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Al)stract

(;(() ])()t(’l]tit  Il ll(if~llts o f  (OIIstaIIt  ]) I(ISSII](’ Slllfiic(’s  :11’(’  I’(’tl”i(’[’(’(1 fl”olll (:1’s
]it(lio  oc(’llli:ili o]]”  (I; I1; I. 111 01”(1(’1” 10 ass(’ss d(’(’lll;[(’j’, a sLIl)s(Jt  o f ”  (l;Ita ol)tt(itl(,(l 1))

(;l)$/h’ll;’l’  (ll]ti]]~, Sl)IiIIp) l!l!)r’) ;111(1  Sllllllll(’1”  1!)$)-) :11”(’  (’olll])al”(’d  to [II(’ 0 1 1 1 ]  ) 1 1 1  (;[

11)(’ lJx:M\4’1” $, IOIM1 1110( 1( ’1. ‘1’11(’ l’()()t  -111(  ’:111 -s(]llill”(’ lil(’:I slll(Llll (’11(  (1101 is ?(1 111(  ’{(IS
till’oll@loul tll(’1l] )])[’l”t l”OJ)os  J)ll(’I’(’ttll (l” lo\i’(’I’s ll’:llo s])ll(’l’(’.” IF(ll’(ll[’l”ll  lol”(’, tll(’ l’x;Nl\Yl~
$)lol)al 111()(1(1  colllail)s  (JIII:III((Y1 (’IIOIS ilt 111( SolI1l  I(ast l)acifi(. III ])l”ol)i}l~,  tll(’(l:ll;l
for ])ol(]lti:ll utilit): ill (ii]]]; ll(,sll](li(s,  a ll;l~(’Siilll  illtcrl)olatio]l” tt(ltl}i(~ll(is IIS(,(I  10

111:11) tlIc p,(s(J])ot(~IItI;Il  l](:ip,llt fi(l(ls irl tlI(J III)I)(LI  tI()])osj)l I(>K’  CIllrill$, tlI(’ suIIII)I(~r. 1 )(-
s])it(~ lil]lit; tlio]lsoftll (’” (;l)tS/hll’;’l’  (Iata S(I(. [11( ’p,lol)dl ii\r(’I’il[),(’:{ (lo II}l):l]p,(()])()t(l]ti:ll

II(i{l,lll ()\(II  :1 l}Y() \ffc(l{  ])(lio(l ill SIIIIIIII(I I!I!)T) i~ (l(,terlllill((l JYi(ll  tIII ;I((III~I(:j:  (JI ‘i

lll(>l(’l’S.  I\j’ ol)lilillillp,  gl’(’; ll($l (’()\ ’( ’l;lp,(: {111({ l):~lti:llly  1(’soli’il}p, sj’l)oj)li( vdlia})llll~,  il
f(]t[]]((()  ]lsl(ll:ili()]l()f  l(j()]I)il  i]lp, ](((i\(ls(()(ll(  l()l)t;]i ]l{\l()l):il  tl\’(’l  il/l,(’ f~(’OJ)oi(’]]lii ll”

ll(si~)lll (’Slilllill(’S  ill 111(’ 11])1)(’1’  ll”()])()S])ll(  ’ 1 ( ’  tvitl} ;111 il((’111’il(’~  of 1 111(’tc]  Cil(’11  (Iii)’.
A({(llil(j \\OIil(l 1)( sOIII(\\lI;  I[ \V(IIS(I  for l(~,io]liil slll({i(s, (sxc(I])l  it] III( I]()])i(s \~lI(LI(

sy]i(j])ti( \;iti:ll)ility is [1(]) 1(ss((1,

1 .  IIltl.c)(ll](”tic)])

h4(;lsllrillp,  fyw])ot(]itial 11( ’igli{s  o f ’  (o]lsla]lt ])r(,ssl]w S(l]’f’~l C(’S lla S l)(,(’oll}(~  ii

(’OIII?IIOII”  il])])l”ott[ll io (l(’l(>({itt~, {;lol)~l  1$ ’ill 111 ill{’, (\\ ’ill lil(”(’ tlll(l Zllilllf, 1993 illl(l l’(’f{>l’-

(, IIC(X  tl](r(itl). ‘1’llis  t(rlllii(j[]c i s  ;lttl’ii(”li\’(’ I)(Y;I(]S(’, ill il [), 1 0 1 )  <11 \Vitl’lllillg, s((,])  ario,

(11( ’1 ’llltll (’X])  tll)SioJl r a i s e s  111(’  lt(i~,ltt of (“oil Slilllt 1)1’(’SS111’(’  Slll”fil(’(>S,  11111S afl~)](li]tt, ii

lll[’illi S to 111( ’il Slll”(! 1)1111(  1( ’1111 )( ’l’tlflll”(’ of {11(’  ll’()])()S ])11(’1’(’. ‘1’llc  111(  ’ilslll”(’1  1)( ’l)ts (’011)

II]olllj; (1 S(’(1 ill”(’  /,{ ’I ICI’/l[ (’(l I)J’ ii SSilttililtioll Jt]()(l(’l  S \VlloS(”  ])l”illlill’~  M)lII’(’C of p,(’()})()1(’]1
tial  il]fo]]]]:ltio]l” is]t~clic)so]l(l(s. ‘1’1111S, 1)( ’( ’illlS(’  lll(’l(’ill(’S() f(’\Y Ii](liosol)(l(sil(  silt” !Il(’

Solltll(’1’]1 11( ’lllisl )ll(I(,(li  l]l; il(’tlllillj  Js[’s of~,(’(~j)ot(ll(i;(l”  IIcig,llts ill(’ IIlostly  l(:strict ((l
to lIIC N(JIll I(IrII II(vl]is])l]cr(. A101’C017CI,  tll(’ (’lillliLt C;lS1’(’Col’({(’(1  1)~ ]a(]i(mo]](l(w  ;1]1(1
(1( ’I’i Vi]ti\’(’ j)lo(ll](ls is  diflic(llt  10 i]]tclj)rct 1~(’(:I(ls(’ of  Cl12illp,CS i]) lil(lioS(lll(l(”  ill St] ’11

]I](]ltdtiott  ((; :1{1(:11  1{)94) ;111(1 iill;ll~SiS  tcclllli(]{l(()\(l li]ll( (I,illlll)(’1’t 1990).

\l~])(:t]le] a l)u]]< ]i)(tlsill  (]]](']]t()fz  lt, ]]]()s J)]l(]i (f(J]]]) (Jl; itlll(, js(]l(}.)cst 111((,]1()(1
to dCt(’C.{  ~l[)l)ill  WiiI’lllillg, 11:1S I)CCI)  qucstio]l(d  l)! ll~l]l(:tt and Sclllcsi]l/,(1  (19S7)
l)(:(:il]s(tl  lc]]]()(lc:l-~) ](clict(’(1 ‘( fil]:,(:]j)]il]tl” o f  \~’arlll]]l~)i]l  tlI(~ ]t]i(l-t]ol)osl)ll(:lcis” sil]]-
ilill’ to tl](’ ll:lt(]l”;lll~ o(.cu]ill{;  ill((’I’:l] l]llli]l Vilri:ll)ility. ‘J’11(’y  IIoll(’tll[’1(’ss  Stdt(’ (Ilat i\

s])a(wl)ascd ]ll(!tis(]](~]ll(’]lt of Il]i(l-t]ol)osl)ll(,](:”  t(l]]])(:]atlltc i s  (l(~si]ral~le i]l a  s(]it(, of
Jll(’;l  Slll’(’1ll(’llt  S Jl(K’(’SStll’~  t o  ]~osilil’cly d(’tc(t (~oy-i]](ll]c(d  \\ ’iLl”lllill~,.

j (k,lltlil)lltiol, ‘? of(llc~ct  l’ro])lllsio]l” l,;ll)c)l atc)ry()f tl], (;ilif()f[]  i;illlstil llt(t,f  'Jkcllllc)lc)g,y
j /ldd7C.\,s: II;iltll  ?!11(1  S]J~C(,  Sci([lccs  I)ivisio]],  Illilil s((III l?i~l 33:),  .1([ I’tc)l)(llsioll  l,al)(JIa((IIy,

(;illifoltli:l  ltlsli(  lllcc~f ’J’rc}l]lc)lc)p,j,  l’aSa(l(lIa) (hlif(,llii:t 911(19
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(~1’S occuliatio]t II I(asur(w ]dl~l(ti\il~’  as a full(tiorl o f  alml(lt( lmsitio]~.  a
(llal;i(”t(’listic  wllicl] call 1)(’ Lls(:d to (;(l(lllat(’ ~$wlmtc]ltial  II(i$,l]ts. A v(rti(:a] i]]t(p,ra-
tio]i of(le]lsity gi\w  j)r(wsu]c  .31so a s  a  {ull(.tioll  of al)solutc ])ositiol).”  III tllc IYtIi(’val
])1’0(’(’ss, tlIc (I(l(llllill;itioll  o f  .31)s(IlIIt( ])ositioll” is  (Ic])vll(l(llt  olily  or] 1(1 Iolvl(dp,(  o f
l]t]]is]]]itt(lall(l  rcc($iv(r] )ositiol)s” altd alI :]ssl]]]]~)tio]] o f  sl)lkcrica] SjJIIIIII(t,I~  IIotoII”
aIIy sjMcccIaf( ]mi))till~,  lII(~iIslII(JIII(’IIts.  ‘1’ltis ca])al)ilit,y i s  I]()[  slIiIml ~vitll otl I(’I IIadir

solllldil)~,  i]istll]]r)(’]tls, for Ivl]icll ])lrssur(’  is  tlIc ()]lly avail al)lc  vdica] coo]di]latc.

llrfol(]]l (as{ll(’]il(ll  tsof~co l)(]t(]]titll II(ip)ltls  (al] lwus(di]l assi]]]ildtio]]  ]tIo(l-
e]s or p,lolml cl)aIIgc  a]lal~’sis, i t  is  II C(WWII)I 10  1111(  1( ’rsta IId tlI(’ elrors dssociat(d lYillI
SII(II II I(Ja SLII(JIII(;IIt  S. l{llmillsl{i ct a l .  ( 1 9 9 6 1 ) )  lIav(’ slI()\vll that tll(’ p,(’{)])ot(llti:tl 11(’ip,l]t

(aII 1)(, r(,tricir(yl 11’il]l  a t,]l(y~]([,ical :I((III;I(} of” ‘/ II 1([,(, IS, l]I(J ])lil))ill~ (*1101  SOIIICCS  1)(s.

il]~,  :111 iollosl)lleric  colrcctioll  to IIlcds(llc(l 1)(’]](li]lp,  alJ/)l(X all(l (1(’]lsit~’  illl]()]l]()p,(’ti(,ili(,s
alo?)[: 1,11(’  l)(’alll>s  ]Eltll. \l’itllo(c(]lt;\tio]I”  (l:Itd  fro]]] (;l)S/Nllt’l’, ii ]M’()()f  -() f-( ’()]1(”(’pt,

(’xl)(~till)(’ilt fol L;l)S o((ultaliolt (\47al(’ (1 :11. 1!)!) [;, lilllsillslii (’1 a]. l{~{)[ia),  i t  i s

])ossil)l( to ])(’rforll]  al I c,xj)(~titt](~]]l:il  slII(l~ (){’ [11(’  a((llta(~ o f  p,(cj])ot(’]ltial  IIviy,l]l
111( ’ilslll’( ’111(  ’llts.

