above I)SC

tllrcsllolds  before the spring;  cquilloxj so c(jllclitiol]s  colll})aral)lc  to Il]c S11 ozone hole

dicl not  arise. CO]u]n]] OS above 1 (1(1 Ill)a SI]OWC(]  a s]ndl]  dow]IwaT(l  t rm]d froln  late I)CC

1995 throug]l  car]y Mar 1 9 9 6 ,  irp]mm]itl~’  due t c1 tl)c lower  stratosj~llclic  03  dcplctioll.



Meteorology

‘1’hc 1995-96 N]] winter was cold(’] overall than ally of tllc ]Jl(l’ious  17 N]]  Winters.

h’ig. 1 colllpares  IIigll  l a t i t u d e  mi])i~,]lllll  ll,S, Natio)ial  Mt:t(:c~lt)l(Jp,ic:~l  CeI]tcr (NMC)

tcmpcraturcs  in 1995-96 at 465 K }mt,c]ltial  l,cilipclatul  c (~Q50 1~1’a) with tliosc in the N]]

a n d  S11 ill otllc]  years since  tllc  LJppcr Atl]]osJ~llclc l~(:scarcll  %tcllitc  (U A1{S) ]aullch,

and in tltc  13 ill] winters Imforc tlIc lJAl{fi  lat]nc]i. ~\ftm  1 IIec  1995, tc]npcraturcs

were below 195 K (the approximate tj’lw 1 l)S(’ forn)atiorl  tlircslIold  Ilcar  50 hl)a) on 89

days,  col I”l}mrcci with a previous N]] JIlaxinlllll) of 82 days ill ] 9!]4-!]f) [~?l?’ck ci. 01., ]gg6].

‘1’mnpcraturcs  WCN be low 188 K (tlic a~~p] oxilllatc  tylm 2 1’S(; tl)dlold)  011 27 days

during tllc  1995-96 willlm, as opposed {0 a ])rfiious  nlaxilnull]  of 1 S days irl 1983-84.

‘l)wo u p p e r  t r o p o s p h e r i c  ljlockill~,  rid~~cs 1 Iacl a ~)rofound cfl((t 0]] tllc ]owcr

stratospheric flow. l’ig. 2  SIIOWS 4(i5 K ]Ilalm f] 0]11 calculations of }Iigll-rcsolutio]l  (JK

Mctcorologid  Offim  (lJl{h40)  potmI( ial vorticity  (}’\”)  (usill~, tllc  II]dllocl  o f  Suiion

et d. [1994]) 011 2(I F’cb and  3 h4ar 1996;  sl[~)(li[ll~)os(cl  011 tllcsc are 465 K lJKh40

tcun~wraturc  contours  and  315 1{ (A,l;()(l  }11’a) l)\~ cc)] ItouTs. As IIotcd  by O’Ncill  ei al.

[1994] (and rcfcrcllccs  therci]l),  u])]~(’] tlc~ljc)sl)ll[lic  l)lorking  cvc])ts  (as cvidalccd  by t}lc

bucklillg  of tllc  3151< 1 ’ V  co]~touIs) alc assi)c.it]lccl  wit]] a ~)attel I] of low tclnpcraturcs

alld distortion of the vortex ill tllc lo~vtl st ratosphcrc , SUC1) Illat tllc coldest rcgioll  is

aloIIF;  tllc  vortex dgc. ‘1’])  us, very  IO}T tell IIJCI a turcs Mere located ] I car t)llc rcgiol~  of

stroIlgcst  winds)  so that large  anloul]ts  of air could  quickly cxl)cricllcc l)S(; processing.

IIigll-  rcsolut,ioll I’V fields i]ldicatc illtlllsioll  of (xtra-vortex ail into tllc vortex ill t}lc

d a y s  followil)g 20 l“cb, at 465 1{ aIId lci’cls  I)clt)tv. ‘J’h(sc 2 cvc]its  ill 199(; ICC] t,o t}lc

l a t e s t  obscrvatio]l  of 465 K tclll~)(lat,~ll(s  bc]olv  188 K ill tl)c  ill 1 (1’ip,.  1 ) and,  duril)g

tllc  f i rs t  of  tllcsc  cvcl]ts,  the lolvcst Nll  tcnll)clatures  ill tllc N’hfl(; ](cord (tl]csc  bridly

a~)})roacl)cd  values tyl)ica]  of the S11 at, t IIc c[juiimle)lt  t ilnc of j’(,al).

