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Atmmphcrlr t~ ~I? pltUK't.lf)' J(;li:C" WMVC mmion> In tJ\~ M'!Jit.ml :.1 nw"flhe'R' with prr1ocL'\ ddirwod hy Unh', tQlAI iCM• r.attt, 

11~· :.ln'. :smong the: rn~• :nriki1~ dyn:a•niolf~.lttareo. in tlu• ITW~Il.'qti1C'n:' and thnmmplun. ;uwi :a:rr known 10 mli:nrihut~ 
iaNliSphnte plAsma. ahrout!Jt dyn;uno pmrTuo.. 'f'h.i~ rutidt' rn•£coows tJxo uUC!nJ !Gumn ol the lido from thcowdr.<~l ;a:nd 
~"n'iltiON..I ptnp«th'O. lndud.ill{! 1.hc n:ccm discovny thal •nn~omphc-ric Uda conn«c. plml"tilJ)'·5Gllc wntht'r J»llmH 
wlrh th< ·..,...., ..... ~>d of th.-lo!IOSl'h«<·~""'no>j>l><:re. 

Introduction 

AUli())f1~11trk Lido AIC ubktultClu~ r.•,Uures ur the! f:.u1h's olln\n 

sphcn:. 11><y arc tbc pcnistcm glob.ll osdllaliom that ""' 
observed In .111 t)'pu of ;umospheric 6t>Jch. lud udlng wlnd. 
tompermurt, pre .. uro, deoshy, Jlld gropotondal h<!tgh<. fld•l 
oso11-aliort5 htlvt' f'\-"liodsth-:~ 1 an: tiOmC" int.:scr fr.tetion of ;a sol11r 
or lunAr d.l)'. 1bc sol~u diurnal and scmidiumal 1ides have 1-l 
•nd 12 h periods. rcspcaiwly. The lunar diurnJitidal pcriod is 
abmu 14-8 h, '"''hdt: the lu.ur ll"mtldlum:ll pHiod i.s 12.4 b. 
ScicmisLS ofltn u~c a .1hon.h.lnd noco~1ion 10 rtprc9C'n1 ,,-ol.-,r and 
lun.u I ide&. Sl and Sl rein ""PCCliw ly 10 thc-><>l.udium.ll •nd 
~mi~lurll.\ltldo. l'hdr lunar counterpatll Mt M I and MZ. 

Almc),_r ttcri(' lh.lt:l' h.il\'t' lw:t"n ~hldKl.l for mo1ny )'f,l t' ~ltw:c­
they .-n: cvidcnl in both wtr\IC\" prasure 1.nd m4nt:tir ob)(r­
••tions tbot d•l< back to thrtul)• pan of thttwmtieth century. 
ftgull.': I Utunr:uo _. umc aHlo or Jlt• (o~C\! ptt.~sut-c me.•~ur(­

m~uts m.ulr .11 U...ta.n., ( 1lOw known ;b J .. karu. lndono.lA) 

duri113thc 6m S <Lay• of lanu;uy in 1925 '!he domlnant fcatuK 
of Lbis tim~ wrk>s pnwidl'S Mdencc or tht- soliu scmldiumJI 
ltmo<phcrk tide. Sp«Jfic.>lly. tbcre Is a I to l~>I'J dt>Vl1uon 
from th..· aw~ prc.Mlnt of a.bout 1011 h~ th41t ocrurs 
regularly ill 11 b imervatJ. lltis ~midiumal varia1ion il 
modula11:"d. by olher variations. bu1 lhr tOnner b .such n persis· 
letil osdlbllol) lh.U lh~ &etnttHuuuJ tl.d,e b ilL.o the dom..iruuu 
Q1dll-atiQn in l'nQOlhl)'. )'Cilrty, and C'\'m mulli)'f"ilr <IY""-S'fS o( 

daily surf~ ru1~swr~: m(al\:urcmcm3 mildr at fl.al .. w i.a 
Amtosph<'rlc lldeo art funJ>er dt3Q<U.'1iud by tl\elr soun:.,., 

lh4" Moon'~ wavily forfi''lo d~ lun ... r .nmn'1'ht>rif' ci(lc-. '\ htlt $OI.U 

1011' .-----.-----.----.---,-----, 

{ 
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"" 
flgort 1 Surl.lco fliiSSUII (loPa) ill S<IIO'ria (J&!wU. lndonom) 
against timo during lho lint 5 di!YS ol Jaou;vy 1925. 

auno$.phcrk tidt"S an be cxdtcd in lt\WAI W.l}-'5>~ lnduding th~ 
l\bsoqM.Iui\ fl( "'-'Lu l.'ldluiOI\, 141~.&1t ldLMI hGAI h !:l(".tSe 

:uu.od.ued with tk>t:p Mu\'t(thte t:loud~ In tht' ll()Jlmf'hl'f< .. th~ 
gJFitational pull of the Sun. •nd ;u >C<Ond>ry .,.., . .,. due to 
llonlinear ,.,a,~-WJ\"1! lmcr;aaiom.. 1bt n::sloring f(l{tt lh3t aas 
on .uonosphcric M., Is gtllVIty. so tides Jr< a spccbl dm o f 
bUoy.tllo(')'OTgr.n-ity \\'3\"'.lln)ik4" ht{th-f•r:qu:Ol<)' grn:vhyw.,-~ 
ddcs are .Jiocted by tbc E.mh'• roldtion and sph<!ricil)' b<auS<! of 
their compa.mtivcl)' Ja.rge JM!11odicities and horizontal sc~le.s.. 
Sol.u ~tmm.pherit tuJes are ~nerAlly l:t.rster d ttu\ lw\:at lades and 
dominalc lh~ 1id-.1l molions in 1hc middk and upJM:7 atmo­
>flh<T<. tlo.ll is. thr stm IO>flh<T<. mt:50sph~"'· Md r hnmO\'iphtre 
Mo vo I lllu11r.11n lht combined dournal and 5emldlunLllllcLll 
nu)lion ... QU~*il h)' "c;~.,,. o~Ul1U..iphc"rk tl4.1(.~ ln tht lowt::r lhC't· 

n>O<IphM:. Tmtx.,..tun: •ntl wincl•pt:\"d>on '1"Y by moo.: th•n 
GO K and > I 00 nH- 1 within a (<W hOUIS. 

1M gt.r'let.t.l O\.ldl<madal b:Jli"E:S.~i-on ror .. tid.1J CMC•U.utun 
1~ ~h·~ by t'tnl J. ,,.,hl:'11'" A b 1ht tlliiJtiLIIudtohh.: ...... n:ulonln 
some atmO.!IlJhcrk ticld. q b its fn.-quc.ncy. l is univc.rsa.l timc, 
lis longnudc~ a.nd s ~ 0 lithe zonal w.n-cnumbt'r (the number 
of w;l\•e a<Sts th•• occur along J Ia~ tude circle). lh<' (.<.l - all 
l{mn of •·qn I j_, dl(l.)itn JC) thou dH!" sifU! o( a i' mdk.llfVt' of l ilt 
7..on.1.l dut'Ction of prop..tg.nion· " > 0 corresponds to c-• .utw.ard 
prop.ag.ali ng WJ'\'l'"S and fl < 0 10 \\1?!RW"ard pro.pJ.& .. Uiog Wa\"'E'i • 

I! tM so c.tllid tl.dal ptuse. A cr~1 of the\\ .tv~ ocn.ul when c: qu 

I ' I i• ""i•fi<d 

., = ~l - ac 

The hoJizontJ>l phase speed o( the llde. '"" l• defined by 
dofl'l~end.tlng L'JII J!l (<q~>> I I J .uoJ J IIJ. 

