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Dear Editor :and Revi ewer

Thank you for your lbe el eabbhadcbdbomenthe ard
concerning our fikai nrusstc r Op $ e revnattiitolnesd o f Sol
Modul ati on of Diurnal Tialh e sSa raucmhme ret s nart
val uable and very helpful for revising and
i mportant guiding significance to our res
c ome nftamyou and the reviewers carefully, and
These changes in the revised manuscript hay
manuscript, as well as the point to point

Commelnlti n5eD6 B nd Secti &8 33Th:e( laiunehor s mi ght

be more precise in framing the novelty of
influence of solar heating, and hence of s
at mos phheerrmacl tti des is well established. Th
study should not be presented as the disco
per se. Rat her, the authors should-clarify
raedamred observational -decamedt mbdohabfoanof
amplitude and phase structure of l ocal ly ¢
including its hemispheric asymmw@ACgMand it s
Respowefail | y agree that the influence of sc
tides is wel!/l established, and that the nc¢
demonstrating that solar forcing affects d
the Abstlratroduction, Section 3.2, fiand Co
contribution of this work.

I n the revised manuscript, we emphasize tF
mu tsttiat i o-nathat eobservati onal -rcehldhataeesdcomnalat i
modul ation of the vertical amplitude and p
tides in the MLT region. I n particul ar, ou

most evident at Nort hleatni tHedms sa,p higs wselhlhsatr aamt
the Southern Hemi sphere, aMACCIMs &Wel hapaer Bl y

revised the relevant wording throughout th
solar heating al one deter mi nesn gtkheea toibosner v e
radar measurements represent a superpositi
components and are additionally influence
dynami cal processes. These revisi@en®fmore |
solar heating in tidal excitation from the
study.

Commenti €141 The manuscr ifigl olralf ecosainmat oal o g )
emphasi zes the gl obarladdairs tnreitbwotisileo no Whfif Itéhtee lar
radars indeed provides a vethywyseal peblspeand
the spati al sampling is not globally wunifo
sectors are much better r e preersne nH eendi st phhaenr et
stations concentrated in East Asia. The aut
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where appropriate, o r-u nbirfioerfnh ys tda tsicouns sd ihsotw
affect the interpretation odnthaetmivsepnheesrsi co fd
i nf efigr edlp &It t er ns .

RespoWeeagree that, although the fifteen me
l atitudinal coverage from the Southern to
di stribution is not uniform in either | ati:t
Hemi s ph-&ow -Inatditude stations are concentr a
Southern Hemi sphere and other | ongitude se:
We have therefore revised the wording in t
di stri buctoevde rgplgeebaalnd now describe the obse
grodbmded perspective across a wide |l atitud
added a discussion of this | imitation, not
shoul d Hedi ntnertphree context of the avail abl
station tidal observations can also cont a
nonmigrating tides and other regional ef f e
di ffereneet mdyffrefénces in | ongitudinal S
hemi sgsltead iec behavi or . Nevertheless, the geo
still provides a valuable -9balee vadmmanmlf dats
and hemiommpghearsitcs dn the seasonal structure
are now explicitly acknowledged in the rev
Commenlti meSs0 5&nd Fig. Al: The authors state
window | ength has tomd yamalm sniiamadf eddasxdn aln
t heref or-caydwipnd @waAwistthe m. 1However, Fig. A1l
t hat -dday wWilndow | eads to somewhat stronge.
compar ed wiatyh ath&de 7Wi Whowe. t hi s may not a
climatol ogi cal seasonal patterns emphasi ze
mention this smoothing effect ebfmplniiaonatil y a
ef foeef ers mainl-gcabe tthyardarassibdhearled her e, r
sho4+eem tidal variability.

RespoWeseagree -ddaywtfitthtei Mldd wi ndow produces ¢
shdretrm ti dal vadawbalhd t®wi hdawst has5can be
Al. Our oemgnhat hawtatdbew febhgimfhghasdoerlf yeat

was therefore too general. We have revised
applies specifisccallley ctlo nmahe | sggax<c@analvari abi
stude,yr natam-teo mshodiaér daryi avti inadmdva wTdthe@dm 1
is retained as a compromise between tempor .
CommenSecst:i on 2882 3Mh:e nreesported rel ationship
the vercttiucal oftrntihe diurnal tide Iis one of
At present, however, this relationship app
seasalntailt ude pl ot s. 't would strengthen t he
reeliaonship more explicitly, for example by
correlations, or a simple metric describin
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amplitude maxi mum. This would make the evi
momebust and easier to assess.

RespoWe ethank the reviewer for this constr
guantitative assessment prevViades modaoah@ern o
vi sual comparison alone.eflomr ¢ heddedias edi m@alr
to characterize the ssetaswatadr e acfi atth e ndii unr r
As shown in Figure 4, we further compares
of the zonal and meridi &pnaMCWMRur WHMRt i HBBMR¢
and FKMR with the SZA. Strong correlations:s
BJ MR, MCMR, and WHMR, while relatively hig
| owleat i tude stations KMMR and FK&Rppdhese r
for a promedmded SZAMsonal modul ati on of th
tides in the MLT region, -hceoantsiinsg einmp rwiinth o
observed tidal wvariability.
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FiguCempari son of the altitudes correspond
column) and meridional (right column) diwur
Wu han, Kunming, and Fuke with the solar zetl
coeffaceemasked in each panel

Comment5: Li n3¥35The aut hors cor rstcatliyonn omeet etohr
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radar observations represent a combinatio

components. This |Iimitation shotlkdpbet mbr e
of the SZA dependence. Since nonmigrating
asymmetric heating, topography, |l atent heat
should be cautious not to i mphybehattthbuol
to direct solar forcing alone. A short <cl a
established role of solar heating in tidal
of |l ocally observed composite tides.
RespoWes et hanki @vheer rfeor this I mporetl antedc o mi
variati ons i desst affii e adha Denmriss gV &t i ons s h.
interpreted as a direct response to sol ar
manuscript, t he diiumadiavi duadle rdeedarvedsi tag ra
superposition of migrating and nonmigratin
heating provides the fundament al excitatio
observed compositebyidenabhyabasymimet af tehtee
rel ease, topography, background winds, anoda
gravity waves.