Wlli]c  eaclI AT]] wi]]tcr  sillcc tll(.: II A1{S lallllcll }Ias  i]lclu(l(d  j)(riods  o f  ul]usllal

cold [Zu7>ck c1 al., 1096],  the  1{105. 96 Jvilltcr Jv;s tllc  IiIost  ~)crsistcl)t]y  c o l d ,  wit]]
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tcmpcrdurcs  rel]lainillg continuously IJCIOW 19L K for 80 days. It wasalsc) tllcolllyj’car

sillcc t}lc lJAILS launch to be uIIIIsu;illy  CC)](I ttiroup;llollt  l~’cl Jrua Iy (lJig. 1).  Co]lsistcvlt

wi th  thcullusual  cold al]d ~)astci’i(lcllct:  ofllc>tt]ogcllc:(  Jlls chelllistryoll  I’SCS, the UAl{S. .

M i c r o w a v e  l,i]nl) Sounder  (MIS) OINWIVCC1 tmlii~liccd  (:10  ill tllc  NTII vortex in mid- to

late-l  )cx 1995, w i t h  mostofthcsulllil  l)(ntioll  tjftllclolt{xfille{i  ~vitl] ]Iigh CIO,  and

vortex-averaged values  higher than pl(vious]y  ol)sctvc(l  at this til[lc  [Sanicc ci al., 1996].

llurillg  11’cb  1996, lower stratospheric (~lo  was as l~i~,l~ as ~Jrmiously  olx+mvcd  by MIS,

atld  high va lues  ~mrsistcd  il]to car]y  \’lill’ 1996 [L$’(l?It((  t:i a / . , 1 99(;]. ‘1’lIc unusual a]ld

pcmistmt  cold and the chlorine  activdtio~l olxirrvcd  b) M 1,S illdifalc  the likcli}loocl  of

greater chemical Os dcstlruction  ill tltc I 995 9G willtcr  tll:ill  IJrcviously  observed ill t}lc

Nll. WC prcscl]t })crc M1,S 03 ohs(:l  vat,iolls  wl)i(h  collfirlll th is  cxl)cct  at,ioll.

Data and Analysis

‘1’llc M1,S Vclsioll  303 data and  validation iiI’C dcscrilwd l)y l’i(~idrvavz  d al. [1996].

Vcrsiol] 4  d a t a  a r c  n o w  bcillg  pro(luc(d  :IIId  \tiil IN SIIOJVII  cxcq)t \vlIcl  I coInpariI]p;

dircct]y  to observations in l)rcvious  years fo] which Vcl sioll 4 data arc not yd available.

Version 4 changes include rctrimml  of lINOS  ill Lhc SaIIIC lMIIC1  as the 205 Gllz 03 data

prCs(HltCd IIcrc (Sc(! ,Sa?licc  ct. 01. [199[ i ] )  and  lcfilIclIIclIls  ill tallg[’llt  l)mssllre  rct,ricvals,

fidd-of-view pointing  and cstilnatd  c1 ms. \lfl sioli 4 03 (Iata at .1 (L5 K are 01] average

NO.2-O.25 ~)l~lllv  l o w e r  than Vcrsioll ;] data il) tllc  j)olar  rcgiol]s  (lis(ussd  llcrc.  l“or

bot]l  vcrsio]ls,  prccisiolls  o f  illdivid(lal  ():+ Illcaslltc](]ellts  ale tyl)ic;llly  wO.2 JjpIJ3v,  wit]]

absc)lutjc  accuracies of 1 5-20% ill t}lc  lCIWCI  strat osptlcrt. ‘1’0 co]lsc]ic  t}lc lifctilne  of the

M1,S stall IIldlallislll,  f u l l  vcrtica]  sc:ilillinp,  l]](:~s[]lclll(r](s  Ivcrc takeI]  01] o]]ly about

2 days out of every 3 during  t}lc ]101 tll-lookillp, l~criods in Noi/1 )(L{ 1995 a]ld lJcb/h4ar

1996. 1]1 addition,  a I)M)l)lcII1  wit]) tllc [IA1{S s])ii(~c~]afl caiIsml h41, S to l)c tur~)cd off’ 01)

4-12 I“Cl)  1996.

h41,S da ta  arc griddd  by binllil~[:  aIId illtcr,i)olatillp;  24 h of d:lta , alI(l i]]tcr~)olatcd
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t o  ismltropic  (potmltial  tmnpcratlll  c, O) surf acts using  lJKiVlo  [.$winknk  and 0 ‘Ardf,

