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Dear Edi tor sand 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
comenftmmyou and the reviewers carefully, and
These changes in the revised manuscript hay
manuscript, as well as the point to point

CommenALAMR is assigned to be a Genesis LTd
ATARD mul tistatic setup. Pl ease correct.

RespoWeet:hank the reviewer for raising this
of the ALOMR data used inctthtlatsttulley. Addhes
Observatory region chuarsreedntrhwl thiossttast-itch eC CANIR

radar system. However, the ALOMR data analy
met eor radar operated near 2 ® 0928 16fn dwehsi cLhi dar
t 200290 1 it er v al is used in this study (Liu

The foll owing sentence has MBeOMRadded teedl
in this study were obtained from the earl:i
Andes Olbisccarnat @09P290diud i mgand Franke, 2020) ,
t he ADRARdAd multistatic CONDOR system depl c
(Stober et al., 2022.
References:
Liu, A.& Franke, S (2020). SKIiYMET Meteor Radar Horizontal Wind [Dataset].
Zenodo.https://doi.org/10.5281/zeno0do0.4267128
Stober, G., Liu, A., Kozlovsky, A., Qiao, Z., Kuchar, A., Jacobi, C., Meek, C., Janches,
D., Liu, G., Tsutsumi, M., Gulbrandsen, N., Nozawa, S., Lester, M., Belova, E.,
Kero, J., and Mitchell, N.: Meteor radar vertical wind observation biases and
mathematical debiasing strategies including the 3DVAR+DIV algorithm, Atmos.
Meas. Tech., 15, 5768792, htps://doi.org/10.5194/ant5-57692022, 2022.

CommenTti d2axl fits and climatol ogy

't i s recommended to add a sentence on how
day tidal fits. It mi ght also be worth me
dif erent studies are compared, some devi ati

processing.

Respomesethank the reviewer for thidsayhel pful
fitting window pr oduc etsersm rtoindgaelrn vstadrtoeoabhii Inigt
day damd %Wwi ndows, as can be seen in Figure
fitwiimdow | engfmhnhasa bdwaasf jyteheetr ef or e t oo gene
revised the manuscript to clarifyhehat tr
seasvnalle cli matol ogical wvariabilit-y consi 0
term tidal yarwni avi indmdvawT dthedm ils retained a:
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bet ween tempor al resolution and fitting st
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variations are more sensitive to the choic
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corresm@maendiereq trewti sled i n MM esmawnscniop
ure Al in the Supportingwindowmaeingnhswi
and 11 daysday AMitnhdoouwwg hp rtohdeu clels s o mewhat
sthearmt v arn atbtadnidd ary t wmiandows, the main sea
diurnal ti dal amplitudes and phases re
dow | engths. Therewioneowthengtnh | uencel a
t hes cseelaes dawyaarle mppbhdsi zed i n t Hies msttudy,l a

adopt eddkanya wi ndowdawi tsht egp s a compromi se L
resolution aond fitting stability.
Commd3 |l mage quality

The image quality is a bit hard to read an
overview images, it is hard to read the st
RespoWweseapol ogi ze for the poor i mage qualit
the ohigksesal ution figures had relatively |
reduced during preparation of the uploaded
have i mproved the figure quality and enl ar
Comment4: The di sdhsesison aof zeni th angle as a pr
needs to be expanded. The tempor al vari abi
trace gases play a cruci al role in the tid
more detailcheBxocthemrmiacti ons, pri mary, S e
mi ght al so have a more pronounced effect ol
RespowWeset hank the reviewer for this-importa
rel ated variati dms aitd eomtaidfaiteedo bfsreaomv agii mogns s
be interpreted as a direct response to so
manuscript, the diurnal tide derived at a
superposition of immgratdalg eocdpomemti r aWhi
heating provides the fundament al excitatio
observed composite tide can al so be affect e
rel ease, topogr apadiryd ibratckrga otuinanswi wmidtsh pl a
gravity waves.