We have therefore revised Sections 3.2 and
I n the revisdAddi mangedr iapt ,a $2Z&presentative

variation in solar il lumination rather tha
forcing. Accordingly, the observed corresyg
amplitude ands ph@aw ed sgaruich udteasssl iaeraSsBAal mo
or imprint on the | ocally observed composi
the | ocal tidal structure is directly coni

softened t heaucsoarlr ewsoprodnidnign gi nc t he Concl usi on

Comment6: Li n25363I:he authors ref &ratanlfyr ogne ntehree
European CentRrasmmgfeo Wellé tiieu mFowheecra sd iss o LEESCSM Wi
surface net solar radiationhandagar Azael haé
Statement suggests that ERA5 reanal ysi s d
explicitly in the main text, including the
the appropriate reference 2MWqulfdrbde&RAbded,
R e s p oWeghank for pointing this out. In the revised manuscript, we now explicitly

state that the ERAS reanalysis produced by the European Centre for MRdnge

Weather Forecasts (ECMWF) was used, and specify the two variables analgzsd

study: surface net solar radiation and surface latent heat flux. We have also added the
recommended reference to Hersbach et al. (2020) and revised the Data Availability
Statement accordingly.

Ref erences: Her sbach, - Q- BelDR20) B. Th8e ERIA:
reanal ysi s. Quarterly Journal 1099290 4@. Royal
https://doi.org/10.1002/qj .3803.
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Comment7z:Concl usi 4224 qHhienenmnuscript focuses or

seasonal patererwhset hbeurt tlhevoanudt hor s coul d ma
year nature of the radar data set by brief]
may be relevant because the individual rad

partly dirfsf.erAdnthoyweg h the authors compare
Ssubsets at Davis to assess the robustness

know how | aweart varyeadr | ity of the diurnal
at s eslteacttieodn s , and whether it could influer
hemi spheric differences. I do not necessar
short discussion, or one representative suj
tdh robustness and representativeness of the
RespoWeseagree that interannual vacrtiiadbei | ity
variability and may contribute to differen
radar recor ds amfd diofvfeeriengt dlignfgetrhesnt peri od
The pri mary porbgseecrntti vset wody tihse t o characteri z
structure of di urnal t-rddar aordbwesrk heatahvea
investigate their interannual variability
record | ehgmht ohodgihealmprag esdl tsheewa mphiat ude
and phases der-i @eoh DYWR tdodeoddngi th those
year Ssubset (Figures A2 and A3). The com
di fferences i n magprtodepadlitd st adse msatkr,uctthur e
very similar. This suggests that the major
study are relatively robust to differences
Foll owing & heugeges teiwam, we chaseoexpaneagl i
acknowl edgey etalratt iydeadr variability may affec
individual seasonal enhancement-tsethadi may c .
and hemispheric differenceesc,ormgar tdiocun atr | g
identical periods. We have therefore added
rather than introducvyargi ami laidtdy ta malay s ii a,t e\
the scope of the present climatol ogical st
As a -tiptlol otwhe present wor k, we atrermurren
variability of diurnal tides at mi ddl e and
their responses to the QBO, ENS@,ecamddalt he
variati examwinleld bhbe det ai l i n a separate st

Comment8: Concl usi d2i€ 49T hienesompar i-WAGQCMviith SD

di scussed in Section 3.2, but it is not cl
the model comparison i srampti mpar thaedtpsp aretmo
val ue of the observational data set, t he

outcome there. I n particul aNMACCtVh @ e(@a mdlulcseisc
some aspects of t he-t oldeeinaetdya b eeasspoencailal diyu
|l atitudes and partly in the phasreelsatreudct ur
amplitude modul ati-oamnda-hmdtdi hedebseasedal owa

woul d al so strengt hen theolsdgpayt epeotvi dehsat U
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constraints for model evaluation.
RespoWs et hank the reviewer for this helpf
compari seWwWAOKLIM h sSIan i mportant component of

be more explicitlgl ssiimommasi zed i n the Con

I n the revised manuscript, we have added
observation comparison. -WAECMfiepl bdJuceae 8
broad features of t-hedebsarvatdi seaglpnpbar ti o
amplitude wvariation at hi gher l atitudes ai
Hemi sph-batei mudes. However, the model does
| oomnd -Inaitditude seasonal amplitude patterns
SArelated modul ation of the vertical ampl:.
Techni cal corrections

Lin2lt2 17 he sefHowecer, the seasonal mor phol o

conjugate é®0A adabitudesl ear and appears to
RespoWeethank the reviewer for pointing th

sentence was unclear and grammatically 1inc
fol IMowwever, the seasonal mor phol ogy of th
comjau el ant idt ude stations ALOMR (30.3AS) and
hemi spheric asymmetry. Bot h exhiMairtchenhanc

but this period corresponds t®@ autumn at Al

Li ne Ai”2h3e3 :Mer i dimp h aok>uTHites mer i di o n al DT ampl i
Respowesehrave idhher Metr edi on at GTOhTe ammeprliidtiuodneasl |
ampl ioi uadésvwe revised manuscript.