AI I (Jxl)(]i]]] (]lt; llstl](lj’oftll c(’]]()]s asso(iatc(i nillt p,(wlmtelltia]  ll(i~llt]]](z]-
SIII(JIII(,  IIt S ill t}lc aiIIIosj)l  I(~I(~ i s  co]]j])li(,at(~(l  I)\’ t]]{’  sj’lioj)ti( \’drial)ility of tl](’ ;it]l](j
sj)l](,](~ i(s(,lj. l(l(~al]y,  011(* il’OLIl(l  l i k e  to cstilllat(~ tlIc (’rml associhtd  w’]tl) a  111(  ’as LIre

111(’111  t(~cllltiqu(~ l)y takillp, II IaIky  Il)(~as~llc*lll(,llts  of a stati(. sysl(,III  aIId (~stal)lisl)itlf,

a t)ias aII(l a stal]darcl  (I(triatioll fro]]) a ]to]ll]dl  (Iistril)l]tio]l ‘of 11](’aslll(’]]](I]ls.  ‘1’lt(~
Zltlll(l$i] )ll(’1(’, llo\V(’V(’l’,  (10(’S 1101 a{lo](l S11(’11 d silt )l)listi( a])] )lo; I( 11, III tll(’ (.;Is(J  of I:l(li,’)

occIIlld~io  II,” 11)(’ I)(wt  011( (; III ( l o  i s  (OIIIl)dr( [II( ]]](?is(l] (J]r](] llsol’~, (Joj)ot(llti:\l  I}(i:,llt
fro]]) (11’s/Nl?l’  (lat:l  10 111(’ Ollll)llt of il :),1(11,:11 atllt(wl)ll(li( ]Ilo({(l  (lJOl(]It  1$)S1  ,
SIIa\v (( tI1. 1{187).  111  dII  tIII<il Ip,(!III(lIt lfitll (11(  l’;llro])ca}I (~(IIt)( for hq((!illlil-l;lljp,,

Wcdt II(’I  1+ ’()](casts  ( 1 ’ ; ( ’ h i \ \ ’ l ’ ) ,  olItj){It flollt t I)[i] ~,]ol)al  111() (1(’I i< Iis(d a s  t  II( sOIII((

f o r  (olll])arisol]  ill this ])dl)(I.

‘J’l]c al)ilitly  o f  lllis p,(wj)otclltial  II(ip)llt II}(:;islll(ll)cllt  t(’cll)]iqllc  10 i]ll])act  c]i
llIat(’  st Il(lim i s  ilivmtip)dlcd  ill tlIr alwIIcc of ))]ior  kIio\Irl(Ylf\(. 11] tl]is (:(s(. ii i s
IIW(’SS211J  (c) il}l~)lclll(~llt  a s(l~(’]})(~  to i~lt(]j)olal(~  jmi]lt JII(’tislIi(tI](*lIts  a t  IaII(lOIII I)()

sit, ions 0 1 1  tllc glol)(” to (1(’at(J a II Ia]). Si]l(( IIic Trlc’asl]t(’ll](t]l (IIIOr i s  I]IIkII()\VII,  01](
II 111 Sl lIav(’ a  lip,orol]s Ivaj t  () detcr{]li]]c  t  IIC errors  associat  A witfl tlI(’ illt(rl)olai io))

aII(l aIIj’ colll])olt(vlt”  o f  ii, SIICII iIs a ~;lol); Il al(’rag,c  g(wj)ot(’litial 1)( ’i~,l)t. IIaj(siatl

altalysis ((.~;. l’rms 1  989)  i s  Iv(II sl]itcd  to sll(ll  a task. 111 t l~is )Jal)(r, a IIajrcsi;ill  ilt -
t(’ljmlatio]l t ccll]liql]c (IVla(:liay  1 99?), })io]l(xl(xl  i]] tl]c ]1(’l]l;il 11( ’t\ VO1’liS  co]]]]]](]]litj’,

is 11 S(’(1 to (’l’($dt(’  SI.ICII IlliI])S. ‘1’llis Ixc.ll]li(jl](  l)(llllits 011(:  ( 1 )  10 a])])l(mill]at(  tll( (1101
.associat(d wit]l cacl)  III(;ISIIItIIIIC:IItJ,  (2) t o  dcicr]l]i]lc  tile IIIOS[  lwol);il)lc IIc)rizotlta]

]wolulioll ol~tai]la})l(’ willl  tll(’ dat, d, a]Id (:1) t o  lx’]for]l]  a ]i~,olol[s  c]ror allal~sis 011

{II(I various  col])jx)ll(:l)is o f  tltc ]flal) it ~,(ll(rat(s. No clilll:it(~lo~,i(iil  ])li(sIIOIII~IIOII”  i s
ad(lrcss(d or al Ialyzd i]l t IIis lmlm Ixxausc of tllc li]l]it)atio]ls  o f  tl~(~ data i]l\’olv(~(l.

‘111]( scco]ld  scctioll 01 tl]is  1),31)(’I  i s  ii l)]i(’f (~xl)la]iatio[l al)ollt (;1’S la(lif)  ()(-
cultatio]ls. IId]f  o f  tlI(: s(w)II(l scc.tiwls  deals  w’itll tlIc lil]litatio]]s o f  tl]is ])a]tic[]lar

data s e t  lvl]ilc  t h e  otl I(I] lIiIlf lays out lIolv ~~w]x)te]ltial llci~,llts ar( dctcrl]]i]l  (d. ‘1’1](:
(Il]ir(l scctio]]  is a l)r(xclltatio]l  of a Coll]l)ariso]t of gco~mtc]]tial  IIcigl]ts  co]]] l)utd fro]]l
(11’S/fVll’;’l’ (lata with  tllos( Scllclated l)?’ tlI(’ l’;(~A4Wl”  glol)til lrIo(l(l.  ‘J’l]is  i s  si]tlilar
to t)lw tulalysis  of Kursi]]ski  (t a ] .  ( 1 9 9 ( k I )  l)[tt for ~,(:ol)ot(’]ltial” l](:igl]ts  rat II(:r t 1):11]
t(’1l)])(:l’atlll’  cs. ‘J’]Ic follIt,]l sc(t,i[)ll js a j)pxw)ltatic)lj o f  II]nj)s o f  gcw])otc.lltial II(:igllt at

collsta]l{ ]) T”CSSII1’(’  F,(’ll CT~tC(]  l)j’ )]aycsiall iltl{’1’l)()];~(ic)ll. lTI i t  is  discussc(l  lI()\lI sy]tol)ti(
\’arial)ilit Jr afl’(’cls ~,lol)al  111(’:111  (~ual~titics. I’ill ally. tll( fifth s(xliolt i s  a SI]]]I]II:IIJ  of
r(wults a]l(l tll(’ir  i]li I)li(ati(~]ls.
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2. l{adio  o c c u l t a t i o n  wit]] [;1’S

‘1’l)c t,(cll]li(iucof rfi(lio occl]ltatio]] lIas
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/’ .,

of ol)tai]lil]g;  t(’]]11)(’]i]tl]l(:  I)rofil(w il) t lIc at 11)os])11(:1(’s  of otll(’1 ])lal Icts. otllcl ])LI1)(JIS
colttaill llIorc (x) I[l])l(’tc  (1(!s(1  i])tiol)s of issll(’s ])(’rlili(vlt  to usil)f, (;l)S t ( )  1)(’rforlll  ra(iio

o c c u l t a t i o n s ,  l)IIt ii i s  II(wssaI~T t o  l)rillf, 0111  solII(” o f  llI(J  sali(’ltt l)oillts.

liaclio  occl{ltatio])  l)j (;l)S lal<(’s a(l\aIItag,c of tlI(I ]ef]dctilc ])](,])(ltics of (IIC
atIIIosl)lI(*I(~ I)y ]]](~asu]itlg  tl](’ a]]glc  ll]tol]~lt  lf’l]icl] t lIc iJt Ii If Hl)l IcIc l)c IIds a ]adio lK~aIII
\\’lI[xw sOIII(C i s  a  (;l)S salcllilc. \\ ’it 1) a (~1’S l(((i\’(1 al)oal(]  (~1’S/h’l  1>,’1’, tlI(’ Iat(L of
cl IaItp,(J of’  tlI( ()])t  ical  ])iitl I 1)(’t\\’(’(’lI  tli(’ tli~lls)l)ilt(’r  all(] mx’iv(~l  is 1]1(’asutw(l. (ji\(lt
accllrdt(~ ktIolvl Qdp,(” of tlI(’ ])ositiol)s” aTI(l vclocil  i(’s of tl]c t]a]ls]t lit tcr aII(l wceivcu,  aIId
asslllllillg sl)l)(~li(al  S~Jllll)(’t l’)’ o f  III(’ :ltlllo  Sj)]l(’1’(’, 011(” caIt sitll(lltall(~c)~lsl~ d(’tcr]llill(’
tll( il]]l)a(t l)ala]il(’tcr  (1 of tll(’ ra(lio  1)( ’illll alI(l 111(’ :111:,1(’  (1 (111’011{;11  wlli(li  it \\’as Ij(’l]t
()]] its lltij(’(tor~ flolIl  111(’ Il;ltlstllitt(’1 t o  tlI(* r(((i\’(1. ‘1’l)is i]}folll)atioll” i s  (lil((ll)
ill\’(rl il)l(~ to a l)lofil(”  of t II( ill(l(’x of l(fla(t ion aII(l 11(’11((’  t(’1llj)(’1.at  IIr(’  (1’j(’l(ll)o (’! al.