Ill 

d.l , .,.,,,. __ _ 
dJ j 

For solar tides,. the 1rnh ha.anonk frLI<(Jurncy b """ = rJk1a • 
"'herem i.sa posillv~OI ll~'\U\'e ttllt"_gel a.od 111 a (1"1'!/ 24) b 1• 

Rewriting the: mathcmatial exprt'$5ion for 01 cidc in tt:"rms o f LT 
(boors). r1 ... ' ..,... } j f11, mulu in J m.athem;aticat aprt"SSion of 
thdorm o f cq1 1'1-
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l'cf tht wb<tl o( otmo'l'hcric uJes l<oown ... 
mil!1"1i"1! >OI•r ddM, 1 • 01 (with"' < 0) •nd " I" I • ....tu<n 
10 1'•1 

161 

~ flllt;l.llUlJ ioOlll tktn h.a\1!: d~ UJlW' IOl..AI lUlW \MU 

'"'" •• olllor>t~oludn If,. I ••ld r 1. 1lw trdr "d•urm.l 
.n<J 1110\<S Of """"'"' .......... td '" ~ .. ilh ""' •pp.um• ITklllon o( 1hc "un (rom t1w pmp<an~ o( • pound­
b..-! c"'-"'wc luctll('c, .,.. (lrt/24) h \cmll,uly, If 
"' 1 •nd r 1 IMn tlw ,. . .,..., 1> • m~wma ..-nndrumal 
Udt. llw rcmJIDI"l! .. t ol ~~sal< W0\'0 Wllh ud.ol pmo<b 
t!UI .~n not >un-oynchrooou• .Ut known ot nonnllp ... og tides. 
'lonm•ttnU"l' 1~ m • .y tw ,.ltwal ""w;a~ th..c ltroJl.lplc to 
th< wnt mow .. pl<lty or •lowly dun tlw \tcr• or tl1,11 prop.lpl< 
<.~>rwa•d. 0< tlut •rc ... u><h"Co ~hl!f•Una and nonmrgr.aur.: 
M)l.lr u..ta. J.tt olttn aJtnu6td b)· U:'-ut8 .a leuer/Btun~r c~ 
that lndlUit<l fH''-IU4"1V"y, PtOil.lS-llltH\ dutnlt)A. .u\d l:Ot\.-1.1 

W<l\"C"numbcr OWs or OCt '' • -w.·C'.ttwM\1 or r.\t'W41rd rrop;._ 
ga1ing dlum•l lid<'. 11'\pmtn:ly, with poslll>< wn.11 .., .... 
numb<r • lorstmldlum.tl tkk"' I> It ''1'i.K<d by~. •nd IJO, ~o 
,ut "M.andlnft flllnn.JI <t1nd ~cmldrum.1 l tide-\. rnpc"(dwly. \\"ith 

thb nomend"uR'. tl1e tnlg.•llng dturnal (scmidlum.~l) tide is 
OWl (SWl) ,,nd DEJ, lor e>.itmplr, IJ;;II><·»twJrd pmp•g.otlng 
dlum.d tldt." Of I.'U\.1l W,I\'UllUUbtr }, 

All tid(1 ron1~1in rompont n1J I hi&l pror·dtti."f in thf \'Mini 
difl'dlon "· I hr <««<• of upw~td·l•ror~llrtg li<l•l romro­
nenu 1re p;tnlcular1y ltnpon.uu bt."C.U.tst th<'k' W.IVC!I grow In 
.unplitud< -Qp(t/111) wltln.r•ltlt<'t~hll l( kt~'T(Af~whc,.lrr. 
i._; ahc l\nll7lllo1nn ron,.t:mt. 1 iJ h.'nlptt.IILu~. M Is the ntl~n 
molmd•r m;us. a11d 1 b L1rll1's gta,il)' •ccdcr•oon) a. they 
COilsa'\'C\!-nCfl)' lll anolltnotphcrc '' h~dauit)' dccrt.ua wuh 
U'W Ur.L\lfiA ~hltudt", 11\ltt.. tl~''li With ln,lgrtlfic .U\1 I:UUtlJ.atudo Ill 

dM"ir IC~w" olltn():'llphnk rq.on" of nrit ,uon ohcn ;~l iM the 
"rP<f ••mo•phm- rroloondl) lxT•u>< they introduce l•rg< 
otrno>phcrl< V.u\AUOII> WUh lot.JI Urn<' dnd fxT•u .. tMy n .. y 
dh~f'.llc:' .mc.l ~1('1~' thfi, mcrJ\Y <~nd monlC'ntum dW'1rin 

Classical n11a1 Theory 

a. .. raltid>llheol) tr<•u th< ucla •• JICI1Urb.ltom on • b.a>ic 
w~ "'.ah lkllhd nw<&..n·flow not huruonul tt·nlpd'aturtt 

g,.whtnu In olD Ul\'""""' "''~- h ptO\Kks, rr.t..~rubt~ 

dncrirunn or •tmo>J>I>m< todn in tlw """"" •nd mcddl< 
•llJ\05j)l1cR. rndudi"' tlw mooophn< •lid b thcrc(ort quilt 

w.e:ful to dnnomu.ut lniJKKUnl aldotl d\.uMltrtStift As 

dotnJw.d In dn•ll h)· C lc'l•nun .. ld I tndutt ( 1970). thtlln<'· 
anzro pnmit,...., "'1\f•\UOM (D)'Nml(;ll M<t<Ofology- l'nmllh-., 
Eqwuom) for"""" mouons dambcd b) • n I I one! I!J'-.:n 
(~ •) <.In b~ c<duc<d 10 " iolrll\k' <qwuor\ lot, fur <Un1pl<. 
gropoeC"nu.tl l'hf rnuhma C"l.tu.•l•on" K'J),,f!Jblc '"1U butudc 
and • lthudt d<!'<'ndtn« flw ldlctudcn•l p .. n "dtKnb<d by 
L>pb"''• tld•l<qu•tlon ,,nd SOl\ <d by ~compkc.onhogon.ll lk.1 
o( ~ufunctmnl (~ "llt'd l louJtl\ nu1dt.)) .md t'l~m•Jiut!'!i or 
~t,)JrAIHln CCU\It. loU\1\ (c-.atlttl ntu.Uit't11 drJ~IhJ), 

E.cb IIOuf\h mock 9~' I< • ><nn of .,,.,ci,n<d l.rstndrc 
polynoml.ll> "'hh 1111 > ' btang the'"''"""" merkhon•l indn 

b•ou>< it rrori<J<> inronnnion on the nurnbcr of l•tilu~•nal 
nodcund >)'Ill mroy dur<~Cttrisdo Ills quit< corn noon to rd<r 
10 • >Jl<Oii< Bough mndc .. the 8~ tiiOdt "'sunply tht (u) 
modtand tO rnovn.l.(' lht' (~It'll()' inform.Jiion ntmMIIy 1'bt 
"'1\f .... knl dqxh ~ dctmnrnn tht \'micol """"'"'or t;><h 
llouglr modt b«.ousc 11 i> linl.<d to the wnlcol ""'"~ ~. 
( • IJI 1- }. 

111 

w11h lOk hcqdlt II, « T - I T •nd .ocJc•l>"tO< lnd<lr 
y:7 ' S. and no<tllolczcd hctghu < II •mrhn 
dut equiV>km d<pths must bt (IOIIUW' but <malin tlun 
roughly 8 km for ,-mk.tJ ,..., .. prop.q;;ation L>r&"r ulue< or 
"""5Alr.~ ~tuh·.tlolt d.rpc.h:) tmply ~YtttuUy tt;;appt~ nu~ 
fi~lrt l illustr.tt .. II(J<Qgh rnodn cormpondi"'IO tlw 6r" 1W0 
propagaung • nd tr.tppcd I110det ol tht m~P"luna OW I ond 
nonmlgrmng DEJ udei, lbp<'Ciiwly. Dtum.ll prop!il>bng 
toocln. ~r.~Hy mDtmtU "' IC"..w t() mtddlt' l.aumd"' .,,wt 
''"l'l'<d mndc> ~~ mid<! I• t~ high lotitudt~ 
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Agu,. 2 (I) Houoh modes tor 11\e miQJilllO lloull\31 solar 11111 (OW1) 
11tt ll'erldiO~allndtx n IS DOStil<e 101 propaoaBno Ullcs and neuaiNe lor 
lr.ll>PIII odes. (b) Santo 31$ (a) butlol' the OE3 ntiMIIOIIIIno tv.le 



S)mmr<ric !Iough functions an: minor lmap aoout 1h<: 
cquator and O<Wr ifor t •;. evtt~ (odd} for posit~'< (n.:vtivt) 
\•.Jiues o( t1 Anl],.ymmrttk modts change s,lgn at the ~qu:nor 
ond <>rolf If n + > I< odd (cv.-n) for l><lt<ilh·c (n'l!i'tlvc) n 
lidoal Vilrl f!ltiom QF In lc:mpcm.tu~ pttSWrc'. gt"UpoH:nlla.l, 
dcmhy. and vcrtical wind as (unction of normillil..'<l height 
z.llltitud~ t), lOC\ltl w.t\ et1u1n bet j ,. .1nd (JtLt uenty • atedt.'scnbed 
by~qnl 

L ·~-~·c~)e~·~~> )8) . 
Zonal (w) ond rn<ridwnal (t•) .. ;nd •·ari<>UOII> a:r<: ckocrib<d 

by """' I 'II JIIU I " I. 
6tr {x.O) ~ L W,"(.r)U',."toll 

• 
) 10) 

with the •..-ind .. p;uulon funalON shown in Flgu« J 1<'1'" 
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Flg•re 3 (al Wild expa11110n llmCtJons for IM mliiratino dourftlll soli! 
tide lllWI) Tile lirSI Iwo proll<IOatino motle$ are Showtl lbl same as 
(al but f<tr lhe llE3 nonmipratinp lldo. 
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u~(~): I [-'-+~~]Er-'(0) • 1/' - sur' ~~ «»" I M • 

