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Migra ing and non igra ing diurnal ides in he e era ure da a ro he saelli e borne r ogeni n
rared e ro eers and eleso es or he A os here R A e eri en are o ared o odel
redi ions ro he her os here onos here Mesos here Ele rod na is General ir ula ion Model
ME G M and ro he Global ale aveModel G M. he o araive odel observa ion anal
sisis eror ed be een aliudeanda . . heresul ssugges ha inera ions be een
uasi s a ionar lane ar  aves and radia ive and la en hea or ed idal o onens a la ani
or an role in genera ing he her al idal s ru ure above he eso ause hough oree ended odel
s udies are ne essar .

Migra ing and non igra ing idesin heu er esos here lo er her os here M la a e
role in unders anding he d na i s, energe i s, and he isr in his heigh region. he igra ing ides
are un s n hronous aves, ro aga ing es ard ih onal avenu bers e ual o heir re uen ies

in les erda. on igraing idal o onens are non uns n hronous aves. he an ro agae
es ard, eas ard, or re ain s anding ih an onal avenu bers e e or hose or he igra ing
o onens. heno en laurein his or is ha ,e,s are he es ard, eas ard, and s anding

idal o onenso onal avenu ber
ides anbee iedb ver di eren or ing e hanis s. olar insola ion absor iono ro os heri
aerand aer va orin he inrared R s e ral region, ul raviole absor ion in s ra os heri
and esos heri o one, absor ionin ole ularo gen  hu ann Runge bands and on inuu lose
o he eso ause heigh, and e re e ul raviole E absor ion in her os heri ao i o gen are
i oran sour es 0 igra ing ides orbes and Garre , orbes, a orbes, b ial,
Hagan, Hagan e al., . onal as e ries in he solar absor ion an or e non igra ing idal
o onens aoe al, suda and a o, illia s and Aver , hough he iddle and
u era os here idal res onse asso ia ed ih onall as eri ro os heri aerva or absor ion
ise e ed obelessi oran Hagane al, . Re en s udies sugges signi an non igra ing idal
or ing ausedb  oaddi ional e hanis s. a en hea releaseasso ia ed 1ihos illa ingdee onve ive
s se sin he ro ial ro os hereise e ed o ore aor arso u era os herenon igraing ides
ieber anand eov , illia s and Aver , orbes e al., Hagan and orbes, . his
e hanis also on ribues o he igraing idal or ing orbes e al, . on linear in era ions
be een he igra ing idesand s a ionar lane ar aves rovide ano here e ive or ing e hanis or



non igraing o onens. he ave aveinera ion ano urin helo ersra os here hough aninsiu
oringo he idesa M aliudesa ears o be ossible Hagan and Roble, Oberheide e al.,

odae, os o he odel daainer o arisons have o used on he anal sis o igra ing ides.

is re an ies be een observa ions and odel redi ions ereo ena ribued o he resen e o non i

gra ing idal o onens Heh e al, Manson e al., . Global observa ions 0 non igra ing

idala ivi arera herli ied. sing i b nrared Monioro he raos here M daa, ieber an

sho ed he non igra ing idala 1li udes in he s ra os here and lo er esos here are e ual o or

ine esso he igraingdiurnala liude ih hase rogression sugges ing a idal or inglo er in he
a os here. High Resolu ion o ler ager HR  da asho edeviden e or he s anding s and eas

ard ro aga ing idal o onenso onal avenu bers , ,and e ,e,e alaa, and ieber an,
e eauredaa ro he rogeni nrared e ro eersand eleso es or he A os here
R A rovided idal a 1li udes and hases or hes, , and diurnal o omen s in he eso

s here Oberheide e al., Oberheide e al., . M daaro hela ere eri en
sho ed hesu o heanal ed igraing and non igra ing idala liudes e,e,e,s, , ,
, O onens ine esso a aliude. he o bined non igra ing idal a li udes

ere an order o agni ude larger han hea li udeo he igra ing diurnal ide Oberheide and Gusev,
he hase rogression i hheigh orallanal ed idal o onens as ound obe onsisen 1ih

idal or ing a lo er al i udes, indi a ing s rong idal ou ling be een helo er and u era os here.
he os ronoun ed non igra ing diurnal idal o onens resen in hisdaase ere he , e,
ande o onens ha eregenerall e ual oorine esso he igra ing idein he al i ude range above

hisre or rovidesa rs iner re a iono he Oberheide and Gusev resul sb o aring he
observa ional resul s o odel redi ions ro MEG Mand G M. ur her ore dis usses he ne
essar odele ensions o be ursued in he u ureinorder oob aina ore o rehensive unders anding
o he her os heri idals ru ure.