197’1).

I I I  tll(, caw of (;l’S/L’11’;’~’, al)(l lnlliil)s  II IOSt fllillr( orl)iti]]g  (;1’S rccci~cts ilt
t(:]Id(:(l {01 ra(lio  occl]ltatjio]t  ]ti(’;tsl]](’]]](])ts,  tl]c o]t-l)oard  (lock is ui]stal)]c CII(ILIglI t o
d(p)Ia(l(~  illt”orlltai ion 0 1 1  1)0111  tllc lwlldirlp, altgl(: iIII(l tlIc ittl}mct  l)aralll(’tcr (Ila]dy (4
{,]. ]j)f)l  ) ,  ]7,1,f],(11,,~10, tllc (Iallsltlissiolls  of C~l)S sat(llifw al( illt(]ltiolial]j” (litll(w(l
(C(HIIIIIOIIIJ”  (’:111( ’(1 ‘(s(~lc~cti\’c a\ ’ailal)ili(  y”) so t])at illsl:illtzllt(’oils ]) OSlllolllll  F,” S~St(’ll J!;

.,.

(witlio(,t :(((<ss ( o  tllc col)fi(lo)lial  al$,(~ritlll]]  fol  11)( s(l(cti\c a\ailal) ilit}) IIav: ace,,
lacics wols(’  t lIa II 100 lII(:tcIs (SJ)illi(~l 1 980). IJ(II((, :1 “(lo~ll)  l(’-clif [’(’l (]l~c,’” twll])i(]ll(’
11}1s 1)(’(’11 i]](otj)(~]tit(cl  to (Lliirli]]:il( 111(’  Cff(’(”ts  of tll( 0]1-l)oal(l CI()(’li  ]Ioisc  alJd tlt(
s(~l(’ctivc a\’a i la I)i 1 i tj’. ‘J’l]is t(cll[liclllc wquiws a (;l)S mcciv(r w i t h  al] cxcc])tio]]a]
(]()~]i 0 1 1  t]l(>  l(k Itl I)S  su]facc w]li(’11 T(X(W({S  l]]c  Lralls]]]issiol]s  fl’OJll (?(’o (~1’S satc]]itcs
(Iulillg aII o(cultatio]). 011(: of” tll(w satdlitcs js t 1)( occultc(l satcllit(: aTI(l tl]c ot,ll(:r
is a wf(’r(’]]((’  sat e]li te.

A  C()]IS(KINUI(C  of tl]is sjst(’111 is that aII occult atio]i is I(co]dc(l oltly  WIICII  a
p,rolll](] (;1’S Jxvivc] is ‘(ill view” of aTI oc(ult(’(1  a]ld a rcfmrllce CJ1’)S satel l i te .  l)m’illg
tl]c s])ril)g alI(l sl]]IIIIIcr  of 1 9 9 5 ,  OIIly fi\’c gI,Ioll[Id r(x(’iv(,ls }v(:I( avililal)l(: ill l’asadcIIa,
(;alifolllia; if) l<okw  l)ark, IIawdii; ill l“airl)a))ks,  Alasl<iI; i]] ‘1’id})itll)illa,  Al]stralia;
a]](] ill l’ots(l all], ({(JrIIlal)y. 1( \vill I)c c](a] t ]Iat t II( sj)a]s(> co\7(rag)(,  lJro\id((l  l)y t lIC
a\ ’ail al)l(, $,rolllid r(’c(’iv(v’s 1(’a~’(’s  \’ast r(,g; io]]s of t lIc ,g,l(~l)c  ll]lsiilr]l)lcd  I),y {)ccllltatio]ls
fl”olll  (;l’s/h’11’Yl’.

A s((OII(l  (OIIs((l~l(:II((  of t Ilis s~st(:]i] is that !1]( (Iata l)]ovid((l I)J (J1’S/h411~’J’  is
li]l~itr(l ir] ti]]](. ltI gcltcral, tl]( lJ]]it(d Staks Air 11’orw (LJSA II’) ill~jw+cs a co]] fidc]lt,ial
I)s(l]do  ra]td(jrt]  (()(1( (tl)c ‘Ly-co(l(’) ) at, a freq{lcll(y  of 10.13  h41 lx, ()]) tlIc (;1’S sa{cllitc
t]ti]is]t]issic)lls  Ifl]icll  corIujIts aII if)]los])llclic  conwtiol) ]Jwcssary fol cli]]]i]]ati]]F;  tlIe
]x~fractil’c cf[iwts  of t l]c io]tosl)l~c]c” (S])ilkcr 19S()). 01] oc(asjo]l, t 1)(’ LJ,SA II’ switc]lcs to
a  kllow]l })s(’11(10  1’:111(]0111  CO(IC (1 II(’ “1)-(:0(1(’”  ), \\’l]i(l] lj(r]]lits all ii(’(’111’ilt(’  io]ios])l)wic

(’orrcctio]].”  S]wcifical]y for tl]c (~l)S/h4 1’;’1’ l)rc)jmt, (11(1 lJSAII’  s\vitc.lt(:(l to 1)-(w(Ic t]lrcc
ti]t]cs (Iuri]]g 1995, Cil Cll fOI° a dill’ilt ion of ill)ollt, till’(Y’ }VC’(!]{S. ‘1’1](’ first 1)(’]iod \IIas
liit( Al)]il/(i(]l~ N4i\~ (s])] i])F,), tl]( s((()]t(l  l)(riod \\’:[s lt[t( .JIl]](/(:aIl~  .JLIl~ (S~I]IIII](I),
al]d tl)c tl]ird  IJc]io(l  was ]nicl-oc.tol)  (’l (fall). ‘J’ltescI l)c]io(ls iirc also kII()\YII  as ‘(al lt, i-
s})(mfi]l~; of I’’” (A S-ofl”) ])(:riods,  and t,]Ic }J-code It]o(llllilt,io]l is kIIOWII as ‘{iil)t,  i-sl)()()fi ItF,. ”
0111~  {li(t~ ftol]] tl)( sl)]i]ig i]])(l SIIIIIIII(~I  ASOf[’ l)(rio(ls a](: i]]tt~l~~((l  ill tltis \vOIl(,

‘1’11(’  lf’ilt (’l’ \’d])ol’/Il(’l] ll”dl d(lisity illlll)ig\lit J’ (Kll]sil}ski  (’t ill. 1995) ]c]nai]ls
(l II1(wol\’(d ill tl)is woIk~ s o  iIIIj~ j)lacc \vlI(Jw tltc a]]llji~uity  1)( ’co]tt (’s sl]l)sta]ltia] i s
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clitt  JiJIatc(l  ff(jlll  tl]is  a]lalysis. ‘J’llet(:c.lllli( ]{l(of’l{ lllsillski (t al. (I$)f)(ia)  is a(lol]tcd,
\vllcwill 111(:  tlo])c]s])llcli( ]wrti(~li of Mricva]s Jvlt(’1(’ tllc tc’111])(’IatIIIe  i s  largm tlIal I

250 1< i s  dilr]i]latc(l. I t  i s  II IICI(I  ll)is c.oIlditioll  that tlic atll)os])lI(lic wat(r val)or
(’ollt{’llt  &!ll(!l’d]~ ])(!(’011)(’S  ]til’F+’ (’llOU@ SllCtl t]la(, W’]l(illcvcl’  t,]l(! fli/,]lt I’(xx’il’(’l’  ltras
(JV(III  al)lc  to track (lIC (;l)S signal , (’rmrs  ill l:tto\\Il(’cl~,(” of tl]c w a t e r  \’a])or colltc~llt
l(`:i(l  t'c)l'(:tl`i(:\' c(It(`JllJ)cl`:ltl  ll'('cll'()Islal 'g('I`tll; lll 1  1 { .

)/(2) ~ (/)(2)-  (~,,,4)/(g(, ( 1 )

ill wlli(]l  //(2) i s  llic g(w]mtul(iai l~(i?,lll, {l,,,.l = 6.:M:+[W52T) x 1(17  ?112  S- 2., a n d  {/[, :

!l.S()(;65]J1S”2  (.101111  l’;yrc, ]) Ii\;]l(( ()]r]]t]llftic:  ili(J[  t). ‘111(1 illdcx of I(fia(tiol]  is c o I I -

\ ’ ( ’ l ’ t ( ’ ( l  tO (1(’tl}iilj  /) 1)~ a Still l(lil! (’1 1“(’liltioll  ((’ f,. l<;(l. 1 ill Ilill’(lj’  (’t  al.  1!)!)  1).  1’I’(Y+SIII’(’

;1s il fl]llctiol] CJ[  p,(~)j)ot(])fial  ll(i~,l)l istll(’11 [’olll])lll(’~1  llSillf, tllCll~’(lloht;  iti(’(( llli\tiol l:”

/
~)(),) ‘x’ ()(//’ ),(/[, (///’.

. /,
(;))

‘1’llc {Illi(js ofp,(ol)c)t(]itial” ]Icip,llt )1 alc gco]mtullia! Illcl(’rs  (“~)1)111”)  ()] g,(()])()t(’l)tial
l{ilol])(t(ls(’’gl~ltl~]”)  sotllatoll(’is”  wll]ilt(ld t h a t  }/ is II()( ii tr(lcl(llp,llt.