~·( I ["""~ dl '"( " ~~ - (f' - sin1 ill -~-+ dO e., ~~ )Ill 

with f - • / (20) or>d r:.ulh\ ~"$\'' .. •·d<><>tr 0 n ... '"""' 
w1nd cxp<Jinsion funcckm~ 1.1~/' hJ:~ the Amc: symmetry as I he 
corresponding l-lough mocks. \~ o n the other hand .ilJ'C 

.symmetric (3ml.symmeuir) when tht" cotrCSJ>OndlilR Nous:h 
1'1'1odt'S are ant.drtr:unttk ()i)"IUf1\eL1k) 

'1bc d~ic.al tfdal 1hrory a.pproxim:o.un the liditl motions in 
~>e lower •nd middle aunosph= rtJSooably wtll, including 
~>< m•sosphere. Cl•«lGll method! or computing tides, 
110\~t. d{l nn1 wo1k when rnf:'lln :ron:• I win& or di~-.ip<1tlnn 

a~ indudt'd. bcc3u~ Lhc maLhl!':'matlc.,ll sot·utions b«om.c= 
inK-par)blc in tht latitudinal and wnic'.al coordin~nH. H()UI.h 
ml)des .I tt! no lonAt• ,-.p,~~nfunolons of Lh~ i)'S-tem :tnd numer 
iQ I K'lfution" art n«"Ci(d , Thi1 h J'~rticulilrfy imi"Ofl..lnt in th~ 
~ltrmOSph<rt' wh<.~ lh~ tides und<rgo a .ub> .. ntiill dmtgo in 
Lhe:ir modal stnlt'lure ~hen molecular dlssip.lliOI"l bocornes 
lm110rt.mt Thn l~tlb.ltt(n' h~l~hl Ott"Uti tlp)'JrQJr:lln:'Lt"ly wl\\"11! 
th< <l»>il"rh·< ~'"" >e.ak «tu•l> Lhc ,..,,k hdRht doVIIl<d by the 
\""Crtial group \"tlodty AmpHtudc:s and phnts relax to 
appro.\.lm.ucly ron~LlUJ v,1lu~ l.n the- thcnuoe~pbue :Uld the: 
d.t.mping sl~n,fit:.unJy bro.1deJ•1 t.he horuont31 tMucture. ll 
<hould abo be 001<d thai the tim< constams of •'<~dy •nd 
moll"rular dtft'u~ion are propontonaJ lO tht squan of~- Shon 
,'Cfllal w•vden&lh dd<S or modes th<mort <Wslpat< moft' 
r.tpidly ,and r.umot prc~~~g.u.: Uti () tht• ci~A'1rnc)SJ)hn( :11 nil. 

Migrating Solar Tides 

The aboorpoon o( l'ldia!ion b)' o lonsiLudinalty lnv,ulam 
JtmO>phere I> ~·• l)rimary .ou1c< or ntlgr.ulng solar tides 
O~ns tQ the- •ot .. tlun of tl1e h...rth.tltl:i ab~rptiO• t b ,,. ... lOOk 
in tirrlt frurn th<" J)(r'iJ:k"rll,·t o( the f(lutlntl .tJ..,~~ol!'d o4>St.'n·tr 
The m ultam hcOLting gi>"U rix to mig~>dng ti<Lll oocillatiom. 
Sobr mdLulon ts aboo1~ throughout the l:anh's dtmosphero, 
thereby ad~tog migr.ui.JlS sol.ar t.kles l t o.lmost .l.U 3hltuda 
Atomic o;qs-:n, which i$ th~ m05\ .1bundam illtmosphc:ric 
comdmE:nt at altitudes about 1 SO km abo''t' the Llnh~! surfacr. 
abiorbs the shontst·WJ,·dength soiJr r.tdi;nlon, known as 
thl! tJctrecmr- ulto\·iol~t. hW"re.U.ingly lon~r w:\\•elt-ngth$ .u~ 
absorbed .. tho sol.tr rodiotion •pproadles 1h<: E.lnl•'• surl•cr. 
Mol«ul•r OX}1:<f1 (01) ab$orb< tht br-uluavioltt r•diation 
( 100-200 nm)•t aldtudl!.ne.u •bout 100-150 lan, ond Ot.One 
(0 31 •boorb• tit< lOll I<) 100-nm 301••· ultr.oviol<:t mdl•tlon 
•• mi<ldl< ••m.,phni< .rllitudn b<tw..,n •bout 30 '' " " ?0 km 
Solar ilti'I'IJed radl•don n\3)' b< ~bsotlk'<l by l•'>t<r ••por ( H,O) 
in the ltx,·ot I>J.U of the ~tanm{,ht>u! 

b~ll thoush lht<rt b flu le, tr <~lly, dtt..l romua ,lui! 10 .,.,l.n 
beating iu Ill< uppa m"'""Pb<'f< ( - 80- 100 km), measure· 
menu of ¥dnJJ 11nd tempu.uurcs exWbit SU\)flg ddlll slgn.atwcs 
IJl 1hl.~ reglon. llj;ur~ l UIUimlt~ .1n tx:tmpl~ of the m.tgnltud.e 
o( th~ mt'an winch iJld th< tidal osdiiJllons 0'\'" M!!laid~:. 

Austfillia.. J.l thae a l1jtudes. The d.st..1 points rfPre.Km the 
emw.ud winds Lh:.tt ~tcr~ measured witb the Ouddand £"Mk 
1.uf.u dUJing 2 d.t~ 10 Auk\L,il 1??4+ 'lhe d:L\1\t-d (Ut\'Ci 
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fl..,. 4 USI..anl wtll$ (1'111 ') o .. r AMiOt. Auslr1IIIA. OQIJnSI 
10ca lrr~t (h) en 1-9 Al.rQI.&IIIJ9.l 1198 tm (tot). II' il'll (rncl¢.4) 
11>1110 lnr (bo!Uim) Dll13- illt r.IISir _,.,_and­
Ql,_ 1<1 nrodtl prl<f>c:- lhlt rndtrdo tho movntr"'l do....., ond 
--.u1 .._ C-IS. l'tall!s<or IU.-pnMCIICII>t ...,..,.,__ 
IIIU.trll< Jlc>bJI·tak WO\T model (C'iW\1) tld•l pmlJnl<>l" 
f<>l ,.,..., .. ,1M louUOft of Add.lidt- \\1uk IMC\\\\1 dlff,n 
(Jilm lh~ mdltUftUmli 1ft dft..til. t))l!' mudd c..tpldl~ ttk 

"'limt r'""'"""' of 1M ob>Cf'-..1 wtnd" P"111C>d•liy "" S Au~t~.~•• 
Oltf<n'n<n m•y be auribuublc 10 •m;oJJ.>Collc w.vn oh.ll • ..., 

n04 lncludro in CSWM or to oourca o( d.l)· oo-<l•y 11<bl ''Ill· 
.ahrllly thAt .ul' iJI!I!tJ cuulnc-d 

lh< C.SW\1 prtdin•o•IS mduck man W>ndo ( 17-IH m • 1
) 

•nd bod1 ml~miliK dium•l and 5mlldlum.~l romportent~. 
Noc.obl~. cht cnlllf'tlng douriUJ •mpiJtudc. (2U· JO n1 • 1) •r. 
lo~tl("t d1.tn tht n1C'illl\ WlfMb. 11l(' C" ... \\V\t dmm.111kl1J o1n1pll 

1\Kif". .. ,.. .u lf'.,'U ... f¥tor or l Lusn th.tn lhr ~c>midlum.ll 

•mpi11U11n (8-1 S m s ) md 1M plwe of ben~ «llnponmtt 
\hlfc 111 ..,,1,.., lir,.. wcd'llll<W..,.n& •lllcudt """...,. ')() •n.J 

U ~"' lhl' h<"""k>1 , """'" i< ..,_.n •• ....,..,....,d 1"'-'"' 
"""""""'ll b iacJJCIIJ\'C o( U~lJIII w.-~ Cfl<f1!) 