Li ne ivde3r4t:i c all abits trueddeu fwdearmitc ,c adxeBa t detctur e
structure

RespoWes ehave fiweptacaeld abwi fivhede i sctau ostturruect u
the revised manuscript and checked the mani
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ZeniAbh 9l e
CorrespondiXm@gnagitxlueeXihedu(s)y c. edu. cn

AbstrMmcgl obal climatol ogy of di urnal tide
thermosphere (MLT) I's constructed wusing mu
radars dwosrtlrdiwiudteed The results show that

strongest dtatliawid@®sdN/(®PA with peaki values
neari3@0W/ S, and are comparatively weak nea.l
The seasonat wheidtuonasal tide are charact e

equi nmkemi mi ma durl ngaddetsohstocebese gl o

featur es, we i1identify a <clear modul ati on
amplitude amdbnphasarbhpwptseas in solar forci
solar zenith angle (SZA). This modul ati on
mi-dati tudes, but i's much weaker i n the So

asymmetry suggressponsheattcd hgoltiasrdafbtTogl obal |l
further explore the possible cause of this
of zonal tidal moment um. The results sugg
influence tidal iptepagat iedf etchhisouwaghhd fmo me n
contributing to tdeffodbsemves heemsegpghkessLts

provide new observational evidence for the
tides in the MLT Irecgadansnt raandnt ef ffeorr utsheef ue v ¢
circulation model s. They also i mprove our
variability in the middle and upper at mospl

l ntroducti on

The gl obal wind field, t emper atomr eo,f dtehnes i
mesosphere and | ower thermosphere (MLT) roe
vertical upward propagation of at mospheric
momenftwoom t he | ower atmosphere toetbhe, mi dd

Fobes amnd 1®arr9r;etFor bes, 1995; Hagan and For
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Pancheva @t molsphe2z20Xk4)t.ides in the MLT regi
of the gener al circul;®&miom, ( ROY@Rh7 Bread keor, b
Grotbomdbsed and satellite techniqgues are wide
the MLT region. Both of these techniques h
As tidessaakegbesball ations with periods th
satellite observations can captufldadpanh mi
and Forbes, 2002; Manson et al ., 2004; Ober
Mukht arov et lal .20Q2®;09PamXah et a aetr eanlc.e,s 2009
t herein). However, t he | i mihtaahteiiansi nacfl | aat
preceosrshiintgs basically take dozens of days t
examplteertmes phere, i onosphere, mesosphere
satellite needs-h60r dmgas uroe nceonvtesr, 2s40 obs el
satellite uswsinloywiheees cd¢ a maht eo | DIgywdolfo-twvalr yi ng
scal e midgoati gtgiadhensng( Xu et al ., , 009t hBygnch
are not well sui ttear movartn inakeisltiitgyatiimgr esdiioar
| n addi t-ba soelhdsoe rsyaamtci@aodnvsa nt algees eod tgeg whumidqu e s,
as met e(coMR)r aadnadr medi um frequency (MF) radat
of MLT wthii¢dds ,the | asthavVewbdenadascessfull
i nvest i gattienrgm tvheer isahborlti ty and seasonal, i
vari atnniiodness, a@a st heilelr m othrgenagde svari ous geogr .
|l ocations (e.g., Manson et al., 1999, 2002,
Vincent19@8,; aMi tch&®lainceteval et 2002; 2023 ; Yi
Stober20e2tlag!l .Hi ndl ey et al ., 2022, Wang et
obvious ' imitation of a single statitieon i s
oscillation of tidae®nandtriakdsngct migrating
To achieve the idadc¢onparspiotnieonnt sof att iew st uc
l ongi tudi nal di stribution of MRs and MFs a
anrdonmi gtriadalngcomponents (e.g., Murphy, 200
2018; He and Chak0;20Wa%hg lkituaeét ,al20223 . Ho:
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decades, numerous studies have investigat e
' imted to a single station or particular |
2013; Stober20bh; adnd 20O 1aEl €r efrhaee ag | totherl e i

picture of mesospherbasded dreas pidhssed ¥ eglt iblyl g

Diurnal tides exhibit variability across a
primarily driven (¥) twar maltihlaint gy misn tropos
tidal forcing (Zhang et al ., 2010; Lieber me
t hrough i nteractions wi t h t he me an fl ow,

(McLandr ess, 20023, 2t@0r2nb ;v aBreicakteiro,ns2 0iln7 di

further influenced by seasonal cycil es, i nt
Southern Oscill athioennn(iEaNS Qo)s,c itlh eatygewaans i( QB O)
solar cycle. These rfatcitoorr samd fwertt ibcoalh ptrhoe

by modul ating tropospheric heating and bac
190918i;eber man et al ., 2007; Hindl ey et al .,
2025)

Thewvrrent—gtobal—d+stri+bution—of—meteor 71 ad
et or——r oot once e ow o deco [ oveorabl e oonaloal

et+Hmatotlogy—of Tfmefstoeserh emd tcetdhrii dreasdiramrdgy ties e d |
a—g+obparl 0o wii deew e x theanssei dv esoafgnt pebl iiHisndga—&t+—at mmpdleist ud e s

across both hemispheres. Al though the net w
and |l ongi tude, wi t h seveampphalsocersthbaaedde m
obseations—From i fteen—meteor—Fradars. Our

strongtymidfhttehodse stations concentrated
charactetheratsiermdauth—on—of —t+he—vertical st

ampt+adgHsagest i cal structures of l ocally ol

i nvestigate t he ampl itude and phase vari a

observations from these fifteen meteor r ad:

i nolsar f orcing, represented by t he sol ar :

systematic changes in the vertical ampl i tu
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diurnalntaddsti on, using horizont al wi nd
coupl wegnbet descéngdne @aimeftwehvw—eh—moadnudl at es |
di scuss its possiabmpd inalde , i mp headsweegpH-eagygdt hivdaaflt
d+udu+natrtctleheeese f i s mpgte Pnals eeewiad @ nocnea |

t hat --fooadgalmays—a—sirgenliaftiecda nste arsoolneal iwar i ati o
sh-a¢ ihvegh-avvei rotri c alofs tdriwatnuarless i des i n the MLT
2. Data and Method