3. ( C o m p a r i s o n  o f  occulhl)io]]s 1,0 l’X;AflWl” Inodcl

‘J’IIC 0111  l)LI1 O f  tllC l’~{~h~ti’’l<’  ~lol)al 1 1 ) ( )  ( 1 ( ’ 1  (1,01’(’11(”  1!)81 , Sll~l\\ (’t i l l .  1 9 S 7 )

co]ltaills tclll]wlaturcs a])d IIull)i(liti(w at 3 1  at]rtosl)llcric lcvc]s It’llicll s})a]l tllc tm
]) OS})] IU’(> and ]olf’(>l”  Stl’dtoSl)]l(’l’(’, t  11(’ ~)rCWilll”(’  at t  11(’ illtelfaces of (’il(’11 la~(’1’, :111(1
11]( s~irfac(’ ~,(ol)ot(lltial,”  all as fllllctio]ls o f  latitll(l(’ illl(l  lo]]gitudc. ‘1’l)c IIorizo]]ta]
rosolutio]l  is 1 dc~,rre I)y 1 drgrw ov(~r (lie :;101)(’. ‘ 1  11(’ l:lj’crs  are  Coulltcd  fl’olll  L]lc tllc’

to]) (Iowllwill’d. ‘JIII( to])lllost  f(w layers  arc ddillc(i l)y (ollstallt  }) Icssuw cooIdiIIdtxx,”

[I I](I  t,ll(!  1.)01  tollllllo  St” fCt$7 l~JJC1’S ill’(> dCfill C’d 1)~’ Coil Slilllt Si/jllla,

l)}’ sLII’race ])1’(’ss111’(’,

or ])r(wslIrc  divided
coodi])atcs. ‘I)IIC ]t]iddlc  laj(’fs a](’ ]I]ixd ])]csslll(~-si:,]tla  coor-

dIIIatcs.  ‘1’l]c  to))lnostl  laym  s]ml]s O to 2 0 0  II]illilmls  aIId tllc lwtto]n]}~ost  layer  abuts
111(’ S(lrfacc.

III ordu to co]]lput)c t]Ic  ~qmtc]ltial IIcigllt  ]jrofilc  ~;ivc]l tlIc lWA!l\Vlr out])utl,
[ II( IIydwst  at ic cquatio]l is iltlcglat(>(l. l)cfi]li]ig,  }J,. ,/2 a s  tlIc ])rcsslifc a t  tlIc to]) of
li\J’(’l’ 7 ,  l; <IS tll(’ tCIll J) CI’~tlll’(: of tllC lil~C1’  ~, (f, aS tll(’ L$’itt(’l’  \’ii])Ol’  lllilSS fractio]t O f
la~C]’  i, :Illd //i. I/2 aS tll(! :;[:c)])c)tf:]ltial  IlciglIt  at tllr to]) Of laJ’CI’ ?’, t)lcl]

(3)
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WI I(’IC 11)(’ i(l(al ~)as  (o]]sta]]t 1/ : 8 . 3 1 4 3  J  1<- 1 ]]101-  ] , tllc Illolcculal’  ll)ass  of dl’y aj]

il[ll’y  = 28.964  gIJI  ]IlOl-  ] (Ilmlgllt(m 1986), a,)d {1,( l,,olu’,lla, ,,,ass o f  ,Vatc, ,,,,,.Y :
18.() gill 11101- ‘. llll])liCitl~,  ~1~+  ]/~ fOl’ j z 31 is tllc su l ’ face  ])rcssul’c  and }1s is t,lle

~;~~)l)ot~lltial  11~’idll; of tll~ slllfa~c USCCl I)Y 1(;(~h~\4~l~. (~i~’(’11 t}lis l)l”ofil~>, gW]mtclltia]
l]ugl]ts as a fulictlol]  0{ ])w.ssuw aIc lI}lcrJmlatcd li]]carly ill tltc logaritllltl o f  tlI(,
J) KWIII’C.

As a first S {(]) i]) i])v(:s{igat  iIIp; t l]e ac(LIIa(J of t II( r(tri(\als of p,cc]]Jc)t(llti:~]
l~(’ig,l)tls, a SI fit istical attalysis of t ltc (Iifk:lflic(s of” F)co])ot (lit ial IIcigl)ts  I)eillccl) t ]IC
wtricl’als allcl tll(’ l~(lM\3~l”  0111]) 11( is clc~llo. ‘J’lIc (lifl’cltl~c(  fi)l(~~) is (I(fillc(l  /is 111( (lif-
f(l(llcc  l)ct\v(YII  1 II( r(t ri(wxl $;(() ])()1 (III i a] lt(i~,lit :is a ftlti(liol] of I) I(v+III(.  /Ilc(, i,,vc,l(jI),
2(11(1 tll(’ 11)() (1(’1 ?)(’()]  )()t(’])ti:tl  1)( ’lglll ilS d fllll(’tlolt  of  1)] ’( ’ss(lt’(’, //mod  f.l(l~):

‘1’llis calclll;ltioll  is flollc  fol  (saclt ()((lll[ati()]l,  r(laillil]p,  a II ICaII (Ii(l’(t(ll((. X)/())), all(l
a sta II(la Id d(~J’iatioll, o~~,(})).

!-  .!,,.,, ,-. ,,, J

621 6<28  6’29 6,0 71 792 7/3

l“ig. 1. ‘1’lIc nlllIllI(r of ’occult atimls for  tdclI (lay used ill co}ill)arisoll wil]i tllc l’X~hl \\ ’l’ [:lol)al  II Iodrl
oIIt[)ut. ‘J’IIc IIistop,lartl  i s  s]llit lwtwcclI (lIr s])ring aIId tlIc sutll]t]cr wls ifl 1995.
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sta II(1211d  CIYOI  is cal(ulak(l  I)y (li\ridi IIg III(: staIIda Id devia t ion  by tlt(: sqIIarc root of
tlIc IIllrlll)cl(jf col]triljl]ti]l~, ]JIwfil(’s 1(ss OIIC. l;(’callscof tll(’ lal’gc IIllllll)($l”of])lc)fil(s
ol)taillc(] dulittg  tl)c su]l)ltlcr, tl]c mm’ Lars am Iiadly visil)lc Iwl)catll  tllc I)ias (’III LF(’.
‘1’11(’  S t a t i s t i c s  d o  IIOlj cxt(’lId  as d(vjlly into tl((: tlo])osllll{’1(” ill tl)c tlo])i(s as jII t]I(
II Orl)]] OI soutl]  Inausc of tllc ])MW]ICC of water  v.3])01.

I II a gco]mtel]tia] IIciglli  statistical mli)jmrisoll) tlic l)iascs  ill tlic Lcll)])crat,llle
arc rclakd tosloj)cs iJJ tllcl~ias of tllcp;co])ot(~l)tial,”  1)11! it is difficult to Ic~latc’tl](:st2111-
(I:il(l d(~viatiollst  or lII($asll IcIll(’IIt (’llc)l’. If a t(’1)1])(’lalll](’ l)ias as a fullclioll of ])rcssur(’
i s  \f’rittel] as A’/’())), tllcll tllc ~;cojmt(:l)tial  l)ias CaII 1)(’ ~,it’(~11
I)alallc(’,  as

,  ass[lt[]illp, I)y(lmstati(.

(5)

\YII(’r(’ /{ i s  tltc i(l(~al :)as cojIstalll alI(l /1 i s  tlI(J II I(,a II II I()](xIllat II Iass. “jll IIIS t]IC ])ias(,s

i)) t 1)(’ slafist i(al l’(’slllts  of  lillrsillski (’1 al. ( 1  99(~a) (:111 I)(’  (Jasily I ’ ( ’ l i l t  [ ’ ( l  10  t IIC I)ias(,s

ill t II(S statistics of t II(’ p;cw])otclltial ll(’i~,llts. ltcldt ill:, t IIr s[al  Idar(l (1( ’\. iat ions is II IOIC
(Iiiliclllt, tl)ollf,li, 1)(’calIs(’ it is JIot ktIot\TII to ~vllat (l(~,l(v  t 11( tcIIIj)(latllrc  (Iiflt’lrllc(s
ar(, v(vtically  c(JIr(Ilat  (YI. If t(’lll]mat urc  errors arc llig,ltly \’crtically  corr(’latd, tlI(, II
(’rrols iII t  II(’ ,$c(j])ot (:]] tial woulc] 1)(’ It)orc exaggcrat  ((1. 0 1 1  tlIc ot 1](,I  lIa IIcl, i f  t,c,llI-

lwratllr(,  errors  arc i’crti(al]j 1]11(01 r(lat,(d, t  lIc]I (IroIs i]] tll(’ gco])otc]]l  ia] Ivould 1)(
11111 (’1) 1(%s.

‘1’ltc  I)i:ls it) f II( IIort l)(rl~ ll(lllis]]l~clccl[llillp,  tlI( s]llillp, ill(li(at(s 111:11 II I(aSIII  (Xl
l(ittjwrat (Ilcs  \v(’I(s I)(rsist(’lltly c(mt(f t IIHII ill tlI(’ 1110(1(1. wll(~r(as II() SII(II  I(lt]])[]at(]lt:

I)i:ls ()(CIIIS duti]if~ 1 II( SlIIIIIIICr. III (11( sj~rillg, a I)ias of al)ollt -30  p,])t]) {Xists a t  4 0
It]illil)ars  alt(l II() I)ias at 60(J ]))illil)ars  wit]] a  stcad)r  tlr])d i]) 1)(’t!l’(’(’]1. ‘1’l]is trr]l(l
f(’slllfs  f r o ] ] ]  111(  ’aslll”(d  fcll)])(’I’:it  lll’(’s l~(illg ().4 I i  (()(,1(1 tl)all ill tllc 111()  (1(’1 ill t h i s

I: IJCI. N o  SUCII t](l](l is  a])]mwllt  ill t II(  IIOrtl ICIII Iwl)}is])ll(x  duril)g  tll( SLIIIIIII(V,  ])ut

a  (vllstjallt I)ias o f  15  ~1 Y gI,l)I II i s  al)l)ar(~llt.

‘J’l Ic I)ias ill tltc tro])i(:s  (Iuritlf, tll(’ s])rillg  slI(Jl\s tll(: cfl’ccl  o f  slll)stalllia]  wav(. .
a(’i l\~lt.  y al)[)llt t 1)(’ t ro])()])alls (’, \vlI(l(as tllc lo~vcr l)ias(s itl tllc sul II II I(’t itl(licatc less
\Ya\7(’  a(:ti\’ity. liul’sillslii d al. (1 W[ia)  sllo~v a dral IIat ic \\ ’a\’(1 st, ruct  Ilr(’ ill 1 II(J tlol)i(s

(Illlil)g tllc s])lillF;. \Ylli(:ll c]x’at(’s tllc larf;c b;as d]I(l sta]Idal(l (lc\’iatio]t i]] tl]c g(Y)l)()-

t(I]tial llcigllts aro\]l I(l aIId al)ol’(” tl]c tro]m])ausc  ( a t  A 1 0 0 ”  ]Ilillil)ars). ‘J’11(: l)ias  ill tllc
SLIIIIIIICI data, lio\Y(’\(*J,  i s  cssc]]tiall~” t]()]](xist(~]]t, i]l(li(at;]l?, tlIatj dlIy \va\’(~  stru(:t,urc

Illa~ IIOt ]laVC 1)(’(’1) aS ]EI1’F,C (llllill~, t]l(’ S [ 1 1 1 1 1 1 1 ( ’ 1 ’  ;1S (][11’illf);  t]lC SJ)I’illF,.