~· .. ~ dar •IGII-'wm of do-o.,,...onl pb.b.: r,.,.,......,., 10 

elk t~'" \1 rr«~kuons "' hgw< • llul .. ""' .... ..s ph'dl<· 
ht"'"' ""' meN '\\~IW41nl nar IS 00 h .lt 91 km .and d\Cif ilf1' 

.. m!IM k:ctun. ., I"OG'.-..i•dy Luu umo •nd pnwcssn..ty 
lowtr •hltudcJ. ~ •-.nial Wol''t'lcngth o( lM mipUftJ 
dlurrwJ a..,1r 0\·-n Add.aldt 11 much ahone. th...ln lhoal uf 1M 
ml~;r.>tinK «'lnldiiJrmtl udc. "' lh< ph..., of th< lom1t'1' prog 
"''In r •• m<>no ropldly th•n •h• ph;uc of Ill< lollfl •nd .... , 

comb1nro cfT«t> rftUk 111 • p>th:m ol w•v• IJU.Iim.o .net 
m utlnu dut ..-oi\'<J bt1wftn •ltiiUIIn 

I h< mlgr•UJ•& duor.W tid~ l>tkl" ch.- m""'~'""'' (l <. 
oh~ rqpon b<t>o~ cht mno'f'h«< •nd IMrmosrhm:) 
onpnotn pnm.only 10 lh< uor<><ph(ft Ahhoush lfOpo­
opb<nc it'Dlldwm.tl forong " nonn~•Kibl•. tbet< ;. 
cvmp,.~trvd,. morro a;r•nudiurn.al (ontna tn thr middle' 
o~tm05~hn-t. Thus. th.r dt\tm.al lid.JI ft-10\\th orcun 0\"(1' 
• d«per lthitud< r~on thon th~ otmldoumll gro.,,h and 11 

u re.>M>IUbl< co •ntlnp••• a dlum•l •mpliludt ch•tls l•~&•r 
t..h.ul tbe senu dtulta..d .. u •tllhutlr iU lht UPtlfr nH''Ic»ph~ 
Th( oggr~l( (b•mrtomtcu or tht 11\Un wind> ond tidts 
"''" •r~ lllu>Crocrd In I leur, I '"l'l'on rh< cl•lm •~•• 
upwi<d-propagacins migra11ng old.- gnwm lh< l•ll<·><•l• 
dyn.lmk'\ or dt4" upJ)rc'r lnt',U'Iphf'tt! 

MigmlnJ tidn C'l<hlboc 110m..,tuo rnmpllcatnl bd>.wlor in lhot 
tho: blioudi!Yl IUU<Wlt' or dw hOfllDnul "'nd 010U~ 
,. dt.aauually W&!rmt 6ucn dw ..,.,.,.....cu.,.. I"""Uit, oc ....ucAI 
,..,iomy<Uu<tu"' Fo<.,..mplt.. dw-lnl!'"'P4'••n~IJUIVO(J"8 
cllUINI lkk OW I io dwn<1nvcd t, • pnm.uy lml~ 
MnplliUdc rn.mm..m ........... l.q>l.lUW "llh !llCond.uy IIUJliD,I 

.,...., let' lbr horwlnul "lnd •mrlnc...._ (' ' ) o!Ub• 
mmmu .,....,dr f.qu;o<rw .mJ r'll".liy 'Y"'mftn< ...,pl•udc .,.-..b 
•• low to middlr laucucln ( .:.( .!(). lc) )) While pound-l>ots<d 
..,.._"''"""' pro>'lde .n ompoc...,. -- un d.., 1oo1 
beh»'IOf of,. . ....,. "'"' 1Jd.tl !wquc"' ln. II 1> ltn""""blr 10 dcd 
plwr slob•J .,.....,",... lmon Inc AI '""''"'" wnhouc mnrhM'ling 
(l)ftti>!Mt ll\.tly<i> of ""'""'"'"'en" m.od< '" mul!lplt loalioM 
o"" • broad rn"il" of I.Jolcud...._ rwtl><r, In 01\lrr 10 dlsti11WJi<h 
fllt[I:Jilll111Jfiom f'IOIIIIIigraiUIQiid.tl 10111(10110'1111\, II IHI«t"oW)' IO 
lww • IOfllitudinal di>llloollonrl4 mc:••"n:rntntt 

Th< up,.ord·prop.l!;'lina tnigr•uns tcdn disllp.ll< In 1M 
low., d'ldniO•I'""'-' ~nd ch~l• ulntnbutk>n to upP'f tlw· 
mos.r~ "--anoabtiH)' '' compotr••h·dy ,rn.;a_ll llo".f'"'"'· tht 
IOllpludm.•lly tnVOfW1l •boorp<KJO or "''"' (>t ;ond OlJ<JlW 

ulcr.viOiot Lldwlon dbom&ly (,,.... • bq;t In """ rompo­
'""' of ll>< ausr.,.ntt udo dw .t .. m>lkJIIv c~~ ..... 
tnn~. drmlt~ . .tnd wmd .. lurtull! tn thf- urprr th.er 
mmphar FlJtUrt \ dluw•ln us m..,..tu<J, bAWd on 1M 
OUtpUl from tb< 'RL'~'J....OO (It 1M 2000 •nslon of lbr 
N.ov.t 1!-..rcb Llbouc01y Mm ~~·:<IIOIII<Uf ltl<Clbuem 
'i<•lln R.od.r r.x~c:nd<d) ..,,,,nul m<>cld 1«~1 li<M "'.,. 

dcnsuy •·ari••IO"-' •• 12 00 llm......,I111M •n: on 1M onkr of 
• rocwr O( 3 wf>en lht cld<o (diurnAl, <nnidcUJl>,li. ll'fdlu ..... J) 
.u .. tndudtd Lkf• p.uvfl txu illmn"-1 none"hhm ~ hfn dw 

R..,. s G- dillreut.anOioeunli!YSS do......, II 12 00 u .... wut Tlrtllond 400tmal odlon 21 Stptomllor 2010Wltlt llllt! .. d-
1•~ 1 -~~'*" lldcrs.. om shown.,. 1rcm 11>0 NAUISISE·OO II'OdeiiRO do nmlndudt nonngfiNIIQ tides 



tid<> ate odud«< (tig/11 pand) 1k la'l!"'t tidal >ignol In 
Flgu..., r, (lcfl r;tnd) como from the mlgating diurnal tide 
OWl . It m..:imi:t<O ·" ~·• <'(ju.uor (l.t~tuck or the subst>l•r 
pc.,lnt durina C',,Ju lnu~J) 1md c.kCR'a~e,o..; t~vard htghcr- l.11i 
tuck~ .-tlOJlR with the noon lim<' 10lar ansJ<'. on opc:<tcd fur an 
ilf Jitu foK«< tide. NRJ.MSIS£.00 d<XS not indudc non· 
miR11lllng ddes. Rt..~t dJ.tgnasliCI o( u pper thenn~ph~.u.' 
nt?uUJ.l clttt_t.lty ~rvoUtt"H\S (r\Wn the- CIIAIIe:ng:htK Mttl..l~ 

atcllitc l'ayload (CIIN>tP) s.ucUitc indkatc thaJ nonmigrating 
d<fcs induce :tn addnlonaJ longi.LUdjn.tJ 1tA:n.;tblJil)' on d\e 
order of lll-50%. mos~y due 10 upw.trd·prop.>gatlng tides 
frorn th(' U'OJlmpht-rt' An .W'C\I~IL' dncnt)lion of mil(r.1tlfl8 
'nd nonmignting diutNI dc·n~ily Qriluions is esp«i.ally 
impon~nt for pl'll<li<t i ~g low P<'riG<" sat<llit< trai«tori<s 
b«.~u.t.t ollfllCif.J>hftic d1.1~ b the donlll\J i\l t"tl'Or M)u.fX'~ In 
OJ)<r.ltional n1ockh 

Nonmlgrallng Tides 

Ncar the surface of the I!Attb tbc wong longitudinal difTcrrnccs 
ln topogJd.ph.y. larld..se.1 conu;ut, and .su1f"c£. •me:rMLions 
produce moaJ (Le... 3loo~ :. lamude ord~ u\ the cast .. wtst 

dirt"clion) vt~nouionl in thr foal time: bch.jlvior or chc- iltmo· 

sphere .lrld thus cxrin! nonmigr.~ting cida A good exo&mplc is 
IAH~m he:u rele.1~ dur to conden.i..l.don ln l:uge--scJ.h:~, deep 
HJn'\1:'f'li''t" '1)"\JC"Im. in lhfo tropu;;1l IMJ,H)"pht"rl". l1jturr 6 ilh.j'l .. 
tr.ucs thtl•titudo-longilllde distribulions of thtdiun>al (lclt) 
and <emidiurnJI (ril:)ll) IJU?nt tt•a1 rdm4' ampliiUdl'S during 
tht moULh of !lepu~mbeJ deri\'C\1 r,om ~tclltle-bonw OOIWi.C· 
tM: lt1in(~ll m('~ll."tncnu l:k>t..h rompotlfni.J rna.ximi7r ill low 
Lnituck.'> wh<l'< tht ab>o<ption of •olor radiation ( <v.~p<>rnlioo) 
b g...,,.," Their loogjtudln.ll >llllctU<I' relloo.< the •rc.u of 
lilrgot dt'\1) ronvet.'11vr i\cttVtt)•ln th\" arupkal tu)J)()Sphere: (lne 
~"1<11k Qv("r A(l")(il, fuUow(d h)• cwo J)c:-ot~~kJ, OW:J' JndcmC'$111 ;tnd ltH• 

western P•cific and a fourili 0\'er South •nd Ccntr.ll America 
lbrough Fouri<r analysb the longitude v.ubdons dt'!>i<t<d 

l11 J igu1t: 6 1n.1y bt"' dt"LOIUpast"<t i u10 .J stbel of WJ.Irt: COIDJ)O• 

n.(OtJ whh differcnt7.on<Jt \<i.'tll'mumb(n 1 t;K'h of thr rcsulrunt 
nonmigrJting cidal compon€nts posst'.SJt.'S diJTerem vertkal 
prop;~g.:uton ch.uaaerislics lll3t depend on h~ scnsirh~hy to lhe 
prrv.uling wind,. .wd lUI ''"rtkal w.lVt"ll'ltQl h - C:ood 1!'X.lll t1J)l.es 

are ~,. DWS and OE..l oon>p<>n<nts 1\oth • .., ~fllcinnly fo~ 
by l•t<nl heAt rdtasc bul DWS dissipal .. •t higher •hitudes 