Il n the revised manuscriopt, SZA is therefor
seasonal variation in solar il lumination r
tidal f orecianlgso Wex fhaarvded t he discussion of
chemical heati ng, noting that the tempor al
gases, particularly the primary, secondar )
exothermic cnhsemircathe emesoospher e, may mod.i
vertical di stribution of tidal heating and
Accordingly, the observed correspondence be
phase structurass ammehdMvedesensbedl modul at |
the locally observed composite diurnal tid
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structure is directly controlled by solar
correspondi ng tdeaeu Laoln cwairsd iomg .i n
We have revised Sections 3.2 and 3.3 accord

Comment5: WA CCM

The reviewer recommends adding a paragraph
the analysis. Meaneahsi @ns tdfer WAXaCM, as WALHENey
that the results might differ between diff e
gener al i nformati on on t he grid resol ut

parameteri zations.

Respowese:hank t he hred wifawe rs ufgagre stthiosn. We agr
descriptid4aVvACGM s hmulS®dti on was too brief. W
par agrnapthhe Steltd i spe@i.f2i ¢ model configurat
including the modeltveabipbpesohotiaonsat at emp «
t he out put usedynlaenm &,s cmwaed ii fgiuewdatvieo n , al
parameteri zations.

The following paragraphvibesTih@esisaddatdli on
nudged toward MERRA pmetdaecreal ougsiicnagl tfhieel @asd
Observing System M&6Jedat derasisomi % af GEQ@S sy s

al ., 2008) . It employs a horizont al resol u
higlrtriecsall ution | evli#4dcoarftigualatmocelwil év
a vertical resolution of approxi mately 0.5
t he s pdeycniafmiecds configuration, winds and tem
are constrained towai dethder mandal ysiunaasf if &le
region (Cen et al ., 2022) . Hourly =zonal an
in the presentWAtCICMalr epmaldyusies. t8@ seasona
amplitudes at high | atandidmisni nma tihn maixn tmar
al ., o02021a) .

Comment5:Ti dal momentum f | ux

The section about the tidal momentum fl ux i
flux describes how the tides would interac
revearewhow this quantity can be used to just
amplitudes and phase, affecting the vertic
However, t his par ameter seems t o be a va
i mporttande @i urnal tidal forcing on the me.
|l arge compared to GW forcing, which would
role as wel/l as gravity waves. This al so

contriobutihenstudy.
RespoWset hank the reviewer for this helopf

interpretation of the tidal momentum f | ux
manuscript, we have expanded this discussi:
tidal z onabuNjmemeunsteudm,a s( a indeiabnpows i in¢ epo & c t i

rather than as direct evidence that backagr
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phase, or ver
wind Doppler
Il n addition,

flux highlights the potentially

budget. We al

tical propagati on
effects in modifyi
we have added a di
SO point out t hat
ma d e

momentum fluxes should be
di fferent components of momentum

Comment6: Fi gur e
Looking at Fi

sagph dpleot s, -l abtel t deesyri bes

Re s poWes ehave
FMA mp | iot @Pdheds e

Al

We -have
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AbstrMmcgl obal climatol ogy of di urnal tide
thermosphere (MLT) is constructed wusing mu
radars dwosrtirdiwiudteed The results show that

strongest dtatliawid@®msdN(®PA with peaki values
neari3@0MW/ S, and are comparatively weak neat
The seasonat wheidtuonasal tide are charact e

equi nmkemsmi mi ma durl ngaddetsohstocebese gl o

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

asymmetry suggressponshaattcd hgoliasrdafbtTogl obal |
further explore the possible cause of this
of zonal ti dal mo ment um. The results sugg
influence tidal iptepagat iedf etchhisouvaghhd fmo me n
contributing to tHdeffobsemves heems$esghkesBLTt S

provide new observational evidence for the
tides in the MLT Irecgadamsnt raandtaf ffeorr utsheef uev ¢
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 atonr eo, f dtehnes i
mesosphere and | ower thermosphere (MLT) roe
vertical upward propagation of at mospheric
momentmuoom t he | ower atmosphere toethe, mi dd