1994] tcmpmaturcs.  I’V and high rcsolutiwl I’\) fields [SutLoT/  (i al., 1994] arc calculatd

fronl  thC  UKh40 ana]yscs. ‘1’hrcc  dililmlsiollal  03 tral)spo]  t calclllatiolls  am done  usillg

UKh40  IIorizont,al wil~ds, coln~)utd  dial)atic drscc]lt  lattx , a]id a lclcrs(:trajcctoly

procdurc  l i k e  that  o f  Sutton  c{. al. [I!)$I],  1.)uI includillg  dial)  atic. {flk’cts.  ‘J’llmc  are

run  0]1 bo th  a  4°  by 5° latitude-long,  itll(l(:  p,rid [~40nnty  (f O1., 1995a,  l), 1996a]  ( f o r

cxaminatiw)  of luany  levels and til])c  lmio(ls).  a,lld a IIig;ll-]csc)llliic)ll  (0.8° equa to r i a l

spacing) equal-arm grid (for cldailcd  cxalniliation  of individual da~s  and ICVCIS). U}{h40

mdcoro]og;ical  data arc US(:C1  ill t,hc a~lalysis  of hll S 03 to }W collsistcllt w i t h  t h e s e

calcmlatiol)s.  lJKhIO N]] lower st]:~tos])ll(ri(  tcl[l~mat~lrcs  arc usually 1-3 1< higher thall

NhJC  tcml)craturcs  [A4anncy r~ u1., 1 !)!)(it J]; aII cxcq)t  io~l is duril]~,  tlIc  ridgiIlg  cvcmt

around  2 0  11’cb, WIICII UKh40 tc]n]m aturcs w(>T(! W3 K 10WW tl]aI] tllosc  fro]n Nh4C.

ozone

F’ig. 3 shows 465 K N]] vortex-alt:lzt{;c(l hl 1,S 03 cluIirlq;  199596 aIId tllc previous 4

willtcrs.  As IIotc:[l  above,  tllc  Vcv siol) 4 avcra:,(’s alc fio.n ])])1 IIV IOwr th’wl tllosc!  fol’

Vcmioll 3 (whic]i  call bc dircct]y coIIII)arc(l  with plcvious  ycam). l’ig. 4  shows 465 1<

h41,S O:j IIlaps during  the 1995-96 Nll  wIIItcr. \fortcx-  avcra~,c[l ():j ill early 1 )cc 1995

w a s  sill)  ilar  to ~)r(wious  vcars,  but  IIIC illclcfisc  duri)lg,  lk’c was slip,l]tly  snlallcr.  ‘J’llis

diffcrcncc  is tl]oup;llt  to bc prilnarily  dtlc to  illlf:raTlliual  diflcrcllccs ill tllc  dcvclol)lnmlt

of the polar vort)cx  and associated trallslml  t; cl)lnl)arisoll  wit}l trallslmrt calculations

suggests  ]Io cvidmlcc  of chmnical  I(HS at this  tilllc.

IIctwccll  251  )cc 1995 and 29 ,Ia]l 1996, 4(;!) K voJ tcx 03 dccJ (ascd slig;lltly  (1’igs. 3

and  4). Slllall dcc.rcascx (w5%)  were olm:rvcd lIp tlI]ougl  I 585 1{ (J1’cr tllc’  salnc l)criod.

III .gc]icral,  tralls])ort  l)rc)ccsses  alc cxl)ect(x] to illclcasc lower  strtitosj)lleric  03 at  this

tilne,  tllroup;]l  rcl)lcl]islllllc]lt  I)y dial)tll  ic dtwxllt. ‘J’ral)sporl cal(lllatiolls  011 tl)c  4 °

by 5° grid snow illcrcascs  of 10-] b%, }vllicll,  c{)[nl)illc(l  with ol)seJ  v(:{I dccrcascs,  g ives



e s t i m a t e d  cllmnical  losses of WI 0(% a]ld ,-.f20(Y~  at 465 K altd 58!P) K, rcslmtivc]y,  m’cr

tllc  period; sensitivity tests usinp, difli:lcllt  il~it ializat  io{l days aIId/or tllc  lligll  resolution