I n this study, hourly horizowMiRM&F wredudada
The | ocations of the stations andFutrhtenierr al
Faformat+on smhmrgee otgh déi@gh-a€i+—o0nsG¢ o rpdeirma ti eosn,a
oper aftrienqgquenci es, peak power ss—awadriel oabbsl eer v
summai inz dadfiTIemelt.eor r adar s aweeaer niunf atchtiusr esdt
either by ATRAD Ltd. (b-B®e ndesswiosr t Llht de.t (aHo c k i2
20 0whiacnia welyyvoasdimi | ar desramsmnanidngi pl es.
The DVMR, BP MR, DWMR, FKMR, KMMR, WHMR, B
TRMR, and m&vMRactured bypr AVTRAB LtLtedipor al
at+ti++v edirresbll ut hmoamsd @f KIns p e cTthiev eKI TYMR ASSMR
AL OMR, and mieBRMRBCct ureesd s:b plLrto®eind e tempor al
atti+vedirresbll uthihand B8fkdnbett ermr espe ctthexed y.

ALOMRata+r—F+tt+ng—useddli nc otmpiosn exntt ledhye wer e
vert+ecal—eraerslioleurt i i YOME To pneertaetoerd rnaedaar t he /

Observat @0v20diud i mgand Fr anke, 2020)-, rat hei

based multistatic CONDOR system deployed i

2022) . For consi st enkor iizno mthaeldagstratall cah alt ¢ s
eveweyr e an 2k ywietdhiart ttirheanrdyeei ftreomv al89-oo0ver t he

100 fk ann dReid et al. (2018) and Zeng et al. (2022)c—a+++—ejdo-1 o bt
measurcomanutct ed col ddarmt ecdapmphiemmest—vi ng t wo

meteor—Fraddr sDalvoasatSetdat i on i nSt+Pantditaornc b wca a

|l atitudes, pet goefd wi n

11



401 by—meteamnd r pdespvwiedeeidse—estidmdtaidredofdswiesd me
402 met<eadar wind performaceetanctt messur ement
403 Tabl Bailn operation parameters, geographic
404 periods for the meteor radars wused in this
Met eor| Geogra Frequ Peal I ncl ( Appr
radars| coor di Pow( dat e Year
rang e
Sout he| Davi s 68. 6Ag 33.2 7.5 2005| 20
Hemi sp| (DVMR) | 77. 9AEH k W 2024
( SH) King E| 54.3A | 35.2 7.5 2016 5
Point 36. 5AW k W 2020
( KEP MR
Buckl a| 34. 6AS 55 MH| 40 2016 | 5
Par k 138.5A k W 2021
( BPMR)
Andes 30.3A3g 35.2 7.5 2009 | 5
Observ| 70. 7AW k W 2013
( ALOMR
Dar win| 12.3AS 33.2 7.5 2006 | 8
( DWMR) | 130. 8A k W 2014
Ascens| 7. 9AS,| 43.5 12 2002 10
Il sl and| W k W 2011
( ASSMR
Kototal| 0. 2AS,| 37.7 12 2003 | 14
(KTMR)| 100. 3 A k W 2017
Northe|l Fuke 19. 5AN 38.9 20 2015 ]| 6
Hemi sp| (FKMR)| 109. 1A k W 2020
( NH) Kunmin| 25A08 37.5 20 20411 | 5
( KMMR)| 103. 8A k W 2016
Wu h an 30. 5AN 38.9 20 2012 | 13
( WHMR) | 114. 4A k W 2024
Mengch| 33. 4AN 38MBlz| 20 2014 | 11
( MCMR) | 116. 1A k W 2024
Beijin| 40. 3AN 38.9 7.5 2012 12
(BIJMR)| 116. 2A k W 2023
Mo h e 53.5AN 38.9 20 2012 | 13
( MHMR) | 122. 3 A k W 2024
TromsR| 69. 6AN 30. 3 7.5 2004| 20
(TRMR)| 19. 2AH k W 2023
Svalba| 78.2AN 31 MH| 7.5| 2004 | 20
(SVMR)| 16. 0AH k W 2023
405 To extract the tidal components observed
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amplitude and phase of tidal components. T
to the hourly mean zonal and mer ibd/i onal W
Wo wo B 06O0E+0 n h (1)
whewoweé i shwve ma asur, ement t he prevaand agdcompon

nrepresent t he ,anrpdsipeuciteicvaanigybaie dpves | od s

of 24 h, rkdPrreseemmdn&lhhbe flemi di urnal and terdi
As shown iinn Aphpee ngMeR ltrest ed muilndow el gngtth o
(Blayday andaylldys). Al t-daowgWwi ndew 1droduces s
stronger s metoetrhm nvga roifa bsahihderd-tynrdhtamatt7-heh & r es

day windows, the maliir tsheddaspol niatlu dveasse-aargdi opnhsa si

Fa+rmgemayi n chamosaidsetyeoss—these—ampndgwt hbezddhre

window | engt hs. Therewoneowthengnh | uencel a

for t hes cseelass ovmaarli ability emphas-teemh tnhdahi

variations artehcehoi € es aedeshvgitildehvatd—mini mal ef
anatlysis—of —seaBasaeld toinddlhiwaraisesstedsasynse.nt , \
wi ndow -dBly htscheepxt+aectad he Qdmmbmrormi2sé ,bet wee

r e s o lant@gi—dn d-a dmmomn-ahe W—6-g-u-aade-|a fuist nig
met-hod dBLOOMt-Bbtitfude i maangae.abi l ity
W
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w
<
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H
King Edward Point (KEPMR; 35.2 MHz)