oroneda o da a ove ber duringis rs igh in , he R Ainsru en O er ann
e al, as in a s e ial easuring ode high al i ude or HA ode, see Riese e al. or
de ails ha allo ed e eraure easure ens u o an aliude o . Alhough he R A
e era ure easure en salso over hes ra os here andlo er esos here lo es angen oin al i ude
is , € o ushereinon he M e era ure easure en s . e era ures above
al i ude are re rieved ro Oz e issions, in ludingan a oun ingo hedevia ion ro helo al
her od na i ale uilibriu non Eor E, Gross ann e al. . aa ere aen ro
ihaveri al resolu ion o abou . . Measure ens adeon he as ending as or nor h ard
orbi nodes and on he des ending ds orsou h ard orbi nodesare hoursa ar inlo alsolar i e
a . . heas ds se ara ion de reases o ards higher la i udes hours a , i iing he
idal anal sisin he her os here o . in order o avoid se idiurnal idal on a ina ion o he resul s.
A de ailed s ud o idal sa ling and aliasing issues in he observa ions ro slo 1 re essing sa elli es
is given b Oberheide e al. . he R Asa linggeo er allo sus o derive a 1i udes and
hases o he igra ingand non igra ing diurnal idal o onens oe a . and ro
aliude. A 1li ude hase errorsrange ro . hours or he non igra ing o onen sand
are . hour or he igraing ideres e ivel . he e era ure and anal sis e hod error sour es
areo o arablei oran e or henon igraing idal o onens, hile he errors are do ina ed b
he di eren anal sis e hod. e ailso he da a anal ses and he error esi a es as ell as he derived
a li udes and hases are given b Oberheide e al. , , and Oberheide and Gusev
ora rs inerreaiono he R A M igra ing and non igra ing ides in er s o idal
or ing, he observed idala 1i udes and hasesare o ared oG Mand MEG M odel redi
ions. oh odelsa oun or uiedi eren or ing e hanis s o non igraing ides,i.e. ro os heri
la en hea release and non linear idal lane ar ave in era ions.
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G M Hagane al., isa odi ensional, lineari ed,s ead s a enu eri al idal and lane ar

ave odel hihe ends ro heground o he her os here. heG Mresuls ere or hereindono
in lude an idal or ing due o solar insola ion absor ion. idal or ingis based u on ro os heri la en

hea release asso iaed ih dee onve ion onl . Hagan and orbes des ribe he orres onding
odel in usand ara eeri aions. he odelou u overs diurnal idal o onen s, oe .
ME G M Roble and Ridle , Roble, and re eren es herein is a hree di ensional,
i ede enden general ir ulaion odel osi ulae Ear hsa os here ro aliude. he
hori on al resolu ion is b ih grid oins er s ale heigh in he ver i al and inue i e
resoluion. ME G M asrun or he R A i e eriod ih igraing idesa helo er boundar
seiedb G M radia ive or ingonl and b e eraureandgeo oenialdaa ro he a ional
en er or Environ en al redi ion E . hes ei so his odel run are des ribed in de ail in he
re or b Oberheide e al. . hough he ME G M inherenl a oun s or radia ive idal or ing
above i s lo er boundar , Hagan and Roble sho ed ha henon igraing idal o onensin he
odel are redo inanl or ed b inera ions be een he igra ing diurnal ide and wuasis a ionar
lane ar  aves herea er s. 10 08 heri laen hea or ingis urrenl no in luded in ME

G M. he odello er boundar ondiions or he igra ing diurnal ide are rovidledb G M in a
odel version i hradia ive igra ing idal or ing bu i hou hela en hea sour e.

igure sho s he o arisono he M R A observa iono he igra ing diurnal ide Ober
heide and Gusev, ih he MEG M redi ion. Observed and odeled a 1li udes reveal a
o arableverialsru ure ihsi ilarrelaive ini aand a i aabove . he observed rela ive
a liude ini aa isno resen in he odel. A ar ro he region, ME G M
a li udes are sligh 1 larger han he easure en hough he agree en be een odel and observa ion
is uiesaisa or. heobserved hase reveals a shor er aveleng h as o ared o he odel