calculatio]ls  snow very silnilar rcsllltsl

1 )urinp;  ]1’cb 1 ~~6, 465 ~{ vort(:x-.  alctagc{l  ():, d(~~~iise(]  ra])jdly,  with ]al’g;cst  dccreascs

wcl] within tllc vortex. IIy early l(cllmaryl hi~,l)  ():J is cxjIIccIItratcd  alo])g the vortex

cclgc  (1’ig. 4 ) .  IIctwccv) 29 Ja]l a]ld :~ hlar “19!)(;, vortex- avcr:igccl ():; ( l“ig. 3) dccrcascd

by wO.017 l)pIIlv/d  or wO.7Yo/cl.  1’101 coI]Jl)aIis(]Il, tlIc dccmasc oifrI  tlIc lmiod shown  in

I’cb/lVlar 1 9 9 3  i s  ~0.012 ppmv/d 01 QO.l(X’I/(l.  lli~;ll-l(:s(jllltioll tlallsl)ort  calculatio]ls

without chemistry for ~Jcriocls of CW3 weeks (l’’ip). 5 )  SIIOW calculattx] 03 ill tl)c vorkx

illtcrior coIlsidclably  IIigllcr tlla]l tl~al olmv vcd on hot h  20  l’ct.) aIId 3 h4ar. 011 2 0  1~’cb

1996, sillcc higllcst 03 is along tll( Iortc:t cd[’,c.,  the disto]  tioll of t}Ic flow by tllc uppc~

tmposp])cric  ridge leads to the intrusion  of hif~hc?> 03 into  t}lc vorlc’x  ill the transport

calculaticnl.  A slight i]]crcasc  in obsc]~c(l  l’(>li(x-a~’er~~gc(l  0:{ (l’ip; . 3) was also seen at

this tilnc.  l“i]anlcllts  of }Iigllcr  ():j ])l]llfd  ofl tll(:  vortex over tllc l’acific  (l’’iF;. 5)  appear

to correspond to IIigllcr  03 rc~;iolls  irl tlIc M 1,S obscnmtiorls  (1’i~,. ‘1).

A vor tex -avmagcd  03 incmasc of wO.005 ]Jl)I1nv/d  at 465 1{ is cxlmtcd  duc solely

to transport  l)mc.csscs  during  l“cl) 1 MM (lJip;.  (i), lcadillg  to aII ml ilnatcd chcmic.a] l o s s

r a t e  o f  MO.02 I)I)Inv/d  or NO.8%/d.  (’tlrnlical  dq~lcti(~l]  is II Iaskcd  I)y transport  to a

lesser  dcpycc t}IaII  i)] l)mvious  willtms, vk’IIct  I tra[lspo]  t cal(ulat,  ions ilrll)ly 03 illcrmscs  of

N0.00T })})Itlv/d  (1 994-95,  AIa?~ncy C( CJI. [1 996a]),  c.(I.OO9 lJp]I~v/(1  ( J 992-93 mid 1993-94,

llan?l[:y  Ci al. [1 995a,  b]) and 4).01 l)l)Inv/d  (  1991-9?).  I;VC]I  wit II a s)l)allcr  il]crcmsc

dllc to tl”all  sport, tllc greater obscrv(d  I at c of dcclca<(>  r(sults  ill a faster estil]ltitcd

c.llclnical  03 loss rate in 1995-M tlialj ill [)r(violls  N]] Ivilltms  obs(rvcd l)y h! 1,S.

l~ig. ? sulnlllarizcs  tllc  0:+ loss OIWCJ vcd l)y N11,S over t IIc I!)!9596 Nll willtm,

s]l OWillg dlallges  ill ]OWCI” Stl’at,  os))]lcl  i(’ 03  ]) Ci\VCCll  24 ] )(>(: 1 !)$]b  21 II(I 3 h~al’ ] ()!)6 aS a

fhllctfion  of cquivalcllt  latitude (l)\l  cxl)msscd  :-s tile  latitude tllal, would cIIcoIIIl)ass

tllc  sa]nc  area as tllc I’V colltourj  SW, r.g., l~uchn)l  ot~d lic711.s6( rg [1$)86]) and 0. 0:1
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dcmcascd  Lllrougllout  LIIC v o r t e x  (cfluiia]cllt ]at itude  ~I,rcatcI.  t]la]l ~.,600) IJC1OW  N550  K.