60°S
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FiguTéell ocatDaonss oSft attieon ( DWMR),g 6E8d.weah Sd,
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451
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456

Point Station (WEPMBucIsl4dn dS3 £ a366RAS ,( BPBIR, 5 AE

Andes Lidar( AObGMROVY 8AorSy, 70.7A W), Dar win
130.5A E), Ascension |Island (ASSMR, 7.9A s
100. 3AE), Fuke (FKMR, 19.52NAN61033E)34AE), K

Wuhan (WHMR, 30.6A N, 114.4A E), Mengcheng
(BJMR, 40.3A N, 116.2A E), Mohe (MHMR, 53.G¢
N, 19.2A E), an®ANyalBAEd ( SVMR,

The DT results are bastehd voanr yriandga rl emmegat shusr eont ¢
records. Some radars, such as ALOMR, KMMR,
d a twdwlh e roetahsktskuec DVMRKR and TRMR, have up to 2
di fferencesainnd oéecer d mbgnmngnlh lcperepteacttleed me a
DF—ampt+ituedsetsi meetatnt reelg-ni—t@adned i t udes and ph

because diurnal tides al so exhibit consi de

sensitivity of the clinaFiodgwnmes aAh2wansd!| AS

compare DT amplitude0andtaplsaseastderyievaeds fc

Davis—meteor—+rada+r—{(DVMR)—t Niekoeh grompRVY MR on ¢
record with thogeambsahb s ed.dfi Mddriaiveest-gvle esno me

the—twei ndamagaentsmalkel dent | the Tpttntupaeal

structures remauggesdtymgldbmdtbh—does not si (
t hrmaicnl i mat ol ogéeftaltheéeatpureessselnt etld-dagm et hi s <

relatively robust.

3. Resul ts

3.Skasonal Variation of Global Diurnal Tides

Fi gRBpreestelsee assahtltude structures of mont hl

amplitudes and phases in zonal and meridio
pol ar regions. At polar | atitudes, DT ampl i
annual wvariation, peaking in summer and we
meridiondln matnteerans. t he DT amplitude durin

shoasrelatively wealkh!|l ¢énthalew mMgatkmat | @aveli n

up to 10 m/ s, and a strong enhancement at h
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up to 20 m/ s. Stober et al. (2021b) report
Mc Mdo meteor radar (77. 8ABHSHa ts hhoiwg hsetrr opnogle
enhancements during summere nmimeamdu@alc ecnemp G n ¢
during-MMar dhaut umn) -Movde mbept e(mbemri ng) i n

components, whifdrergmds esretass oan a | pattern of

observations.

At hi gher nor tthhee rzno nnaild | aantda tmpebr eicsdiisdeemsa le d D B y

t he MEMRPw similar sve-d $ho nhailglhpatt t edes TRMR
observatieamfi ng their maxi mum dur Abhg S umme
southern higher midlatitudes, t he KEPMR zc
show two weak enhancements in March (autun
val ues upTht€dE PMRe mv &i. on al DT amplitudes are
t hosfe the zonal component abow@é€chkmshwowdh an
maxi mum near the spring equienagx, rHe aaadH ieryg e
202RD)t hetrgMiHiM&R and KEPMRawme ®grlaopxhiteall | y con
hi ghe-ratmitdudes tdi éebssdei buwr éndeddH-MR——and— KEP MR

sheotwso st atai ocrlse asrhosweasonal asymmetry.

The DT amplitudes observed by the BJMR, MC
at northernnem alllay i ¢ uldielsi tgeaTlseasynblivam s$ eas ol
enhancement near the springareqqwhe oxutammdn a
equihNloe aDMpl iafudebe zonal components obser:
MC MR, reaching values up to 30 m/s and 45
values of the meridional componentAt reachi.t
|l ower midl atituddsR rzeoanral 3 0ah dN ,metrhi el i Wn al D1
generally equal, reaching values up to 50 |
At southern rBiOAISgt itthiedeDsT memgprl i t ude obser ve
two significant enhancements that appear n
hihgr |l ati tudes, the BPMR DT amplitude exh

autumn equinox and a second emHvarwvement hien
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seasonal miohdg wo In@dgasott o fdhees a pcporng xui onaeteied |y

| at isttuadtei o n s 3 BANHaOMRIBUAASSEWHEIR dQG2ERN3 hows a <cl ear
se-ashems |s pphseyrmnebtotyp—p e aBkot ihn ex hi bi t enhance
dur iFedriMar ¢ h ALBMR —tnheiasr peri od awdmains ponds
AL OMERHE4CMR—sega r-agpgi+-Rwixthermore—thke BILIOMR me
a—+mpt+—i—tude s —sztorneanlg-ecroanVphibdmtie ntthsa.t o f

At northern l ow | ati tudes, the zonal and f

KMMR and FKMR exhibit t wo significant enh.;
March and-Nsepmbmber Di fferent from the midlI
amplitudes at |l ow tlawdge adhes zamal stcompear ntt |
(2008) reported that the zonal and mer i d
Trivandrum ( 8.a5AeN)manke tnevbn dnam il eng ( Au G u B1n