‘J’11(’ I)ias i]) tl]c solltllcrlI II(lllisl)llcrc  sllolt’s tllal tlIc lnodc]  lIas CIif!i(:lllty ill
r(’tri(~~’iltg; tlIr t(’1lll)  (’IfItItl(’ /])l(’ssIII(  S(ILI(.(UIC’ jll tll( \i(illity o f  tllc tro])()])a~]s(’.  lror
1)0111  tllc S])l’jllg all(l tllc SUIIIIIICJ”, 1 II( I)ias js ltcatlj’ \(rt ical  abov(:  alI(l l)(lo~t’ tl)c
1 m])()])ause,  bul i t  i s  slo])ccl ill tlI( illt(:rllldiat,c r(’p;ioll, ‘J’llis IIIay r(wlllt fro])] tlIc
II I(KICI ]Jlacing  tllc tIx)])()]EIusc  lli~,llcl tlialt  d i d  tJIIC (xcultatiml ll)f:as~]l(~]t)(~])ts. ‘1’IIc
tcasoIi  for tl]is \Iwul(l h tl]at tli( II IO(ICI IIas wry f([v radioso]l(lc  lIlctis\ll(lll(:l]ts  to
assirl)j]at,  c jll tllc sout])crll  l]clnisl)llcw.
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k’ig.  3. (klti],:iriwtl (~1’ (~r-cllltatioll  ~)wl)otcrilial llrip,llts  to I;(:Al\\rl; f o r  sllllItII(l l$l!l~l.  Salllc as for
fif,ur{  2, l~llt fol sllllltII(r 1995.  III (:I) 222 occul(atiolls :Lrx uw(I II I  (1)) 193 occull:iti(,lls a r c  usml.
I I I  (c) 164 occullatiotw :Irc usrd.
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11’ig. 4. SI,{ItitI1-  trIII1}c,ral t)ias  c~ftllc  d a t a .  ‘J’IIc lalitud~ oftlIc occulta(ioll  is ~)lc)ttd versus IIIC local

(i IIIr  o f  (lay for tlIc occultatioIIs  used iII tlIc ( a )  s~)rill~; aII(l  (1)) SUl II III(I  coillj)arisorls.

‘J’11( s t a t i s t i c s  i]] Iig;urcs 2 aIId 3 II I?IJ be biascxl I)y tlIC t(lI)l)oral  aIId sj)at ial

sal)l])]illg of tlIC oc.cultatiolls. l)uril]g  l)otlt  tlIc s])ri])g aII(l lIIC SIIImIICr A$ofl’ Jmi-
o d s ,  (Jl)S/MIJr  J’ was ill a nearly  sllll-sy!l(lllol)olls”  oll)it witlt al] illclillatiol)  of ~ 700.
A s  a 1’CSU]t, (]11]’illF;  t]!c S])l’il!F; t])c  1101’t]Icl’1} OCCU]tatiO1lS OCCU1’d bdwcx!)]  1]001]  al]d
IIlidlligllt  aIId tlIc solltlIcIll oc(ultatio  II oc(urcd l)e{wcwtI  II]i(lrligllt  .311d  lIOOII (figu Ic
4 a ) .  ])uril]g tlIc su]]IIIlcr,  tlI(’ IIortlIcrII  occult atim]s occurr(d l)ct~vc(:]i  lt)idlligl)t  aIId
]1()()]1  a n d  tl]e soutllcrl] occult atiol]s occu  IId hctwmII  lIoolI .311(I  ]Ilidlli$;llt (figure. 41>).
lkYalIs(T  llIC IIlt:iIsl]IcIIl(IIts  arc soIIlcJvlIat  cooler tllwl  tllc IIlodel out})ut i]) tlIv  IIOItlI

dllritlp, tll(’ sl)rillg  aIId ill (Ilc  sol]llI  (Illrillp, tllc sllllllllcr, (11(1 III(J(I(’I a])])cars  to gerlct-
a t  c’ 1 rt)l)os])ltc]ic  tc]l]])e]at II]W w’llicll aw too \var III, I)y lla]f a  (l(T#,I(Y  OI less,  ill t]Ir
afl(’1’llool],
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III tl]is scctioli, a Ins])  of tltc g,mpotc]]tial  IIci:;lltjs  of colIstaIIt ]) ICSSIIIC sur faces
is C. OIIStjWC. ted ill ode] to q u a l i f y  IIow cffcclivcly radio  occultatio]l I II f::ISIIIC~IIIe IIt S
call c.llaract)wizc  tlIc ~copote])tial l)eip;llt fidd. liadio occultatiol]s a r c  u]]iquc  i]) tltat

tlIcy saTIll)lc t)l IC atInos])lIcIc a])])lmi]llaicly Ialtdoltily across t]Ic  glolw  (cxcc])t for t,l(c
tilllc:-of-day  e f f e c t  ol)vious  ill fig;uw 4). ‘1’llus tllc ddta llIust  })C illtcrj)olat cd ill oIdcI {0
cwak a lIIa]). II I  ad(litioll, tlIc I)cst ({ala  acfl~lid co)~tril)ut(xl  oltly -Q7[)  IIi(’zis(ll(;lllcl)ts

])(’I’ d a y ;  tllcl”(’fol’(” . s(’\’(’l’al  days  of  (Ia(a Illllst  I)c ,PJ’ml])(’d log(’111(’l’ to (’1’(’at(’ allj: I l l s ] ) .
‘1111(  atInos])l I(I( is  \alialjlc o\’(1 SII(II loIIg till~c j)uiods, wllic]l co]}llil)llt(s ad(lltio]la]
IIoisc  WJII(SII  (r(atili~, a  II Ial). ‘1’llis a(l(li(iollal IIoisc telIi I i s  kllo~f’1]  t o  varjr ds a  flil)(tioli

of’ local iol!” OII tlI(’ glol)(”  aIId a s  a  f’uli(tioli o f  IIcig;l)t. A  lla~csiall itltclj]t)liitic)li  llletl~o({
\frllicl) ca]i dcte]lni]]e “lllost  ])l”ol)al)l(”) f i t s  i s  tl)c II]OS( a])])to])riatc ll]etllo(l  {0 l)alldlc
iliila  lvit]l sllcll (’llill’:l(’t CI’i Sli(’s (hlacliay 1!1!)2).

‘I)l]is IIaj(sia]l  illtlcrjm]at  io]l lcclilliqllc CaII  1)(  a])]jmlclld as aII adia]lccd least  -
~’~ Iilctltod. Y’01 a  silt]])lc  least -j~, (JII(’ assul  Ilw a  se t  o f  t~asis fullcti(]lls,  ~vllicll aItJ
sj)llcrical  IIajl]lolli(s ill t h i s  \f’01’li (A’lo]s(” al](l l“csl]l)acll 19531  1’]’(SS (’t al. I{ J&[i), al]d
a(ljusts t}icir Cocflici(’lltjs sucl I tlIat  t lIC squaw of llIc difl’rwitcc  lwtWccII 1 lIc fit and tlIc
(I:]la is IIlillillliz(’cl.  If ~~~j is tl]c (’\’illllillioll of tlie j’tll I)asis fullctiol)  al ll)c’ lo(aiiolt” o f
flI( i’tlI d a t a  ])oi]lt.  tlI(lI llIc vccloI 01” “’t I]osl Iili(’l J’” (()( ’lli(i(’])ts W1,, I if’lli(l] ]t]irli]llizcs
t2 is silll])ly

\v,,l, = 11” ‘ (j)” t ([i(l)
\Yl)m!

1) = (/)’’(#) ([iI))

alI(l t ,  is  tl)c data \’cctor. Ol)c  f, CII(II altj. i]l]])l(v]lc]tts  collstrai]lts 011 1 IIc fit I.)JT i]ttmd(lc  -
illg a }mlalty ful~ctiol] (I)alcy 19!)1  ) ltI tlte  for}ll o f  a  diagolla]  II]atrix C, [Jsually, t,llis
l)cl)alty fullctioli fa\ToIs sInootlI f i ts  1)~’ ])laci]lg; il)cwasill~ cleIIIcIIts  OII tllc diagonal  o f
C;. It i s  lIcccssaly tllcll h wcigl]t  tlIc ])eI)alty  fllllctioll, aTId this i s  (Io]lc lj~

lfl]cm a and P aw tjl]c wcip;llts. \Vit II this col]st  raillt, t II<: set  of  ‘: IIIOSt ])mbal)lc’)
cocflicicllls w,,,}) I)(TC)IIICS

w ,,,i, : A  -  ] /h#)’h. (8)

Not ice  tl)at Awl,,,,  : fillw,l,], a],fl 11,,,s tl,c cfl’ccl  c,f co~]straillil)g  tllc fil i s  to rcdl]c,c
[II(’ IIi:;llcr 0](1(’1  cocf[icicllts. ‘I1l I(S (I(t(l]]]i]itltic)])  of tlI(: II Iost ])ml~al)l(  coclficimt{s is
calld tlIc first ill fcwllc. c ill IIaycsiali illi(~l])olaiic)l].