, ariularl a aliudes above . his a beanee o hes ei so he revailing
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a os heri ondiions e.g. he ind eld, hough addi ionale lanaions a a 1. oh he odeled
and observed igra ing hases de rease i h heigh, onsisen ihanu ard energ ro aga ion and
idal or inglo erin he a os here.
igure sho sa o arison o he observed e diurnal ide ih G M laen hea oring re
di ionsa . . his idal o onen is a diurnal elvin ave Hagan and orbes, . Modeled and
observed idal hases agree ell ihin he error bars o he easure en. G Mand R A idala
li udes belo al i ude are also in good agree en . Above ,ho ever, he odela 1i udes
are onsiderabl larger han he observed a 1li udes. should benoed ha hee a 1i udesa
are o i es hea liude o he igra ing diurnal o onen. heG M ea
al i ude ,n0 in luded in he igure is higher han healiudeo ai u a li ude
ro R A. ever heless, he o arisonsho nin igure on r slaen hea release in he ro i al
ro os here o be asigni an or ing e hanis or his o onen in he M . MEG M ides do
no sho asigni an e signa ure. ossiblee lanaions or he G M R Aa liudedis re an ies
above a be dissi aivee e s Manson e al., or ave ave inera ions be een he e
idal o onen and s and or o her idal o onen s.
hee,e, , ,and idal a li udes re or ed b Oberheide and Gusev are generall
larger han he G M and ME G M resul s alone or in o bina ion igures no sho n. hee
and o onens a bee iedb in era ions lo er in hea os here bu i is unli el
ha  igra ing ide inera ions a e ienl ore hee, , and O onens. rie , a
ide o onal avenu ber and re uen a in era ih so onal avenu ber and
re uen in order o genera e se ondar aves o onal avenu ber and re uen
he e eorologi al ondi ions during ove ber in er so a ivi assuh
ha s and ere resen bo h in he nor hern and sou hern he is heres Oberheide and Gusev
bu no signi an and a ivi is ound. he observed ands idal o onensa he
e ua or have alread been o ared oG Mand MEG M resul sin he esos here Oberheide e
al., . he basi resul ha he o onen is redo inanl oredb ave aveinera ion
hile hes o onen isbasiall oredb ro os heri laen hea releaseis onsisen ih
he ndingsin he M iguresno sho n. isnoe orh ha MEG M doesno sho signi an
and e a liudesin he lo er her os here. A ossible or ing e hanis or hese o onen s is
he non linear in era ion. he odel re rodu es a realis i igra ing idal o omnen
igure and a a liude igureno sho n o arable o he observed in he R A



e era ures Oberheide and Gusev, . in era ion or ingin he odel here ore a ears
obelesse ien during he i e eriod under onsidera ion.

ei her he G Mor he MEG M, ho ever, a oun or inera ions be een la en hea or ed
ides and S. An in era ion be een e and s o onal avenu bers and a ore he
observed e |, , and o onens ha anno be e lained b igra ing ide in era ioms.
uha oring e hanis isliel o re uire he resen e o boh he e non igra ing ide and
or in he in era ion region. heinera ion a o urin he sraos here lo er esos here here
he a li udes are larges . Ho ever, he R A e era ures have no been anal ed on he e
o onen in he al i ude region belo .A MEG M odele ension ha in ludes ides or ed
b laen heainga helo er odel boundar a rovide ur her insigh he her he ro osed non linear
in era ions be een la en hea or ed ides and sareani or an idal or ing e hanis or no.

he igra ing diurnal ide and he e non igra ing diurnal o onen have been o ared o
resul s ro MEG MandG M oredb laen hea releasein he ro i al ro os here res e ivel .
Observa ional and odelresul s or hese idal o onen s arein good agree en , houghso e uani a ive
di eren essille is. hee a liudehasabou ie hea liudeo he ide sho ing ro os heri
la en hea releaseo i or an e or unders anding he idals ru urein he M

he R A observa ions o , , ,e,ande sho larger idala 1i udes han hose al ula ed
b heG Mand MEG M. his a a bedue omnon linear in era ions be een he highl e ied
e o onen and he so onal avenu bers and . Addiional e lana ions, e.g. in er s o
idal dissi a ion, a a 1. Moree ended odels udies,in ludinga ME G Mlo er boundar or ing
b non igrainglaen hea ides ro G M, ill be ursued in he u ure. hese s udies a rovide
ur her insigh as o he her he larger a li udes observed in he above en ioned idal o onen s are
aused b ave ave in era ions or he her o her e hanis s a be involved.
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