Novembespr (avhgr c h) , and meridingeal tammpl iztond

amplitudes, which are generally similar to
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semiannual patterns, with peak values rea
Kumar et al. (2014) also reported semiannuas
with meridional and zondb eampl i dsEdpepankel g
to ALOMR observations at 30AS. At the wequ
JaniRebyr uaidyul yJ unan dD eNcoevrelnebre.r These ampl i tu

with altitude, reaching ~40 m/s near 100 Kk

Fi gBpreestema mometainl pyhases of the zonal and |
(DTs) , defined as the time of the first
measur é&merctes.t he phases are calculated in |

among radars aretietfudmesnat 8dMRAandi RMRaex h
variations in both components, while DVMR
by more stable phases and |l onger vertical v
At higher northern miMHMR irteusdeensb,| et hteh o3Te paht
with semiannual vari ati on i n the zonal C
meri dional component. I n contrast, KEPMR at
variations indbdttrercogpdmemt SODYMRRbandsi mi
BPMR. The zonal DT phases at ALOMR exhibit
meri di onal phases are semiannual and mor e

meridional vertical wavelengths are short e
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excitation.
A cleo®anrealoatriecsmiosn deethsceer vede bs b weknSYdheati on

and wvtehreti+cal t ilotdin dyahi tu riAadbat-t i (dp)l i t ude mMmaxi m;

espepaatl gulmottyhern midl ad nWHIMIR)s, (aBhJdMR,0 M
|l esser extent at nokdrmkEekMRNeaw It datei teuqdueast o(r }

amplitudes at KTMR exhibit a semiannual vV a
SZA. $authern midlatitudes, the vertical v
also correlated with SZA, although the rel

Northern Heve rsgpl-hbebhaeb s e r vadtg-mpmest tclaate| ar
heatingstrmed sleaatseonthevalt BD¢Tu daempd i t Ude maxi n
closely associat ed wi tahs etvhéeo-sslredth-sddraat|i twadreisa

but—this—mi keati &uxdeab sctlaetairo nhse, miwsiiptihhetr h € a sy

strength of. tAs$ ss heWwd,t itohnds ihgglpwokeal semi di urn

amplitudes observed by the fifteen meteor
Compared to the DT amplitudes, sthimeviseasone
Fi gBexhi bit a stronger correspondence with
represented Bhishefheon & ZAomwesrt aenvdi dneindtl aatcil
in tHhe pHErt i MHNRBIIMR, at MEMRR , K MM RH-MR .

S+mita+r—but—wddhkR.Fi csurgenafis fareher compar e

corresponding to zero phase ofobsbkbBevednat
KF-MR—near——the BJdgWMRf o MCMRs WEMR, aKMMR, and |
t he SZA. eYtartd noo sa dar®@aMRfFeathrddhBRP MR dl ati tude s

BJ MR, MC MR, and WHMR, while relatively hig

| owleat i tude stations KMMR and FKMR. These r

for a prowmwedmdssdh asl2modul ati on of the vert.
ti des SHwadlaMLTudegi on, consistemeéatwindr an

i mprint on the obsiemivieadh@Ti daanip | i d uidde®ialri t vy

correspondence betamale nSZtAh ei sDTobplkra y e d at

Hemi sphereiandaciadtnsg a hemisplhiesMh €k atsegydnme t
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seasonalofs-aA DAt phhmse. As s hoavwn—ciom-shisg lerng A

expecttahtel prhsa,ses of t he xshamiidi wmronall etairde e(l &
SZA

, suggesti weeltahtaetd tsheea sSHMnAa | signature i dent

evident As sBhewS8DAManARiBguwesal so computed t

tidal (DT) amplitude and phase -Htyoammhosrl y
version of the Whole At mospWACEMComsnampl ¢d C
at t her andeatre olrfohceat siomwsl. at i on thies—Gmudlgpe dl tEawa
Ob-se+rving—System Mobdeltreavheartsyisoins—5pr{0GELQ@S (|
200MERRA meteorol ogical fields produced us

System Model , Berdatoam &s iGRIOISati on)system (
| t empl oys a horizontal resol ut ivoenr toifc all. 9 A
resol uti on |l evli44 configuration with 144 v

resol uti on of approxi mately 0.5 ktmh @ n t he

spec-dynaenmi cs configuration, winds and temp:ée
constrained toward the reanalysis fields, \
(Cen et al . | 2022) . Hourly zonal nandhemer i d

present t$BWMAICCdh aleypgioduces the seasonal va

at high |l atitudes, with maxima in summer a
However, at | ow and midlatitudes idti ufraialls t
tides observed by the meteor radars wused i
Zhou et .,al . (2022)

We further exaVMACCM whet herpr®blu®@ea dti lnd | erds o

i n t hestvreusditirwraodf u Dds ampl | thade—asddphase!l v
by—the solanszeni dthe da nWgiSZR{vAs+—ae&Dercd edn
WACCM generally #daiehse mdS8<Zekreviehde-aftiacaete unr e s

DT ampli+thwmdeso mthreatetaysgel vy cadpghAurmeoasult itti on

edorresponding sBBsmpmade vatr i Mdri tomer n nHe mi s p

The discrepancies bet weWMAWCCMh esuglgeset vatthiaotn
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e X Ci treetethermaingdmsev ol uti on precesseheodimedopaph
|l ower thermosphere (MLT) region are stild]l r
3.Bi scussion on Hemi spheric Differences 1in
Zenith Angl e

Fi gé/pe esentisehavtnabdeont our plots of the 2z
ti dal (DT) amplitudes at 86 and®Ac9dslsmt heder

mesopause region, bot h ¢ o-@@dn eNV/tSs, gceonnesriasltl
with dobeatttgdal wind measur ementast iftruodne T]I
DT wind maxiGMa amelarar ound ~90 kimOP:®ug., Obe

et (08 208®d wi timsmulutmie nt ti dal wind/temp
from Huang.etOvelral (2006 meridi onal DT amp

than themponaéasonally, zonal di urnal tid
equinoxes anmeareatche ms mli snai ces. The gl obal
amplitudes are | argely characterized by s
intraseasonal components are also present
Guharay et al ., 2021).