0 80 120 t80 2<0 300 J60 
l.o11111-(' J 
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due t<> I 11 ohon v.-nJal "''"''d<ttgth, DEJ on ~~c othor hand '"" 
• long V<!!lkal wo\'Cicngth and P"'l'~t<s UJ> Into th< low"' 
~IO<tn0$pilert whtre Its tn.~j;nhude riv•l< tht r,ldlaliwly f.,r<ed 
migrnlm8 dl\Jm.a.llu.lc (Mtwit' ' ). 

It 11 difficult to u•ck vcni~ tldol p!Opil~tion into the: uppc:r 
aunospbett such as th:~.t depicted in \ lm 11.: ... bec.&u.sc the dlsui~ 
bulton or groww:l based ()bserv-.ulo.ns IS sp:ni.ally Urruu.'tl. 'lhl~ l.s: 
Jll.rlltul.uly l1Ue for .tiiJiudt.."t bt:.'twn~n .sboul .}0 .-md 180 luh 
abo~." the Eanh',.urfocc. "'hi<:h encompa»th< region wh<,.thc 
upw>rd·prop~ting ,.,, ... ••uln IMJll! amplnude< and subS>O· 
qucndy dls>lpalt. It Is r,......,lly impo«Jbl< 10 distinguish 
mi;g.r.Ui"8 frum nonmtgr.-eing tick'$ in dl(' lln.1t)r$i3 of gn)uri<J. 
bi~S«l rcmo~c-H'ming mt;asu-mnenu from i ~ingk site m-C'Kie d l 

I heR altitud<S. Duri 11g th< 1 ?90. rm10te seming from th<llpl"'r 
AIIIIO;I)h•t< R ... arch ~•telllte (LIAR.~) <Oli>Wer.obly an>ellc>!.llo<\1 
•hi> i>roblcm Funhn ~ GLmc from lht lltt'rn!O'Ph<:l'< 
lo110!j!hm M"""ph<rc En<~g<'1ia and Oj-'11amia \ 11.\IED) 
.~o~wlliw ~laiWiUiaUJ>eh«< in 200 1 b<aU5e it aiiO\•~ for the fir..t 
tlmt tu bhSt.'f\'t' thr jt&ub.al t1lhtl l1cpr<1rum in \·;trlnu\ p.uamf'lt'rx 

O\-.:r iJ nt.ntte of moe»phm and I~ lhetmQ$pl~~t• 4." .altitu<k.s 
l bc d.t&J utili:l.AXI to COI1.1«NCI \hJ\ 1-.: I I consist of wind 
ntl".lSUrements made: by the 1lM.tlJ Doppler lmff'feromelf':r 
( 11.01) :uwJ tem.pet.uure me.uu.emtnus ruade b)· the:Souatdu~~thc 
Atmo5phcreo using ~dband tmi-s..;ion R.ldiomctry in:strnmmt 
thai a.re o.lJ!tlded toward dw poles a.nd inw the lov..u ilmlOsphe.re 
.tnd upper thennooph<re u>l~•n •mplrial mbl mod<L 

\t " • ~-.. l ,mel J llhl!ilrAte tht' l.1llluck- tongltudedi.,tribuci-on 
o( th< diumol •nd srmidiumaJ tid<s •t 100 km forth< n10nth 
of Sop1rmbt!r. J>'4'1'.11l!'d o~r 1 )'em from 2002 10 2008 Th• 
$uperpo.i•tion oflhtse movies Kihown In .\tn~w-a~.- I. 01.4! d luiHJI 
tJ<kwith •mpliou<l< .. •> l.l'l\<'<I.S 28 K 3nd 42 m , - •. t<op«<i•'<ly. 
nl~inly coruisl> of tl1<: mignting oomponcnl OWl and th< 
nonmigm~~ DEJ tide. wl~> som< conuibu~ons from the 
I)El,. 00, 11tld ll\\"l wmponrnu.:. Ttu;~ tulgrikiJr\)t tn..le tS 

o~ all'.-. wr~lly i)'tnmt:tn( u:r.clllalio n b('(iA\1-54: tht rnQ...-it' 

is animated in LT(comparh'<jn )J I) •odthc OE.las a 4-pcaked 
loogi.Lud.Jnal \'llfiation for the same ltai<'>ll. I hi: semidiunttl 
Lldit.l fi~ld l~ mom S)'lllnltuk t.Ju.n lhe dlutn.d one ,., .. IJh 

.tmplirudnof 17 K•nd 36m> '. rc•r m"'<ly SP<"Clrolonolysis 
of these p.micuiArdou rtwals ~tJt the longlwdinal suuaun: u 
dominJLed b)' the migrJung udt1' SV~2., o;.ith comribuuons from 
lhP SWl. !\\\11. 1utd SU nHnnus r:uin,g htla 

Complcmcm.ary nume.rie:al modtling studies sugges-t th31 
1hc d ium11.l and Kmidiurna1 nonnligratin.g 1idn ~~ 
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flguro 1 Comours ol d"'mal (Jell) MtB semldlumal (nDftl) liita111 neal retEaw afi1Phtudes lo lhe tropospl\ele trom rroJl<(al Aalru.ll M!llSUrlog 
MISSion (TRMMt satemre oMetv.IIIOns during Septeml)er. Or X. z~ano J)f!M(IOO llleSe rtQures, flttich are lldallled wlth l*t'liSSIOn trom ZNIIO. X.. 
J.M • FOfbes. M E., Hagan, 201 o. Ll)ltc;llrcllnal Vllf~llOn Ollldes In lilt MLT teQIOtr. 2. Atlaltte elfec~S ol ~ar tldati.e and ialtnl neltl"'l JOtrmal or 
Ge~l Rewn:ll il5. A06317. dot10.1029<2009JA014898 
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WAM DE3 amplilude, Seplii-
TtlQ U("'r't 

1\igure l WPJ/. OE3 amp~tuat oC ~~") ~tmpertlllft and ii\Ohllzon.JI tYI1d as alui'ICIIOfl of IIU!ulle a11d ~ei;M lo Septtn1bef Dr RA Pllll\3ev 
p!O'Iidcd tJ• modol results. l'lllldl •• lld:.pwd will! ~I!TtniSSIDII lr001 ~kmacv. R.A. T .J, f<l!ler-Rowoll. F. Wu. JJ.l. Fams, X. Zllono. A.f, AnQhll. 
!.IJl • llldlll S, Mcorthl H. ·M , Juong. 2008 TIIW ~~o~NIIlhly In ll'oo 1011'11 lhtnoo$llllo<f' ccrnp.anson ol 'OIIolo MIDS~~hert ftllld<l (\VA/A) 
SimU\lllons wi111 obsemllons lrO<n nUED. GeophysiCal Raean:ll teaers 35 LO:IaiO ctotrO.t029/20071ll032584 

g<n~rat«l in Lh( lowtr l(\'tlf of the •tn>osphtro. ci1her by 
b<<Jll he.u rdease (DiiJ. DO. SE2) ondfor a> Kcond•JY 
W+'W'' by the nonltr1f'tll tnlt:'r.ac1ion be"tWf't'1\ );l'lJII()nt~ty 
~l•n<~•IY w,.,..., 111d 1h< 111Jw.11ing llcko (DW2, 00, !>WI, 
SWJ) An cumplc from the 'Whole Aunosplt<"' Modtl' 
(WA.\ 1) Is •bnwn In ll~u1< 7 WAM Is a Jl<?ntt.ll <lrcullllon 
mudd o f atre ntutul <ttm011'htrc built em .tn aa,tln,:; oper~ 
•tioool Clobal ror«o~st /\todd UK'<I by lb< us Noliooal 
w .. ,b...- Scmcc. It lndudc:s ruli•llc topography, l.,cn, 
healing llbOC'Lih!d with uoposph~c- conv~tttlon u J 
nrmlh'<~t llf\M't"!\,._1.",, o.nwl the tuodd tl()m~1m ~:drmb '41!'11 
into tht di.s...'tip;J1ivc thc•mospht7(' to :' top ft·vd of ~bou t 