‘1’his  is ill cor]trast  to previous years: ill 1992-93  aIld 1 9 9 4 - $ 5 ,  ]arg(! Os (lCCIWK!S

(cdculatcxl  over the san)c  lmlgtl)  of lili)c, fo r  a  pclio(]  cllccnll~msillg  tlIc tilnc whcIl

most 03 destruction was cxpcctcd)  were collfillcd IIcar tllc  vortex cmltcr  and below

N520 K; in 1991-92 and 1993-94, w}licll  ilIad sllortcr  cold periods,  little dcxmasc was

scxm.  ‘1’llc pattcnl  of dccrcase ill 199596  i s  qudlitativ(ly  silllilaT {0 that  in rcxmlt  S11

winters, and the lna.gnitudc  of the dm rease  is “S2/3 1 lli~t  ovm  tllc  cquivalmlt  S11 period.

I I I  contrast  t o  tllc  S11, howcwcr, tllc  Nll  firIal  uarlrlillp,  ill 1996 Ixy,a]l  ill early h~arcll

(as is typical in tllc N]], l’ig. 1), so little addi{ iollal  cllcmical  0:,  loss was cxl)cctccl;  ill

tllc  S11, tclnpcratures  below 1951< a]c typically prcscllt  for 1-2 IIlo]ltlls longer, and 03

collti]lucs  to dccrcasc  for N] Illontlll  after tllc  sl)rillg cquillox.

Maps of h41,S coluln]]  03 above IO() 11’a, ~vith 46 11}’a lJKh40  t (]l]pcu  aturc contours

overlaid, arc sllow]l  in l’ig. 8. Colulll]l 0:{ tcllds  to hc cor]clatcd ~villl  lo}vcr s tratospheric

tclnpcraturc  and has Lccn observed to Im CX1 I(mcly low during  II])]Kr  trol)osphcric

blocki]lg  events [e.g., })ctzoldt ci 01., 1994, al](l refcrerlccs  tllcrcill]. Sillcc colLImll  OS is

not, ill gcl Icral, cxlxctccl to  be corlelat,cd  lvitll  t}lc  vo] tcx ( c f .  l“ip,so 2 and  8), l“ig. 9

illdicatcx  the tilllc tlreIIdS by sllowill~ tlIc avcrap,c colul IllI ():{ ill tllc  re~;ioll  t ha t  i s  bo th

IIorth  of 40° N a.lld WIICIC COIUIIIII ():} is less ~lIa II 260 IJIJ (less tllali  25(I I)lJ  for Vcrsio  Il

4 ,  duc to tllc bias hctwccn vcrsiolls).  III t}lis  alI(rap,c, mluIn TI ():+ almvc  100 h})a in late

l)cc is lower than ill previous years. ‘1’l)is diff(l(’11(~  is Iikc]y due ~llaillly  to intcranllua]

variabi l i ty  ill dyllamica] procmscs  or ill chmniral  ~fr(wts otllc]  tl)all t IIOSC  associated

wit]] IIctcrogcncous  chcnlistry  011 }) S ( l s , :;ill(-~  siglli(ictlllt  c]lclllica]  dq)lctlion  by t h i s

lncc]lallisll]  is  IIcit]lcr  cxl)cctcd  nor  ol)scrvcd  at this tilllc.

l)urillg  }“cl~ 1 9 9 6 ,  coluln]l 03 valid OII a 1 imc  sc:ilc of a fc~v (lays; colnI)arisoll

of l“i?;. 9 wit]] 1+’ip,. 1 s]lows t h e s e  variatiolls to I)c co] lela.tcd  wit 1] clla]lp,cs ill 10WC]’

stratos~)l)cric.  tclll})craturc. \\~hilc (oIuI])lI  ():, Irtllllcs  flu(tuatcd  fro]!) day  to day,  l>ctwccll

]atc I)CC 1995 and  car]y Mar  199(i t }Icrc was a sn)all  OVCJ all dccIcasc  (FWI O l)lJ) that
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Inay  r e f l e c t  tllc ohscrvd cllclllicd ():{ (Itp]el,ifjll  ill tlIc lo~vcr st,ratc)sj)llcrc,  ‘1’his  dccrcasc

was at least twice that ill any  of tlIc l)rcvi(jus .1 N]] ~~fil]tcrs ov(’I  a silllilar  period; iIl

1991-92 and 1993-94,  illcrcascs  of about  this }Ilagllitu(lc  were SC(>II, }\ltlIouglI  chmnical