It pertiant to note thatsttahe oDTINedlever vad alv
a combination of mi grating an@aasielayhi gy at it
separated. Il n some <cases, nonmigrating <co
mi grating ones (Forbes and Garrett, 1979).
by solar infrared absorption by tropospher
zoaAmean ozone in the stratosphere and | owel
1970, Forbes and Garrett, 1979, Li eber man
Il n contrast, nonmi grating tides arise fro
zonally asymmet r i curtfhaecrematl o pfoogrrca pnhgyn,d el .ogc.a,l i
|l ongi tviadiimad § wlnasr -Mreeraitptnigomds nonl i near inter
stationary planetary wa2v0els3)(.HaAgxanuran e Hmordb

t hesd hteirce&gpuier es canbr dadattmoageleddeéc proces
FAeluvddngti ve, chemid@iettecshnadsdygnamiheahcl ud
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g+obaltl—dii ssttrrii kbfutt iilcrelmend f | nogz on e, and water
background temperatur ey acidf fwu s idwa ¢ gnod rgacqu;V iat
and Newtomrdiiaoag ( Manson et al ., 2002).

Accordingl vy, the correspondence between SZ

should not be ti@mherpespendsast a odineect sol ar

SZAs used primarily as an indicator of t he

The obserekdt SAvari ati ons should t-herefor

forcing i mprint on the |l ocally observed co

phses are further modified during propagat |

reflect contributions from zonally asymme:H

background circul ati on, and i nteractions w
| n Fiegrea regb/f, we present gtlslbaatsietauadinad!li amsl o f
surface net sol ar r adi-athbooshe-dheadif wdoahifah e | a

ERAS5 reanal ysi sEuwrroopleuacne d Cebnyt-Reeh gfeo r WeMd chieu m
Forecast g;. (rlEsSOMVF et al ., 2020) . Mont hl y c

ERA5 variables were used to characterize t

and ihaetad n tfAsr csihrogv.n 6a76 FKiugusaet @ar n eatadisat i on
p+—+mari+t+pt rqmnelo nebdyo | IS&Zde as on al variati on
i I I umj nwsiteiHear—heati+ng—peaking—at—mi—dl atitud
seasonral—pattbkbangencvakseal bcesut eilthee i n the
seasonal s al Ir if ladctie m t—ei-thfelag s h o wn Bfrf, Fiiggur e
a+rgted olnagtl iyt eupdec®-d-€b-ngest, awiotumdl alr5¢der magni

|l ow addtmitdides awda lsesdbstmetadbaytor and mi
wealkadtmes hiwdelsa.a e nt heat flux tends to be

hemi sphere th@Kubot @ het salmme r 2T0h0e3s; e Zrheasnugl test
suggest t hat the sol ar heating sources of
hemi sphered.hs$Homevey, does not explain why
modul ati on oodc cdiimgrinyail n gt itdheast ot her factors

winds or dynamical Il nteractions may be i nv.
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697

|698 Figggd@ompari son of Dbackground zonal wi nd (
699 f l ux of ti dal zonal mo me n t fuinf bferd egohrt rcaod aurnsn.
|700 Note that vbheeecsoboebHes§f dr &h&lrh ea nbd nagc kp d ni enle
700 depict the solar zenith angle datelf22etkTimadn
702 bl ack dashedspirneg adaepi atut umea egwiintexes at
703 sol stices.

704 I n addition to the excitagromndogices)] at he
700 should also be considered. The background
706 propagation proé¢esseoftngidéesethspughi ch ca
707 background zonal mean | oavmexteuwr i mig tal dag s g
708 — ; : t al ., .

709 WAGCCM—simutlation—ecannot—Fultty—reseolve the
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observed—by —meteor——+adars—anmndthmitd-tatdedy,
—hereftore—+ 15— pecessory Lo Feooni [y a
observations—to echaraecterize—varDoaptpiloenrs i n

effectalteahi ohe dpliasalzonadle sanidn nbeortihdi on al

cC 0 mp o NUendtes i deal conditions, t he zonal and

tides are approximately in guadratur e, wi t

in negligible meridi otnhuamhd/(f.| uHxo wefv etri, d avlar z @an

background zonal winds can modify the tida

di srupting this ort hoguvd a lTihtey ed ma epr a dhec inm

fl ux of ti dal zonal momeeomt umMompr chidast ar il

i nteraction between background circulation

ideal phase relationshi.fheemeeeéendi onahl|l fWiux

zonal momentum can be delriwiend utsii dhgs ,z owmhail c k
as foll ows (Devara and Ahmed, 1986):
o) —,‘7,55_ 0;_ €2_)
Wh—eomea—oucbe%o %o (2)
wheéoedenotes the meridionaldobdhidrepfesiedal =

t h@mptampteoftdheo nwailnd—atnidd eme rti-tddien a,lt i des
respeecth arhoydenote the phase of zonal wi nd
respectivel y.