‘1’lIc secol  Id illfcmlcc ill IIaycsiall  illtcr]mlatioll illvolvcs  sclcctil)g tlIc ]Ilost
])lol)al)lc v a l u e s  fo] o and O. ‘1’llis sclcctioll Callllot I)C dollc  wit,]) ort,llodox  s t a t i s t i c s .
‘i’1)(’ Illost ])ml)al)lc  valllcs  for o alI(l ~j satisfy t  IIc criteria

( )
-1

~~ ‘ -) W:,,, cw,,,,, (w)

6 ‘ (l’ -)) (It - {w)l~)- 1 (91))
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(11(1:1
\t’ilcl”c

Al

(7 2: ( A ’ 1  ) - ]  ‘y(l,- f)2 (11/))

(]2)

‘~’lIc  tccl)lliqllc of IVlac]<ay  (1992) also ])crlnits for tllc (Ictcll])il)ati[)ll o f  t,l)c
II I(HI ])rolml~le lt]odel.  III t h i s  lh31)cI. t II(I difl”f:rc])t II Iodels a r c  c r e a t e d  I)J adding
IIi{;ll(r (Icg;rm s])llerica]  Ilarlllol]ics  to 1 II(L Imsis se t . h~O(]C] ]111111])0’  7/ llS(>S 7/ (](’$,l’(:(>S

01” sj)li(~lic.al IIarlllol]ics  as  l)asis  fullcti~)lls. 1“01  T1 dcp; im’s, 1{ = (?I -1 1 )2  basis  f(lllctiolls
arc llsd. i n  cvaluatill~ tllc ]J]ol~alJility  of cacll  Tnodc], Cac]l i s  mwa]dcxl  accordi]lg
[t) i t s  al~ility to fit tlI(’ {lat, a alId i s  ]l(llalid ac.c.o]di]]~, to t l)C llUIJlbCT o f  (Jfi”cctivr
rl’(’(’ ])al’alll(!tcrs  it llSCS. Sillcc ])rio]”  liIIo\\lcdF;c of tllc atlllosJ)lle.m  dic.tatcs tl]at i t
ltas sig]lificant,  st]ucture at vcly sl]lall  sca]cs, t,]]e lnost  a])])m])riatc ]mialty fllllct,ioIi
Illllst llotl ]mlalizc IIlodc]s  t h a t ,  alloJv 10 I I’cly fil)c  IIolizol)tal  msolu{lioll.  ‘J’llis st(~p ill
IIaycsian illtcqmlatiol~ is cal]cd  tl]c tllil  d illfcmllcc. 1/01 a dctaild cx])larlatiol) of” t,his
1)1’0(’(’(IIIIC,  see Mac Kay (1 992).

111 th i s  ana lys i s ,  tl)c data 1, arc tjllc ~;co])otclltial  II(igllts at a givcl]  l) KSSUW,
t llc l)ositiol~s  xi am tllc latitjudc and Iollgitlldc o f  cacl)  occultatiml, al]d eac]l  Clelllcllt
of tllc ])lojcctiol] n)alrix (i i s  dcfillcd  l)}

(j,,, : )’j~,(Xi) (13)
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IIIOdel dcgrcc

1.129
0.8789
0.3995
().2817

(),08948
0.07s79
().()76YN
0,074!)s

~) (), ()71s6
10 0.07202
11 0.0723!)
)2 ().07:;87
13 0.07(;07
14 0.0777s

/?

7,35{)
41.87
102.4
138.6
1 59.()
174.6
17!).:}
18? {t

306.449
851 .(IL7
1122.45
1206.71
1228.65
124(i 41
lY41!. k!)
lY:)N.7S

“1’al)l(:  1. Model  [)rol)al)ililim and  statistics fmltl llayrsiatl i]it(tl)ol:ltic)tl of llIc  loo-] IIl):Ir”  Slllfil C(,

Stlli)ll)(l  19!)5.

“( ‘  llIcsj)l 1(, Iical IIarlllollicit) [vlli(ll,j  [llliclllel J’icl[’l ltificsc*a(ll  i,?)/ ]Jair. ‘1’l)cf[illclioll },,, I S

of (1( ’/;l” (’(’ 1 and Ord(’r 7//. ‘1’ltc ])cIIalt~’ fllll(liorl i s  C]tosclt sl[flt  ll]at tlic IIip,lj (lrf:I(Y
fits aI( iIll m]llal]y ])roljal)lf. \4Jitll a tiial fc)lt])lllatioll  fo] III( j)cIIalty IIlallix (;,
[IIC ]]l(~l):lljility,  tile weip,l)ts tIi/9, aIId tfI{ filt(’[1 coc:flicicl]ts  w,,,l) art’ SO] ICK1 j’01 ilsi[jp;
q~lati(~~ls  ( 8 ) ,  ( 9 ) ,  aTId ( l o ) .  If all tlI(, lIip,l I (Ic’grm’ II Iod[’ls .arc Itot Cqual]y l)rol)al)le,
111(’11 iIIIoll  I(r forlllulatioll fo[ (IIC ]JcIIalt~’ Illiloix i s  aSSIITIIrd aII(l tlIc testlll~,  ])IOCCSS
i s  I(~j)(’dl(’(1.  IVIIC]I  a sIIitaijlc ])c]]alty  f~lll(tioll  i s  found,  tlicl]  IIIa]JS of tfIt~ (Iala  are
cIcatfxl llsi~l~; tfIr IIIOSt ])]ol)al)]c  cocfJi(i(:ll(s f’()] a  IIip;li dcgy(Y~ fit.

All a])l)ro])riate  I)rltal[y fu{lctioll  II ILISt tal<cti~()])ic(cs()f l)lic)rl<llowlc(lp)(il)tc)
a((oulIt.  l“irst,  {1)0 iclf]) ill l]lc s e r i e s  lvl]i(l]  coIrm])oIIds t o  tlI(: g]ol)al II ICa II (/ ~ ( ) ,
Jt’llicll illlljlics ?il = O) IIlust l)f2 w(:iglltcxl IIlllcll 1(:sS tllall tll(’ otllC1’s h ( ’ c a u s e  it is

(X])mtd to 1)(? mllcll lal’g,(’r tlIa II ally otjl)cr tcIIn ill tlI(J scli(s. SWmldly,  tllc t(’rlfls
Iv])icl) IC])IeSCIIt ])uwly 111(’ridiolla]  st, Iu(tur(,  ({ + (), ?n  : ())  II IUS(, I.)e \\rei:,lltc’(1 ](ss

LIIal I tlIose  Wit]l 7s)lIa~ str[]ctllre (J+ (),?// :/ O )  Imausc lncli(liollal  gradicllfs  ill llIC
l’;arlf I’s atlIlosl)lIcrc arc cx~)cc.tjd  to be lIlllclI stmllger tjllalI zoIIal graclicitts. \!~it]l
tlIcsc (ollsiclclatiolls,”  aII a])l)rol)riatc follll of tllc.~)cnaltjy  Inat!ix turlts OIIt tc) I,t,

{

I / 1000, f o r  1: 0
(>,72 ~ U’(1-l 1):’/100, fol” /#o,?/?= () (14)

/:+(/-{ ]):~, for /#o, 7/? #0,

‘1’0 SIIOW that IIigllm  OIX1(H  JIIodds  arc a l l  qually  ])rol)iil.)lc  Wit,ll tflis forlnulatiol)  fol

lIIC ])(’IIalty ful)ctioll, tfl(’ ])lol)al)ilitim along  \vitll scwral otltcr filtd qualllitiw ill’C

listlcx] ill table 1, 111 gcllcxatill~;  t h i s  tal.~le, I,IIC gcqwtm~tial IIcip,llt f o r  tllc loO-IIIl)aI

l) ImsIIIe  sllrfam was il]lrr])olatfxl givclt tlIc occul ta t ion  data  set ol)lailld  (Illrillp, 111(~

S(lllllllcl’.

4 . 2  Gcopotcntid maJ~s

lpip)~llcs~J ii-(lsl ic)lrll lii])s() ftltcgc{ )])c)t(ll  ti; llllfig;llts()f tll(,l()(),  2() O-, ;l()() ,aII(l
400-rIIlmI” surfaces dlirillg  lIIC SIIIIIIIICI. ‘J1lIe  locatiol] .311d IIcig,lll o f  cd(l)  occ~lltaliol]
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011(! coIlscquolcc  of tllc s i n g l e - v a h l d  iJlt’(:1’])olat’ioJl” 11)( ’aSUl’ClllCJlt C! I’I’01’  is t h a t
tl)r clml l)al’s ;II fig;uw 6 are larger ill tlic t]o])ics tjl~all ill tl]r IIlidldtitudm. ‘1’ltc sizcx
o f  t II(. c,ll’or bars  aw l“ollf,ll]y  thC! il)t[:rlx)lal  ion C1’I’01’ (Tj,,t~]J, (Iiii(l(’d 1)~ tllc Sc]llal’(’ loot

of (Ii(’ lJU]]llXH of J~oillk  ill a 30° latitude Ijitl. ‘J’lIC Crmls  I)als ale lalg;cr  ill tllc t lo])ics
tllall  a t  ll]idlatittldcs l)mallse thmc arc fe~w:r IIleasumt)mits ;]) tltc: tm]~;cs  t]lan  a t
Illi(]]iltit[l(](>s.  IN trut]i, t]iougl],  LIIC dmr(’asd varial)ility ill t]le  tloJ~ics  s h o u l d  IIlakc
(11( (vYOI l)als in t,hc tmJ)ics slllallm tllal)  at  micllatitudrs.

4 . 2 . 2  A t m o s p h e r i c  fcmiurcs



Geopotential Height by GPS 14

(a)
Height of 10Omb Surface, Summer AS-off Period

Stephen S. L eroY

~:. .%_<~
15.0 15.5 16.0

Geopdential  Height (gpl(n))
16.5

(1))

Height of 200mb Surface, Summer AS-off Period

~’” ;$
11.0 11.5 12,0

Geopotential  Height  (gpl(m)
12.5

F i g . 5. (;copotclltial IIc’igllt IIla])s  o f  I.-Olls(;lllt  J) ICSSIIIC  Sul’faws, Sllllllll(.r 199,5.  Cmlt,mll  ]Ila])s of
111( gm])ot,t~]lt,jal  IIcigllts arc ov~rlaicl  uJ)cJ]I t}Ic d a t a  avnilal)lf, ‘J’IIc data is  locat[y]  aIId color-cc)cl[:d
accord i]lg to tllc c)ccultlatiofi  locatic)lls  alId tll(.  retri(~v(y] g(,c)])c)tcjltia]  ]l(~jgllt,  ]I;:IC}I  111~1)  is :, t,w(.]ft,]l  -
(1(’gr(.(,  sl)licrical IIartllc)]lic  IIayesi:ttl i]ltrrj)cjl:itic]]l  of tl]c datzt  :ivail;ll)](. (;c)llt,ollrs  aIY~ sq)~y:+t,~.~j l~y
0.2 gIIk III. (a) 100-] lll,:ir  surfaw, (II) 200-]lll)ar surface, (c)  300- II Il,ar surface, (d) 400- II Il)ar surfac~:.
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(c)
Height of 300mb Surface, Summer AS-off Period

~:
——..<t :
~ :=~

8.5 9 . 0
Geordentiat  Height (gpkm)

9.5

( d )

Height  of 400mb Surface, Summer AS-off Period

~, ~~ ~~.*
6.4 6.6 6:8 7.o ““”  7.2

Geopdential  Height (gpkn))
7.4 7.6

]1’ig. /j. cc)]ltillu(yl.
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.
},rcssurc  (I]]illit,ars) IIlcasurcillc]]t  e r r o r  (g})III) glc,},al a}crap,cltcigl(t  (F, JdilIl)

100 71.3 1(; .3153:1  0.()()41
200 101./! 12.04383 0.()(),58
300 117.8 9.37134 0.006,5
400 125.6 7.3!5953 0,0226

lo.o~—--— -. - . . . . .-~-,-—.—  --  - - .—.– . 1 1

9.5 –

9.0 -
.