03 loss iI) tllc N]] vortex was obscr~d  at SOIIIP ti]nc ill cacli of tllc  5 wi~ltcrs since tllc

lJAl{S  launcl),  t IIc 1995-96 wirltcr  was u]liquc  ill that lowm strat mj)hcric 03 dccmasd

t h r o u g h o u t  tl]c  cntim pmiod frol)l latt’ I)c( tllroup,h farly Mar. h!orc sustaind  l o w

tcIllpcraturcs  alId g r e a t e r  C 1 O  CIIIIiiII((II-ICIIt  [J$anj(c  (/ 01., 19$M] (Iurillg  this willtcr led

to 03 IOSSCS suflicimltly  la,rgc that t,)l{ cfrcct 011 COIUIIIII  03  was  IIoticcaljlc.  N]] o z o n e

dcplctiol]  Coll)})arablc to thai, ill lIIIc S11 w(jul(l  require hot }1 l)crsis(  (llcc of temperatures

bc]ow 1’S(; t]lms]lo]ds  after t]lc sprillgl  cquilloxl  and  tclll~)c’1’atlll’cs  dill’illp; ]atc Willtcr and
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Figure 1. Minil~~uIn 465  K NMC VI. II(CX ILclllp[latulcs  {luring  tlIc 19{)596 N1l winkr (cyan

]iIIC),  COIIlparCC] With the eavdopc aJId avcra~c  f{ II’ the ] 99]-  92 throu?,]i  ] ()!)4-95 N]] w i n t e r ’ s

( d a r k  slladillg, wllitc lille), the CI,VCIO]JC and al(’rage for t,l(c I {)7S’  79 through 19!30-91  N]]

winters (Incdium shading, yellow lillc),  aIId  the fnvelopc fol 1!)$)2 tll[oup;h  1995 S11 winters

(light shading,  S11 c.urwcs begin 1 Ju]~Q).

Figure 2 .  lligll-resolution  LJKM() 4C5 K  I’\J (CCIIOIS), 165 K 185,  19 0  and 195 1< lJKh40

t,empcrature  contours (black)  and 315 K I)\’ contours  (wliitc)  011 20 l’et) all(l 3 Mar 1996. ‘1’hcI

l)rojcctio~l k ort]iogra})]lic,  wiLl~ 0° at I,}IC l)otts)III aIId 90( ’1; to t,l)c rip,llt; dashed  ]incs a re  30°

and 60° N.

Figure  30 V o r t m - a v e r a g e d  0~ (p])]fl~)  fol I l)CC t,h]oup,h  20 Mar. OI)cfI  cyan circles show

Vmsion 4 h41,S dii.ta  in 1995-96.

Figure 4. 465 ]< MI,S 03  ou 21 1 hx 199!), 29 Jan, 20 ]<ch and 3 h4ar 1996. layout  is as ill

F’ig. 2; 0.25 and 0.30 x 10-4 K In2 k~” 1 s“” ‘ I’V c(,lltollIs  are overlaid.

Figure 5. IIigll-resolutioll  465 K (l:j (JjI)tILv) fmlll  LrallsJmrt  calculations  oft 20 l~eb a)ld 3 h4ar

19!36. I,ayout  is as i}i IJig. 4.

Figure 6. obscrvd  (black circles) a]ld calculatwl (Iiuc) 0,1 c.lIa IIp;c fro]ll 30 Ja]l through  3 Mar

] 996, a]ld c}lcl)]ica]  ():3 ]OSS cstimatd  flulll  t he-c (~ rey LJ ia!lglfs).

Figure 7. C)lmrvd  03 ctlallge (])JJItl\)  Iwtu(cll  ;’4 ])m 1 9 9 ~ J  slid 3 \la J 1996,  ill equivalc]lt

l:ititllcle/fl-sJ)ac[’  (see text). l)asllcd  COIIt  OIIJS il]dicate tl)at 0:{ dccrcascd.

Figure  .!3. A s  ill l“ig. 4,  hut, for colu Imt ():{ aimv( 100 ]11’a,, 46 Ill)a tclllpcraturc  contours of

]8~, ]go aJId 195 ]< are ovcr]ai(].

Figure 9. AWI:I:,C CO] UIIIII 03 polcward of 10°N for CO] II IJIII ():, < ?(jo  ] )1] (< 250  l)lJ  f o r

Vcrsiol]  4) froln MI,S during  5 N]] ~~i]lt~’ls. Syltil)()]:. all(l  Ii]le styles alc as ill l~ig. 3 .
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