Fi g@8@pea esent s t lmb e it oberapoakr g rsooumidw dznansadl t h e
meridional flux of ti#d@at o blentdlsenmocenean truamd ao asl
|t i s matbesckrtvtadt ons from BJMR, MC MR, WH MR,
| oca@amiddat i tudes i n t hehbhkdrheiratdetmi\s pdileir e
the—altituvde-samdv thenmtbmackwgeroend zbhal Wi nc
maxi mum of the eastward direction and the
zero. When the magnitude of the meridional
t-he—veadiHertl—eagir—this—md rsi dnaexr@rnedads utxwhaar € a ¢ h
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i ntensity at the same altitude and mont h a

tidal zonaSl nmdenpemnrtauaches zero when the phas

zonal and meridional ti dal aommp @ n eheittsy er sma i
suggests a potenti al rel ationship between ¢
of tidal comgpoattmtes from qua

Theéel, 1) Hough mode of pzeaksl—awi—nade@dciduerismmalt e
maxi mum amp2l5eM atl et oe &l —whitHeutgthe rmeosdpeo mdi n g
meridi on@aimp opienadk s ared lant dt+@Ahedietibpnal ti des
Fami-datituvdeatiampaessari—tmaigrolve rdgrdtt rhael 1(eld 1)

mode of mi grating tides with weS%®hward pro
tls¢ rong kPack ggredtdard—wind—attatlns I ts ma
Ht+ter+ng et tect—oft —the backgroundnamean 1|
winds prevail, wéaeset waoda gagpaddgcofmptomeent s,
maxi+m-2z+ng—the—vertiecal—gradient—of moment

compomniethe s itsemlpprostidarecingZAparkiaclkidracdryd tifh
The Dopplhamucefdf eyt tihe opposing background

frequency of the tides, which modifies the
the tidal components. As a result, the phas
tidal wasds fileomequadrature, therwvby produ

and enhancing the eastward memThdi epabkbohéblx

variation of background zonal winds may mc

componeanttshleatmitdude |l eedi ng to corresponding

moment ulmn fhlilkomin d -llaotw t ude r eqgi ons, this corr

due to the complexity of ti dal modes and tF
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Thicsuld be one of t he possible reasons for

SZA and tidalk haothillattnyt ude r egi ons

Howevear the sout héiren cloemmii s reenrce , miaect-wnerenn t he
of—+t+he—baachagl ouwn dat zheetabnnp 0 soifd it wren a | tidal z
momentum is eamaBRFMRbasler vedgh ALOMR 4 s al so
| atitude in the southern hemisphehas. Thi s
BPMR may resemble that - atintoudéeise,r nwhhielna s{
exhibits distinct behavior. Although ALOMR
is situated in Australia, whereas ALOMR i s

Ameri ca.t hRelyedipafefrect s of -mehabnl bawckgr o unes

gravity waves may also interact with tidal
et al ., 2009ER2IGEHOberheetAnales, Mount ains near
strong topogyawhvesgwath varying seasonal ¢

and Teitel baum, 2011; Cao et al .2092016; R a
which could modify tidal amplitudes and ph
vari at i omrso no ft |htein dSeZsA

4. Conclusion

I n Section 3, we show the climatology of
observed by fifteen meteor radar s, especi a
sol ar heating, which fodrd olwes:briefly summar
1. I n general, the diurnal t i des0 AN/eS)s,t r on

reaching ma3x@NiaS nwiatrh 2val ues of approxi mat e
at the equat-amdampdlhmirgHeart imiuddes (higher th
2. tenms of seasonal variatidmatithededi genal
r e atcthe—manxa xmunm a r equi noxes and have smal |
summer and wilnnt e sigalegoboes. the diurnal

enhancement s -FebriunmgAwgaudsutayreyaMalv eOclt eorb.erl n t h
pol ar region, the diurnal ti chewe sk odvureintha@ n «

winter.
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3Thesopaalewedol nt hen vatiittiucdael—st+uectu+re of t h

ahd—phase s disteatch wrmsdwlif aDdd kxhi bits a
wi sblha&ati hgmination, repreatnnedt bhgr 58ZIAowWe

mdat+tudeaeld ath st tudtelsi. s Hoevleateiroms hihp iISouwéaek
He mi s phhereohenomenon—i+s—tess—priomdiumateidng Tah
signihfeintiasnpth er i leetsgenmetno No+rt+hern and Sou

4 Gl obal di stributiofnszomMfalmetriiddalonmd mdn tuxm <
critical role of background zonal winds in
can selectively filter tidal components an

influencing both thedamphiatude deaitdi deehas & o«
i nt er arcetcioognniizsed as a primary mechanism con
asaymmetry observed in global tidal structur

5. The compaWAGOM swiiotwhs SChat the model rep

featutke observed -tg aes ovwaarli addii urinayl, partic

ampl i tude variati on at hi gher | ati tudes a

Hemi sph-eati mudes .-WAHOGW vdeore,s Snbot ful ly captu

seasonale @pmpltietruind -laat iltomdeasndanndi dgener al | vy

t he -rS¢lAat ed modul ati on of t he veritical a

observati on di fferences d esmoantsitormra & @ha ttehoer v

climatol ogy as canstobasienrtvat oonelval uating

representation of tidal exci t aattinoons,p hperr e@p ac

model s.

Il n concl usi on, tehifsirssttu-deyonpprroevhiedressive gl oba
obserwadubvsadlrloypmdBe mat ol ogi cal perspect
observed diurnal t ri addeasrGsu—-6—+—h—gdsi tsit fr i ebeuft feade taecar
both hemispheres. Tarewerseuflarienngcedadaatsae ts eotf
as—Vval uabl e obeprchmé rfkuntafiltoe—model——devel opn
evaleatlomti ng the seasohaldi andtalkédt deal i B

regatomospheric mo dealnd f owmmi Isd at hen ndnstri bt
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