. . . .

-
~. :. ‘

1 L.L... . . . . .~ -.-. LA—L_L4-II
-90” -Go” -30° 0° 30” 60° 90°

Latitude

11’ig.  G. Zc)IIal  avcra$e guj))otclltial lteigllt  of tlIr i-100  -lnlIar surface, saltllller 19!35. ‘1’lIr ZOIIHI average
coll~]jollclli  of Illc IIlall  slIow’11 iIl figarc 5c i s  l~lo(tcd  as a fuflctic)ll  o f  Iati(udc, ‘1’IIc l(~,ic)ll lvitllilj
e r r o r  of tlIc  avcra~c falls witllill tllc daslird Iitlcs. ‘1’IIc d a t a  arc ])lc)ttd  as illdividua]  J)oitlts,

At 100 ~nillil); irsj tlIouglI, tllc (s(lIltItol-tc)-])ole”  p,(o]mtc.lltial  gradic}ll i s  II]ucl]
sJ]]allrt t,l]a]l at lower altitudes. ‘J’]Ic c]i{l”erell~c ill gco]mt,c]}t,i~l  l~cigl]t I)ctwccl]  t)]c
]I(jrt II ])c)le a]lcl t,l Ic trol)ics is a])])]c)xil]l;lt(’ly  NJ() 900 g,])III at 2?00 400 Illillil)ars IvIIuras
it is <I])])]c)xi]ltatclj:  300  gjJIll at 1 0 0 ”  ]Ilillil)ars.  $i]lcc tllc gcwi,m~)llic  zOIIal  Lvilld I/g is
r(~latcd k lJIIC ]nu]di O]]al ~(:()])()t(~l]ti;tl l]ci~,llt gtadic])t  l)}’

(15)

I I I  ~f’ljicl] f) = 27T/(:)’l  lIfs), O is latitu(lt. aiI(l 1{{ is tllr ladius O f  tl]c ltartl I, tll(’ ]I()]tllc)]]
Itliclla titjllcl[:jct is  slllallc.r  at 100 IIlillil)ars  Ilta]] at 200” to 400 t))illil}al’s  I)y (io(~. ‘1’]ic
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II I(KIIa IIi SIII for lIIC dway of winds is lIIost l i k e l y  tlIc ladiativc IIcati])g  of tl)r lmvo
at II I(ISj)l  ICIYS i]) tltc lNo ItlIe III llel Ilis})l  Icrc.

‘I’])( ]])0s1 l)ml]~il)mit zo]]ally  asyl]llllctric fcatllrc is a local  IIigll over  (I]c  south -
caslcr]l l)acific)  Wl]icll i s  lllost, liliCl~ tllc (Illasi-statiollzlly ~!’avc kllo~vll to ])crsist
tl)l’oug;  llollt” tll(’ allllllal cycle ( W i l l l,ooII aIId JCIIIIC 1  {)72?;  (~ui]]ta]lar aII(l M(YIIOSO
199:)).  A  cross-  scctio~l of tlIc 3W-IIIlmI  geo]mtm]tial  IIcigllt IIIa]) at (i(lOS l a t i t u d e  i s
slIowII in figjlll’(’ 7 . ‘l]lIC a~’cragc o f  tl]e  l’X;M\4~l” ]110(1(1 Ol]t])[]t 01’Cr tll( Salt]c  tilllc
I)(riod  is also sl]olvll. ‘[ ’1](: gm)]x)tell{ial  l~(igllt at 1200\\”  is  (l(>vatml I)y ;I])])loxi]i]<itcly

2!)()  ~;])]II  i]] co]]]])ariso]]  \vill] tlIc Z(J]I;II  a\ T(’Iag(’. A t  tllc SaIIIC locatiul tllc (vm] e:;-
til]]at( i s  25 g])lll. ‘1111( l]i~ll at 12S)”\V i s  tl]c SaIII( ill tll( l’X~iMWIJ 11)0(1(:1 (Jtlt])ut.
‘1’11(’]’(’ is a \!’C’; iliCl’ lli~,li :111{1 a IOW at 1 1 2 ° 1 ”,  [III(1  1501;, lcs])((tii’(:1~’.  ‘1’1)( 111()(1(1  a\(:l-

agc slI()\vs a }]ig;l] alI(l d loli ill t,ll(~ SaIIIC locatio]ls) (W(”(q)t  11101’(” ])l’oll  ollll(’(’(iij’.” ‘] ’]]?lt

tl)c i]ltcr])olatiol]” (10(’s  IIot iiccurat(’]y ac(uIIIIt for tlIC l](i~,l)tll aIId dq)tl) o f  tll(w t w o

1( ’at 111(’s  is r(’fl(’ct(’(1  ill t 11(’ s i z e  o f  tll(’ (1101 l)ill’S:  t 11(’ illcwasc ill (Jllol is a C{)tls((lll(]lcc
of ;1 1()( ’al ])?l Ll(’itJ’  of (Iat:i.

SOIIIC less ])]o]tlill(]lt fcat,ulw of zoIIal  asyIJIIII(’tr; al)j)(a]’  i]] tllc JIorl Il(tll l](lJJ:I-
s])II(*I(’, l)IIt tlI(’y arc ]Iot ])osit i~’c (1(’( c({ io]ls of a rod] stat ]OIIary fcatum. l“i~,l]lr 8 SIIOIVS
a  sitl]ilar cross -s(xtio]] 1)111 at 400AT lat, it, tld(’. ‘J’l Ie \va\’cIIIllIIl)(’r 3  c.o]]]])o]]c]lt, (jf t]iis
(loss-s(:(:tio]l”  lIas all a]i]])litu(lc o f  4 6  :1 20  F,])I II; bllt 1)( ’calls( tll(’ local  Valial)ilitj i s
siF; llifical)t]y  IIJIc](,IestiIIIat(~cl at all llli(i]atit(lc]c~sl tlIis  i s  l)ro])ab]y c)II]y s]ip,lltly p,rcatm

tltatt a  011(’ sig]l]a d e t e c t  io]i. Ill(l(’(’ (l, 111(’ l’;(; M\4~l” IIlo(l(l  a\’(’l’agC  sllo~fs II() (Icfillite
\Y;Il(IIlllIIl)el  3 stl(lcllltc a l  lllis latitll(l(>.

4 . 3  l’osition del)el]dellt$ l.)ias

‘J’l Ie i]lt(:]l)ol;ltio]l  ltl(’;lsLllC1l](:llt  crml ill (Jllis case  is sli~l)lly  ]msitiml  de])elldcllt,
1)111 tlot a s  ]]]ucl) as ill tlI( j)r(:violls  i]ll(ll)(jl:ltio]ls. ‘J’])(’ ~,lol)al  IIlodd  i s  kll(l\!’11  t o  I)(:

ICssaccurak;ll sc)lll(lcg,ic]listllal) otllcrs asa Cc)ltscc]ll(:ll((c)f(lata availal)ility. ‘1’llis
IVOIII(l  lllakC UiI,~~,}, ])(xiitiO]i {1{ ’]) Cll CICIlt, l)llt l)y rc]I]ovil]F;tll(  at]l]m])llcric. l’iitial~ility,

tllc largmt,  mum o f  ]msitiol]  c~cIKHI(lcIIcc  is dilnillatd.

‘1’IIC ]mlalty fl]llctioll Lllcll l)ecoIIIm less coIl~])li(:atd tl]a]l t,l Ic ])rcviolls. llc-
(ausc tl]c’ difrmvlcc Ixilvcx)l  tlic ol)s(’rlwtiolls  and tllc IIIodcl outj)ut,  i s  IIOt (~xl)mtd

to IIavc ally ]ms;tiol]  dqmtdcllt stluctum, ]lo slmializd Wciglltillg  ill ttlc ])cIIalty

fllllctio]l  is IImmsaly. 11] fact, a  ])el)alty  fllllctioll lvllicll Illi]lilllizm  cun~a(~l]c i s  al]
tltat  is IIwcssa]y:

{
(’,, ~ ‘

roll= 7// ~ 0,
/)( /-[ I)J otllerivise. (1(i)
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Height Difference at 300mb: Occultations - ECMWF, Summer
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Fig.  9. Nlap c)f tfIc g,tY3])otclItial lIciglIt di(lkre]lcc c)f tlIC 3t)OIIIl Jar Surface lwtwemI tliat ol)lailld
frc)lll tlIcI c)ccultnticjlls  aIId tfIat o})taitlcd fK)III tllc lX~hl\f’1’ glo]ml II IOCICI. A c.o]) tour ]]m)) of tl]c
diflmeltcc IW!WQCII 300-r  IIl)a I gcoI)OtcIItial  II(iglits c)l)taillcd  fICIIII tlw acultatiwl data a~Id tllc  SaIIIO

~iv~>ll IV tJl~ l(~~~hf~f’l(’  d~)l)a] IIICj~Cl  is s~llj~rillll)~)s~:{l  UPOII tfIC difl~r~:llct’ data. ‘1’IIC ]x)i]lts a rc  ]ocatd
alId color- c.c)dd accord i]lg  tc) tlic  I)ositic)ll  o f  tlIc occul(atioli alId tfIc gm]mtmiti~il  ltci,gl)t diflcmlce
bctwcell it aIId tfIc  colcxakd II IOdCl quatltit,y. ‘J’lIc IIIa~) is gcllereitwf l)y a twclftfI clegrcc IIaycsiall
i]lterl)c)lation.  Colltc)urs arc scl)aratd  I)y 1 0  .gI)III.

as IJoi]ltld out, by Kursillslii d al. (1 996a)<

‘J’lIc oc.cultatimls slmv tjllat  tlIe 300-lIIlmr  surf am is IIigllcu tlIaII ill tflIC II IOdCl
out])ui ill tllc swtlIcrlI  IIc]l)is])l)crc,  I)ut ]owcr  tlIa JI ill ilIe II Ioclcl out])ut  ill tlIC IIort,lI-
CI’JI ll(v Ilis])llcm. ‘1’llis is cwllsistellt  with  tlIc s t a t i s t i c s  ill figIIIc  3. ltvcII  t) IouglI tllc:
I)ias is tllc sOutlIcrlI  IIcll]is})lmc is largyly mud I)y tlIc altolna]y  ill tlIe soutlI  l’acific,
ltmdlldcm tlICIC i s  suhtalltial l)ias  CISCWIICIC  ill tlIC sout}Ic III }Im)lis])llmc. 1~’or (x-

al II])lc, tll ICrC is a large r@MI of’ ]wsitiw I)ias lmtwcml  0° ~IId J35°1t  wliicll lxmks  at
+20 .gpIII IICaI 60°1{1  ill tlm soutlI. ‘I’l Ic olIly slightly IIegativdy b i a s e d  rcgioll  ill tjlIe
south  lim SOLItl I of %utll Alllmim WIICIW tlIC I)ias IICVCI falls lWIOW -1 () gl)III.