(,Oo km Thr \4/lu\1 tem~r.11ur~ cmd zon.al '"·lod compontnts 
~b.W»Oltittd ~ilh t1h! 01:.3 ttde exhibit .n·a.jun\~t ttl'lteted 

.uound thl ('QU~lOf Lh;U an iJI$0 be dtst:emed .A the 'll~U:n 
a.atcllif¢ mt'IJJUrt'mml,\ JhC'Iwn irt '-t 1\'tr 

lwtat ndes 

L.uo11r atmmphcrk ticks arr onty nbout S- 1 ()1M, asIa~ a' sol.cn 
ddet, bUI 1hcy b.>w dearly dn..uble droci.S. Tho IU~~Ar lidal 
p~l\urt ~~ the RfO\Uld m.ax.tuuuJ :n to"'· l.lliludt~ wh.h ilfl 

~.,..«'r.agr .. mplh\ldt' of .-ho.H 7 p;,, 111<" CO""PQJ"Mting wind 
amplhudt ot Ill< Equ>tOf is olbout 0.03 m s ' Th< wlod 
•mplltudt I1K.r'U~~w11h .thlttkle uptu .tlbout l lO Lm~ whc!l~ i1 
ICoW'"hn ,Jn :~tnJ~IlluliC'On lht ordn 10 nl ~ ·I 

Unlikt th<...,brlkln, <h<lunor ••m"'t>h<riclldtU.R'•ntirdy 
driven bY gra••i~allonJJ for= ..s IUusu;u<d ochcm•Lia.lly in 
I •guetlt. &« •. u~tbt lun.:argt<~vitatloo.aJ attdu.adon dratansa.s 
lht- htvr1111t ac;ru:u~ <>( tM d!llotn('r (rum tt-- «tth"T of tht- Moon, 
th~ ~rcknulon lJ not (Xaaly uniform ntv the r;Jrth, so th,l1 

.umosphcric au pared~ .at various Joations around a.bc E.uth 
uptrtt11tt !rlfRtuly d llfe-rttm lut\a.r :a«der~L5onJ fta ru ll.ast q{ 1h~ 
l::.arth.u ,f wholt.•. Ail palt'l'b In tlh· htL'llh.phtn• nMJ~t dtttant frou1 
11u.• Moon .JR' ilcccler;ncd tO\Qrd lh~t Moon I~ .suongty lh.1n ts. 
ohe l:.3nh. in effm a~ulog a no.bm't aa:tlerallon aw.ry from 1he 
Moon for these air parrtli, In th• l.:>nh'• rder<n~ fr.une. 
Conv("rl'f'ly • .tir pilr(t'l" in the-moonward l'wmi5.ptl("'l" rJ(thel~uth 

c:pc:l'irnre a ~YI ;ui\'f! .Ja:cluation Low•rd 1he Moon. In e-.ach 
hrmispll<rt.. p.amts to th< --~ or • u.,. pas.i111 through the 
centm or the l:..lrth .t1wl M04N\ t~~ an ~lw.tu~l 

COffiJ'Oil<nt of ii<'Ccitr.!Uol\. "hile lhoso tO th<• 0~1 of thi> lill< 
~'"fimce a \'t.'CS:I\\ ard ~tra.a)Oft. As tht [;mh rosattt. during 
• lltoloU d•y {24 8• 12 h C>n ll>< .....,.ogt) an olr r<H«I •t d>t 
f'("fli.IIC)1 IHI((t"'.\fwly P-1~(1 lWJ('r lhrt1Ufl,h r®tm~ !l{ W\"'MWoatd 

d.nd t.a5tward .acc.dtr.Lion. compriling two lunill wrnidiurnal 
cyct_.. ofpo.'fiod J 24206 h. v.'h<n the Moon I> nonh or .oUlh of 

the l.,nb'• &1u.1too, •n ..&.lilJIJololl dlunwl ''",.' cycle (l><tlC>d 
24 -M 12 h) of •ctdcrnuon ceDI> ao non<:qu•torlal laolludc:> 
1herc U. abo a monthly p<:rlodi<it)• to th< fom"'l .. ~,. Mooo 
cydcs b"ween me Nonbem and Southern H<tnbpbere< of Ill< 
u~k lloih ihls ()otllns .net '"' cllopllrily nf ,, .. Mom>'• (Mhlt 
O't'AIC :unplhud~ ;J~nd (~qUC"n()• moduLJtion o( the- lurQr M."tni 

diurnal m d diurnal foldttgs that un be c::xpmood a1 combm>· 
1Iom of •nulupk ~'-ly >J>.to<Od p<:rlods. l he dooun""' lun.r 
period. rept't':WnUilR thr J\'«-'IZP lunar s.,tmdtum.ll udr.,. Is 

R"fc!T\'d to •• <h< \12 ti<l<. with • 12 4l()6 h period 
In addllion 10 the dln•a fomnl\ Of lunar GBvttY on Ill< 

atme><phnt. lurw •tmosphcn< rldcs arc lndlrea ly faKed bY 

Ago,. 1 Sdiem<Jiie$ of '"""' Mal IOfOI'IQ lr1 ll'lf ••r..-lr.un15 ol 
lbt Moon (lop) and the Earllo (boC!ornl The Eill1h fs vhod lrom 
abol• die ND<!h Pole W lne Moon in« &bownl is IOthe nQIIL 



~· .. ~~~,m~.~~ .. ~w~~±.--~.~.~~.m~ .• ~-7.,. -fill••• g Can1ours alld2 lunar samldiUmal $Urtace p11!$111re 
•mpltlllill> (dPa) aQalnst loogwule and liii!Ude for tbe monlll o4 
O.cember. Or F. V<ll colaborated will> Ptofessot J.M. Forbes to 
ptOtluce me model resuns 

lu11<1r gro,.ity through dA:form•tlon of the l!.l.rth'• surf.ltt due 10 

o«an and E.>rth tido. 1bc ''crti<al ,.,..lodty .. S<Jciatcd with this 
d<form.1tion >lgnllic:antly aiJ«U 1he ""n"'phcric tide, and tht 
modulo~ti()n or ICUt"Sin,d gnn11y hy lh( drlorm.allon Of d~ 
fl~r1h<~'1 ma,s ditaribu'-"'" al&;o h.1.s ;m ~ITe<l . 1'"-"Str indhtcl 
(orcing dlcc&s can be dctmnincd •ccw.atcl)' from mc.uun.·· 
meru~ of OC'C.ln .and E.uth dd~ so thJt tbC! 101.11 Jun.u ddal 
(ol'cll'lj\ ·~wen L.nown. ltus jj be.vfid .. J ror Ceuii1M, thtl)Jd.ic:tl 

modcb ofhdal prop.agation ..tod d issipalion in th~ atmosphc:rt' 
'Ill<! indir<a forcing dCoru, brelUse they drpend on land-""' 
difreunca are a funcdoo not only of apparent lunar pos-ltlon 
hut .1l~u of l)(()gr.1phlr;ll lt:Kotdqn.. and gre-nt'mlt" nunmigr.tung 
tides in addition LO tM prim,al)• migra1ing lun..v tide'$. 

It is poosibletodn'<lop • modd ofth< M21unM semidiumol 
~•mospherlc tl<ll! th.lt produCt'S II!Witj tlut.1gllll! VeJY SJtlsrmo­
rily with 1ht ob.cnocd tide: In thc surfil« P"'S>U"'· Sud> a rnodd 
mll14 ac<ounl for all direct • nd lndlr.alunar forcil18 ciTcru. •nd 
locludc realistic aunosphcric "ind •rld tcmpennure .IIN<Ium. 
fi)t'lrt'9 tl lusl~.l1 f:.' f)r6IOI)'prr.ll"-tl li-tt(.lfl ~sltsanli.W•uwsb.)w 

the lunar ti<bJ amp litude v.uin with la.titudt'. imd longitudt' 0\->tr 
the E.anh for atmo.<phcric amdltions Kpro!mting the momb of 
Dccember4 I he L1~1 ampUwdes J.n thls month .1.re atiO\'' Ja.LI· 
tudo.buttho:p>ryfromlmdwl• r. (40dl'll) 011 I her..,. <0 .. ,. 

of South ~mcrko to mo« th>n 12 I'll "'"" the mid·P:JCmc A 
secondlll)' m.tXllnum ilppc.13 D\'ft' the nonhero Ad<lntic.. On the.! 
ll\'ii!Q~ the :ln~phru<k of rbe Ml !Ide .u low l.tlhud~ l.ll tuger 
art)tu"t tht;<>l!itim t.h:tn ,11 tl'lc't"CJi lll l())..(')... by l (liU{;)Il)•SO\ti. Sc'lilll«' 

ofth< l•rp grorh)'Sical dfmsof '11110>J'hcriclun.u tidrs •Pt>e'' 
inthelow-1.1111ud<lono.<phtn; ""dllom'-'Cl In the1""'' 5CC1lon. 