Fobes amnd 1®arr9r;etFor bes, 1995; Hagan and For
Pancheva @&t molsphe2z20k4)tides in the MLT regi
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of the gener al circul;®&miaom, ( BdYg@Rh7 Bred kkeor, b
Grothmdsed and satellite techniques are wide
the MLT region. Both of these techniques h

As tidessaakegbesbiall ations with periods th

satellite observations can captuftldadanh mi
and Forbes, 2002; Manson et al ., 2004; Ober
Mukht arov et lal .20Q@2®;09PamXaheva aetr eanlc.e,s 2009
therein). However, t he | i mihtaateiiansi ncfl | aat
preceosrshiitgs basically take dozens of days t
exampltéedertmoesphere, i onosphere, mesosphere
satellite needs-hé&é0r dmgas uroe nceonvtesr, 2s40 obs el
satellite uswalnloyihccs c¢ a maht e | DIgywdolyfo-lvalr yi ng
scal e midgoati gtgiadhensng( Xu et al ., , 009t hBsgnch
are not well sui ttear movarn inaleisltiitgyatiimgr edioar

| n addi t-ba soeldsoe rsyaamtci@aodrnvsa nt algaes eod tge whumidq u e s,
as met e(oMR)r aadnadr medi um frequency (MF) radart
of MLT whiddéds,t he | asthavewbdenadasxscessfull

i nvesti gattienrgm tvheer isahborliti ty and seasonal, i

<
Q
—

i dthniiodness , a@a st lwailelr m ohrgenagde svari ous geogr
|l ocations (e.g., Manson et al., 1999, 2002,
Vincen19e8; aMi tch&lalincdteval et 2002; 2023 ; VYi

St ober20e2tl1ag!l .Hindl ey et al ., 2022; Wang et
obvious ' i mitation of a single sttatlion IS
oscillation of tide®nandtri@akdangct migrating

To achieve the idadc¢onpoarspiotnieonnt sof att iew st uc
l ongi tudi nal di stribution of MRs and MFs a
anmdonmi gtriadalngcomponents (e.g., Murphy, 200
2018; He and Chak0;20Wa%hg kituaéet ,al20223 . Ho

decades, numerous studies have investigat ¢
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|l imited to a single station or particular |
201 3; Stobeiy20Bh,; adnd 2200 1aElh er @ffhaere ag | tofberl e i

picture of mesospherbased dreas pidhssed ¥ egdt iblyl g

Diurnal tides exhibit variability across a
primarily driven ¢0¥) twar maltihlaint gy misn tropos
tidal forcing (Zhang et al ., 2010; Li eber me
t hrough i nteractions wi t h t he me an flow,

(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 eadydeuwaans i( QB O]
solar cycle. These rfaatcitoor sa nadf fwertt ibcoalh prhoe

by modul ating tropospheric heating and bac
1998i;eber man et al ., 2007; Hindl ey et al .,
2025)

Theurrent global distribution of meteor rad
potltar—regtrons,—provides ftavorable —spati al

ct+i+mat ol ogy—of fmefstoserh emd tcetdhrii dreasdivasrldgyities e d |
a—g+obparl 0 wii deew e x tbeanssei dv esoaignt pobl iiHisrdga—&t+—at mpdleist ud e s

across both hemispheres. Al t hough the net w
and l ongi tude, wi t h seveampphahseersth-baaedde m
obsewvatt+ons—From fi+fteen—meteor—+radars. Our

st+ongtymi df Buehode stations concentrated
charactetheatsiescarodoudtti—on—of—the—vertical st

ampitadgHsagest i cal structures of Il ocally ol

i nvestigate t he amplitude 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

diurnalntaddsti on, using horizont al wi nd
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coupl wegnbet desacdangdne @aime—ftwehvw—eh—moadnudl at es |
di scuss its possialmpd inalde i mp hedswegpHeagygdt hivadaaflt
d+u+natr tctleheeese f i sdmpgse Ppnalhs eeewiad e ncnea |

t hat --foadgalays—a—sirgenliaftiecda nste arsoolneal iwar i ati o
sh-af ihveg-havvei rotri c alofs tdriwatnuarle st i des i n the MLT
2. Data and Met hod