5. IIiscussion

l’rcwious  w o r k  wit]] rad io  occul(atio]l of tltc ltarl]t’s atlllos])llcrc using  G1’S
l~as focuscxl  mt t)lIt! Idricval of t)clll]maiurc l’crsus ])rcssurc. ‘J’ltis Ivork utilims tjllc
al)ilit,y of C1]S  to do ]mcisc lwsitimlillg to lncasurc tllc almlutc l)ciglltl o f  co Jtsta]It
] )l”C!SSII 1’(: surfaces. Kursillski d a l .  ( 1  W].)) l)ave tll(!ol’ctically Cal(’lllatd t,lla{ tllc
gm]x)twltial  llcigllt error is akut 7 glJIIl at, 300” ]Ilillibars. IICW all error cwt,jllla(c is
II Iadc l.rj col]l]mril)g  occ.ultjatioli  okrvalliol]s frmll  G1’S/Ml’;rJ’  wit]l out])ut fro]]] tile
];(;h~  \~~]<’ g]oba]  II Iodc].  Also,  all attmll])t is JI Iadc to ddcrlllillc g]oh] average  gcw]N-
klltial ]lCi~]lt dIIIill~ a ~WO \$rCCk  ]XTid ill {]1[! SUIIIIII(!l’ Of ]  !)!)b Wit]lOllt ~]lC lJCIICfi~

of ouhidc il]forl~~atioll. JJillally, tile I)ias }Mwwll (11(: o c c u l t a t i o n ]  II)casurm!]mlts  aIId

tile l;(;M\Vl~  l]loclr]  is ddcrll)llld as a fullct,iwl  of ])ositio]l  ill order  to dCIIIOIIStIat,  C
tlIat l’X;M\J71r lIIOdel ]wrforlllallcc,  is a ful)clioli of ])ositioll  011 tlIe .glo}Jc.
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OIIlya II ul)])cIl)OuII(l  (aII l)c])liiccdolI  tllcclfolassociatf’(1”  Witl] asill$,lcltlca-
sure]]]c]lt  of tll(~ F;(:c)])ot(’llti?il  IIcigtlt  of a Collstallt  ])wssllw sutfam. 11] tl]is ]M]WI, tl]at,
(~still]tlt(:}$’tls ]N:rfOIIIICd I)3T cc)lll])alill goccllltatic)li lll(:as~ll(:lll(’lltsto t]leout])ut of t}lr
l’;(;A4\V1:gl(Jl)al  l])()(lc:l,  }t'lli(lli ts[lflli isassc)ci;]tIcl(  t[(Jls. ,Sillcr  tllc tluc l]]casllleltle]lt
clmr ]Ilust lw i}ldc]wlldc]lt of’ }msitio]~, tll(’ 11])] )( ’1’ I)[)ul)d 01) tl)c 11)( ’aslll’(’lll(’llt, (’]’1’()]
i s  tlIc 10 W(:S1 (lct(~rtllill(: (:rror  ill tltc I)cstj II)odclc(l  rcgiw) of tl)c glol)e. ‘I’l Iat rcgioll  i s
almw 300h T latitude ill this work, \vl Icrc tlIc crmr Jras  found to I)e a])l)loxi]]la(clv  20
g,j)lll t,lllougllollt”  ttlc tl’()])()s])ll(w’.

AIIy attmtll)t to II I(asuI(  p,(’ol)ot(llti  al” IIcig,l]ts w~iollally  or gloljall~’ mitllol.lt
o u t s i d e  l< IIoulc(lgc is dc])c IIdc IIt OII sj’lio])lic I’alial)iliiy. \Yitll data ftol]!  just O]IC (Ir-
Ijitillg r(uiver, 011( CaII colistrlict al) ad(’qllatc ll]a])  OIIlj” if(lata  s])allllillg, s(~l’(:ral (lays
arc used as a sillgl(’ set. IIltllisc.asr, l)((allsI=tl lCaill)()s])llelI'  vali(`s(llt il]);]ti(allycjicl
tilllf,  c:s])ccial  lyc)lltsicl(~  tllctro])ics, aIIy (l(~t(~ltllil]atioll Of  CIIX)I’  ])(:I IIICJ;ISIII(’IIIC*II1  (011-
SiSt, S ];ll’p;(}]}’ o f  t]l(’ lllll’CSO]\)Cd  t(’lll])ol’d] ~’{ll”ia])i]i{~’. N(J(ltll(l(:ss,(llllillf’,  lII(SUIIIIII (I.

\vill) O\’(:1  (KM ()((lllttitic)lls,  lIIC F,lol)a] avcraf,c ~ml)ot(’lltidl  llc~if;llt o f  lIIC alft]osl)llcw
a t  3 0 0 ”  ]Ilillil)ars is foull(l to l)c 9,:; ’(1 :1 7 /,])111. ‘1’11(  Il]lccltai]]ty t~li(’S il]to collsi(lcl-
atioll tjllc atlllosl)l)cric varial)ilitv over two  \\ ’(  ’(’ii  S ?IIId tllc slm( ial llollllolllof’(:ll(~iti’ of

])t]lil)/,  (,11( f a l l .  llo\\’(’\’(’1”,  ])1’OI):II)IJ”  Illol’(” tllall  6 0 0 ”  <Jl)s(,rvatiolls ~!f’tf ol)laiilcd, I)lit
Il](y mllaill ulla(ldmmd ill this ivolk.

A  fllt~ll((olistclltltic)l) ol’oll) ilillp,l( ((ii’(lslfolll(l (asilyallotf for r(giollal  aIId
p,lol)a] (lilll:it( stll(lics. I\y usili~, IIIalIJ  lc((iv(rsl (11(1 s])atial  -t(:ll)])ol:il  I)ias lvol]l(l 1)(
r(IIIIovd.  l“IIItlI (’111101(:, tile ill(r(~as(xl qualltit~’ o f  (]ata \vOulcl all O\v fol fill(:r tclll])mal

wsolu(ioll,  tlltls  dwmisillg tlir s~’llo])tic varial)ilit~’  J{’llicli d(~gradd  lII(J II]al)])illg  ill
(I]is ])a])cr. lf 011(  asslll IIcs that a  fllturc  orl)iti]l~, r(((i\cr ol)tairls :)()() o c c u l t a t i o n s

I)(I (lay, a fl]tlllC  {ollstellatioll o f  16 orl)ilillp,  w((i[(’ls Slloul(l 1)(’ al)l(’ t o  1]](’aslll”(’
p,]()])a]  aV(>]aF,{~  ~()()l)()t,C]lt,ia]  ]I(>if,ll(s  ill t])(>  [,l’()~)()S ])ll(’l’(’ [f’it]l all a(’(’111’a(’~  of ]  ~,])111
cacl]  d a y .  I f  ollc assu IIIcs a II(arly  dry adial)atic Io1!(I atlllos])llcw lvitll  ulldlallg,illp,
li lass,  (I]c  IIciglll c)f tll(’ 30()-llll)al  slllfacc (’x])all(ls  :{() {;I)III  fol cv(’ry  dcI~,IcLc of ~~’arll]ill~<.
Atlc)~\cl])lcss~llcs Witllill tl]et]()])()sj)ll(](, collstal)t ])wssuw  surfacm ris[’ c!vcIt Ino]’(1.
‘1111(: Stl’atc)sl)ll(’l’(’, llc)J$cJ’t:l,is[:x])((t(cl tocoo] l)~r . 11° (~ bmauseof li~cli;l(ii’ccc)olil]p;
I)y callmll d i o x i d e  (1’’dsct al. 1980)., al~d tl~us its tlli(’lil ICSSSl)[)[ll(l ({(cr(asc.

‘J’llca(cllla(yc)f  a mgiolla]  ltl(as~ll(>li](l]t c)i’~,(’()])()t(lltial II(iglits is dqmtdm~t
011 tllc six o f  tl)c rc~;iol] and its llatllrc. PJat[lrall}, tt)c Iargcr tl}c r(:g,ioll, t,lIc li]orc
ol)scrvatiolls Itllicll Cal] lm ud ill all (:stilll:itioll,{ll;(l 11(’llcctllcglcat(l  ac(uracy with
llllicll gm)]wtclltial  ltcigllts call IN’ 111(  ’asu I(xl. S((OIlcll J’, Ic~;iOlls  ~villl l(ms syllO])tic

valial)ility  Will Yield lnow accurate g;(’{)l)c)tt~lltitll Ileigllt  mtilnate.s. 1/01  il]stanm, it i s
(*1’i(lcI)t ill fir; urc 6 that tllctm])i(s arc far less varial)l(’  tl]al) dscwl)cre, all allllospllmic
1)1 ICI IO IIKUIOII wllicll  is a cc)l}sccj[lClic.cc  )ftlicl~fal al)sellc.(!of])lall(:tary  vorticit-y.  Sillc.c
lllicl-tlol)osl)li(~li(”  t(’lll])craturc il)(”rcascs sIIoLII(I 1)(’ IIlost casilj~ dci,cctc(l ill tlIc i,ro])ics
I)(uausc  o f  tlte dq)wssd valial.)ility  (Ilallscli d a l . 19$ S) ,  ollc Cal) allti(i])atc that
p;(w])otmltial IIci,gllt illcmiscx sllou]d  a l s o  IN Illowcasily ddmtd ill tlIC tro])ic.s,
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