Tldes In the Ionosphere 

'1\dt'S IR the iQfW>~~opltere .Ul" )I~.J ht.Ut':nli)Ur..aJ \ '•lndiii.Mt\ (t) t'IMtic 

flctcb. !\&n c..'l rts. :md J"tl.l$1'ni• dt•n shy m 11w l ()nt~plwn-vrhn.mlr 

doc to d)lla.mo cll'ccts generated by sol•r and luoiirtidal motions 
ln tbt Multoll baci<wound .lUno!.pheR. I idal winds In !be low 
and middleiAtbuol• £-1\'1\IOil 1no,·• tho 1»rtlAlly lonu.l!d pt;unu 
thJUugh I he Ci1nM' magnetic fidd whilc the dmrons with thnr 
high G)'1'0 f rcqucncyfroUision (n:qumcy r.IDO R!main fiud to tbt 
m~dc 6rld nna An elroromoth·~ force is thus creattd whh 
eM.uh-&tlenrlt eunetllt.u•d I'IOIJ.tl2.1tion ~letllk fil"ld:$.. 

During the: da)'time. whm thccondunivil)' is laflc O\~·ing 10 
ionizinJ; solar r.~diou ion# the: electric wrtc:nts-. commonl)• 
lnbolod Sq ror 'solo r qul<'l.' Oow 3J!proximotdy <OIIIlter 
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Flv,.• 10 lfie nontr.war~ ~om~l ol ~Nonetc: peclurlxJl10<1 
f., nanoleslas) al Hulnta'/0, Pttu. aga~11t IIICal time (1>) on !he 51h and 
12th Clrt$ followlro nct1 n10an muls C'Jidcnce ol lunor IJCIII cnect$ 
on tllp ollhe larger solar tidal alf«ts. 

dodwtK In the Northcro Hcmisph~rc and clockwise in tbC' 
Scouthcm H<mi•phcr< "•ith voncx fod ot roughly ±30 
magneak lath ude. A pJnlrula.rly sLroog H.SI\\'Iltd curmnt. 
t:l'llcd cq~.110n"l ('lc«roJC1~ c:xists ;.dong thr gt"'rnagnctk 
equator bC"'u..~ lhc: effective' iono:Jphc.ric conductivhy is 
unusu.aUy higb in Lhe lo\o\~Tionosphe~ a t la1i1udes \'lbt!'fe the 
gt<ut\:'tSJ'f'&te: fi(!'ld ii.nt3tty hotiz.ont.l.l. l1lt! S11 t u rti'l\1! jlto.du ot 

I>C"IlUJb.llion~ In ahe t::ulh'.) n\.lguttit fil"ld that ..,., latlil)• 
mr~st.m:d a1 1hc g;ro\lnd Tigurr 10 5hO\to"S the nonhw;ard 
component or thf maGnetic J>enurb.atlot\ at Huant'.l)lO, Jleru, 
for two ph.ue:s of t.he lun;u ddt: s a nJ 12 d.1)'S following new 

1110CJn, 11U~~ t rpre";\tfl1 l1V('I<1it' (QI'H:IhiC)Jl$111 l9!i7-58 fOrlh f' 

months of Novc.mbcr-ftbruary. \\'"hen the luna.r tide: in the: 
lonosphert I• grnemlly larg,.t. l'he lug<r solar dlum•l and 
.st"n'lfdlunul Utltlt. JUck.luc:c :a nortbw.1td pt'JiuJb.tLio•• lh.tt 
li1:Um1lz-.n daily .11 lltuund 11 00 IT. 011 tla)· ;. I I tt lu11o1r 11d f" 

cntwnccs Lhc magnetic pcrtuibadon a_t 11.00 LT, but rcducn il 
iJHil<l••• oftemoon. On d•y 12 the plllue oftlwlumr tide :u>d 
lu f'lfecua.r~r'I!Wrstd from thoseond.tyS. Ot'.Lf Juo.Jte:ffeas In 
the low~l;athudc ionosphcrk ~lmrun dcnsi1y arc ~lso found, 

11M! £-region dyn:uno pol•nzation clcaric firlch or< funher 
unrumlned .alnn:g magnetic 6dd Unes imo abe owrtying 
r JtWOJ\ wh ere lht"Y drl\'l ~fd(' ..• tl (-20 Ill .tl I ) .l Jld zoru.l 
( -100 1n $ 

1
) pl<%"1n..1 drift1', which inOuen« many important 

iono.<pheric proce»n. I« cx•mple. ''tnical ExB drihs driw th< 
l>lllsma fount.alll wlllm """'" an dm.se band• or pl>sma 
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a-ntcrcd n<:JJ ± IS-20 magn<tk latltu\1<. Thh oc>-ali<"CI cqu•-
1ori:al ionization aoomalyan ~&«n in \he top «ntc:rp.mc:l in 
l·lgure 11, as the two bluish b•lld• nonh ••ld south of the 
Rl>IRrl ('tu~· ..-~1\liltor 1'11( lWO km~eton cro.t" a~ pr"'\lornin:-.1ndy 
du:mlrhofmigrnungMJiirCtdil wmdlt m 1M E-«wun whdc-tht 
app.umtlongitudlnal modul•tioo on U>p, lndkau:d b)· brishu:~ 
rolorll\. ls the m uh or nan.mlg;atlng Lide' uched u1 the uopo­
*t~te ~· tu.:ru h~'lt rdt•IIJh:• lr\ (k'\.., mrl'lt.'Oi\-'t! 1ropkal tloutli. 

1 h~ ft<dlz.1tion thou nonmignuing ddcs dut' to uopos.phc-ric 
weather im~n the ~ .. ~on ionoiphere, and .u such couple 
these aunospheric I>}"" ~UJ are 400 ian ap>n. tS a reiJLI\'Ciy 
ncow c.fl'<U\'"Y th;u \\'ilt m.Mit' an)Vnd the- )Y'" 200i duel() ItA."\¥ 

"'"cllltt ob<mc.uions and progress in numl!fiGII modtllog, 
Figury 11 summarim these ob~~·~tioru th;!t are all di!..pla)'fd 
for .r <'Otl!i:UIU L"l~ .utJ sl..ttc:h~ the ~lwe-.and.efft>tt chain of 

n"'t<Orologic•l impom on th• rr o)'>ti'IO 11>< mO'It •triking 
pollrnl I\ • 4-pt.tk<-d ·wa\'\'-4' longitudlruJ modul••ion th.'ol I> 
•PP.lflll>l In d«'Jl com'OOlve <loud O<<U""""' ( obo<fvi'd by 
wt-.1tlwr ntdlltc-\ .tl!ill romp.ur 11Kurt> 6 ) , f;o~on t.on.d wtu<b 

'(ob~....:l ~Y 'nMFn. •lso comJ"'"' M""" 1). thcm•<»phcric 
ronstrrucnts ( obsc....:l by the SNOE In <-qu,.orial nitric oxide 

dtn<ny). elearoll dmsny (oi>IM•i'd b)• ""' CO~\IIC{Fonnm••· 
3 ), ion densh)• ( ob.!ctvcd b)• IMAC. ~ 'P"""""f' m 1he Ltt 

F-reglon 
(250- 450 km) 

E..-eglon 
(90- 170 km) 

Tropical 
troposphere 

,.....,.. 
dynillnlcs 

\IJtrl\'ioiCI), and orotnl n>O>S dtt!Sity (oi>l<.'l''<d by CHAMP), 
1ltc: ·~'il\'t.••-1 ' connponds 10 the DEl nonmigr.uing Lidc- wilh 

..orne conlllbudoll rrom the ~E2. i>ec.lltW "''' ls how thtst 
<omp01\('TliJ<H.:oh~rY'<'t..11na.I:Trrnmc (\ tl ~ "i 1

) \ I •'tlr 1 ~·Mi 
flgnrt 6 "h(nv th.d1lhc OE.) can achk\'C ~NI wind amplitudn 
on thcorck:ror Ltnso·r m s 1 in lhc lo"'' latilud~E·region. lt t.hus 
effid~ltly tllodubtt.>S 1htt i!•lt.'glon d)ltllllO t!lt."ttdc licld.\. 
I'\:.Uihutg m tht! pronuunted \~o-.,\'C"I' I' h:f!j~On I>Lu.u\lt dc:fl.i.IIY 
vanations All th<St ob5erv.ltions and corn-sponding modd 
simutauoru: imply that uopospheric we;uher b an 1mponant 
COntributOr 10 the '.space W'tJJhtlf" O( t.ht ge<lffi..lglletic.llJ)' 

\IUir..f«'n& ion01phrrc-. ev~n (or ~olur rn...ximvm «••u llti<m•. 0111d 
npabl< 10 change ror e .. mpl<. ci<'C110n d<Miry by. roaor of 
lhrn ~tiiJlin a r~" thouQnd lalomcte~ 

LOng.hudiOJI \'Jti..UIOt\~ It\ the lonO>Ph<11t f'IJ~m.t due tu 
nonmigriltll)S ckl\-,. do nol •"""ll)"$ O«'Ur aj il "w..nT-4.' Thc '"'01\'C'­

~· domin.11CO (rom M.Ln:h 10 O<lobcl bul ch~g .. IO~ 1-pt.LkC'd 
~w;l\>t-3" from November to kbruary ,,·he.n ~ed at a f'UC:td 
IT ( I1JtU~ ll} lh1s hs m•inly lltw 10th.- ~a~1111.1l vo.m.-t,.,ln t1f 
the: dlurml nonm~ti"K ltd("C in lhC' E-tqp,on ..u. d('pl("lc:d in 
Agurc 1.1. Th< DEl domln.11cs (rom ~rch to O<lobcr but ills 
<1Cfl'ded by ~norh..,. componen~ lhe 0~1 (oi>leNcd •• 
a \vave#l') dunng Noflhern Heflliipbeu \lltlnter_ 

.. .. 

figun 11 t.le1eO<OIOI)ICal lmJ)3Cts on tne JOnospliere-~~>ermospl'le1e I!Ue 10 II<IMIIQiaiOO lodes as 011ser.oeo by d•l'le1MI weunes. Tne 'W3Ye-4' l·l.t 
1al<rtl htat roloasa pall•rn In the lropoopl,.re 5 lound lhrou~l.,ullhe tonospllcfe-lher~ 5)'Stnm ., Yalioos MU1rll ond JOn pmmemrs. Dr 
C.H. lin J)<Ovided lllu CGRSitll>.flon ObSUJVmg Sysllnl 101 MuleoJOIOQY. IOOOOI)hlfD & Clnna.lt (COSIAIC) fl11ure. wllloll is alllpllld with ~rm'-n 
from lin. CJI.. 11 al, 2007. ~le ellect ot atmosplleflt tidu on lho oqu;uoriallonospllora observed by the FOAMOSAHICOSIAIC: three­
dlmensionll elecln)fl dertsitv swctum. Goo ph)=! Resaardll•tters ~. l t 1112. dotl D.lll29.'2007Gl.029265. Dr T J. Immel pcovi<fed lhe IMAGE 
l•~ure, '>Nob 1$ adapte<J will! perm.-n 110m Immel, U, eta., 2006 Control 01 eqUIIOnallonosplleriO morpllolo11/ b)' alm0$1lherit 1~ 
Geo(lllysal Research Letters 33 L15108. doi10.1029120D6Cl026161 Dr X. Zhang and Or S 1.. 8mln$1Dii (lfOI'ided lite CHAI•P OIIUiml dCfl$1)' Cli1a 
The SWCIOOI Nrlrie Oxide E•lllorts (S!IOE) nltlfc O>ille fi(Jult IS adapted 'Orilh pctmlsslon from Oberi'Cidl. J , F<ltbl$, J.M., 2008. Therni0Sllhef1C nlltk: 
oldde vanal)lily lfllluoecl bY noorniQroUno ll<lel. GeollhY$Ieal Aaeatch Leners 35. L16814. doi.ID.102W2008GL034825. '*PIIotlQI clOud ~ata are 
tram tile ln1err~NI Salelli~B Cloud C~I!UioloQy Prajeet (ISCCPJ 



,.._,._ 12 Sus~uul 'fW'Cdlcn ol nomuimlllltll tl!I:Wft cor6!all bam lOP£~~ c:O~n lilf,.,. ('-PPfl '"I .., •-{bnr row) 
501;1t Ill• ~JRn1 Frolt:i$01 l_ $Cit4rl.a• OfOf(dtd ttltM tlft,.rn, •tl<lft irt MUOttd •nfl Plfmb .. ~ ~11itl& l. ~ft 0 C 
Sdluft..ltW. 2001.lof'I>IIIIINhWII~IOt/al-WI HKO'DIC-I<llilllliHf1HLJooiNl -~~-- 113 AIIISII 
"" 1~1-1.10411440 

• t 10 n II -
fl!Otlll se.!llllll ttlllliJII 011111 lliZ 1111 Ot'.JIIIIIIoltllSall~l 
"''"'"' .., lOS \m .. -•'Ill loy 1tot TI01111Mtll """'"''"'- Tho 
MOI'Ibll'l lPI~~QJtntflina irdJta llltZONIW""",..... Mt«! 
~lfftlllnl!&-

n1c lc.tl!i.J- ruk I){ ( '1QM»t dY1\11111U llJOd.S.C,~;;~n Ill 
roupl~ ltlb.l dyn.t.mte in1o 1M iDriOillhth! k uttdbpuuld 
M11 1tww 1tc arowl"' n~('--~ 1lu:t (11)\('r pnx~ nur )'l.;;~y 
•n lm(livf1;1nl ~I(' Wl\lltt ,_. itol .. F·r\'ltim• ton dQJ h¥ no 
l'nt".alfable cffm. on lite oroml ·-..,.vf" <1 in tbr uppa 

lh«MMPI'w."f\!. tnodtk on tN- odwr ,,,u_. ""*"a llut ddJ.J 
Y.IJlabtM~ m thtrml).\rohtDt IOUfNJ IItM tl)otthJion .• tl \lrtit"'b"'1 
J rq,tCift almudt .. mq .lJd 10 the obK:I"'fti pl.mm nnallOOl. 
l,._klcllflatffr'Cta fMfn k't"htd~•l nllt~m~oitttlj tl'-ltoo .-, • .,at. 
'hr 50 llcfi,...•t••• ill'l(l unlknwn.ltn& •••N PfiJ(...SAA 
inc:ll.lllu~ nanlttiiQI wn"C"~w-o~vr lntti"'ICUUXJs and K'COOd;ary 
'M"".av~grru•tat.IOII. 1$01'W'clul1rng far thl' tlmraocom~ .u cidd 
ti'Mtt\llna frcwn l\f'4twt' f"'t\\'IIUIIn " m.ti<H tfWf10' unn lew cht 
iort~-llwnM!IIphnt ~em It ll'i p.anicubrly ht14""'1Un1 
a1rxr nl.s. a pn:n:o,ruhbr l01 hnprowd "f»"C" weuhl'r pn'dk:llom 
lndttdu-a C!k-b.al Po.UI(WWQ& ~~~ OUI..Igtl !.k..- 10 ia~»­
f!ptloX {11J$Ullftli(') 01 I>Moub 

Appefldlt A: SupplemOfttary llaro 

~~>r-Stntr-ncary vi!SM t1'-1,ucd 10 lh4 ~nJdt toltl t'lf' found .11 
llllll I l••l1•r •lhll ,!), I~'· '-:, INUU't4. 

ltw (oflowl,. "'t tlw- ,"f!IWnwnt~•ll' lbt~t rt:lltt~d to Uus 
mkk: 

'~*'-1110 - ­. . .. ....... 
-•• l~fmklr)d'Mnd\WIItons~jll1(1).._clmnv ~ttmblrb1011unut~nd1811DullllfscbtJ:t~tida. Tblmllft 
II~ OQ f lr.tfO lftiiW CUIMtbltS r!J r~~ns a- IOU! $01Ir lw. tL 1) 
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UT • 0 h 

Zonal Win$ [m/o) 

0 

Mo-M 2 7.cln.ll wtnd SIIUCiute ollhe f1>9rallflll cllumallldt tOW I top) and 111e enr.wara PIOIIOOadng noMIIO!i:lno tkfll o1 ilORal ~~ 3 
tOEa, llo1tom) T1'le movie IS baled on TJI.IlD saldllte OIISeMtlorls and olfllplncal mOdeino 1111d ""'' In unlver~ time. Tl'oe uoht «<!omn Sll- 111e 
mlical SiJuc:turc otlhe Ucla at 00' E lonqi11Jdo. Downward pbase progmsion indicates tidal klrcilg from below. Tben'nosplloric lldes dill to llir 
and ald!!me ullri'OOiol llbsorollon are nol included 

l..clc:'IIISd.!Tl"'1t•Oh 

--- -y- -4 _______ .__----

T~e(ICJ 

0 .. 
MCNle 3 Tempe11twe (colO<) and wind VM131lDns {arT'""') 11 100 1'111 ctortno ~ber duo b:l lf1.1ma1 sot•• alln0$1111frlt ~--Tho meMO Is 
billol!d on TU.IEO ut;jjj~ obseMtlons •na runs In l r 
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