I n this study, hourly hori zoMRM&F wredudeaeda
The | ocations of the stations andFutrhtenierr al
Faformation smhmrhgee otgh é&igih-at£i+—o0-ns¢ o orpdeirma ti eosn,a
oper aftrienqgquenci es, peak power ss—-aHadrieloabbsleer v
summai inz §dMbliTIemelt.eor r adar s aweerdd niunf atchtiusr esdt
either by ATRAD Ltd. (b-Be ndesswiosr t Lht de.t (aHo c k i2
20 0Whiacnta welb yvoasdIimi | ar desramsmainidngi pl es.
The DVMR, BP MR, DWMR, FKMR, KMMR, WHMR, B
TRMR, and m&vVvMRactur ed bypr ATRARB ttednpor al
at++t+v edirmreaskll ut hmhoamnsd @f Kkins p e cTthiev eK TYMR, A SSMR
ALOMR, and miBRMRBct ureesd s:b glLrto®eind e tempor al
atti+vedirresll uthihhand B8fkdnbett ermr espe ctthexed y.

ALOMRata+r—Fitt+ng—useddli nc otmpiosn exntt wdhye wer e

verti+ecal—-craersloleurt i DKi YOME To pneertaetoerd rnaedaar t he /

Observat @0 ¥9P290diu4 i mgand Franke, 2020)-, rat hei

based multistatic CONDOR system deployed i

2022) . For consi st entor iizndo mthaeldaadstatall cah alt ¢ s
eveweyr e an ak ywietdhiart ttirheaprdyeei ftreomv al89-oover t he
100 _rkann dRed et al. (2018) and Zeng et al. (2022)c—=aF+F+—ejdo-1 ot

measurcomantct ed col ddart edameperpiecmsmes—i ng t wo
meteor—+a@dr sDalvo satSetdati on | nStlenditaorncowca a

|l ati tudes, pget goefd wi n

by—meteamnd r pdegpvwiedecetds e—estidmdtaiidredofdiswiesd me
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339

340

meteadar wind performaceetancatmessur ement
Tabl BMlailn operation parameters, geographic
periods for the meteor radars used in thi
Met eor| Geogra Frequy( Peal I ncl y Appr
radars| coor di Pow( dat e Year
rang g
Sout he| Davi s 68. 6AS 33.2 7.5 2005 | 20
Hemi sp| (DVMR)| 77. 9AH k W 2024
( SH) King E| 54.3A | 35.2 7.5 20416 | 5
Point 36.5AW k W 2020
( KEPMR
Buckla|] 34. 6AS 55 MH| 40 201 5
Par k 138.5A k W 20
( BPMR)
Andes 30.3Ag 35.2 . 5 009 ]| 5
Observ| 70. 7AW k W 2013
( ALOMR
Darwin| 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
Kotota| 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 2041 | 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 38MBliz| 20 2014 | 11
( MCMR) | 116. 1A k W 2024
Beijin|] 40. 3AN 38.9 7.5 2012 | 12
(BJMR)| 116. 2A k W 2023
Mo h e 53.5AN 38.9 20 2012 | 13
( MHMR) | 122. 3A k W 2024
TromsR| 69. 6AN 30. 3 7.5 2004 | 20
(TRMR)| 19. 2AEH k W 2023
Svalba| 78.2AN 31 MH| 7.5| 2004 | 20
(SVMR)| 16. 0AEH k W 2023
To extract the tidal components observed
amplitude and phase of tidal component s.
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to the hourly mean zonal and mer ibd/i onal W
w6 wo6 B O60E+0 1 h (1)
wheowe i shwei ma asur,eemenst t he prevaand agdcompon

N represent t he ,anrpdspeucitieicvaamigybmie paes i od s

of 24 h, rkdPrresemdn&lhhe slemi di urnal and terdi
As shown iinn Aphgee n ghiek ltrest ed rmmilndow el gngtth :
(Baqyday andaylldys) . Al t-daow gWwi ndhew 1droduces s
stronger s metoetrhm nvga roifa bsahinddrd-tyn—d—htamatt7-heh & r es
day windows, t he madiirm tsheddaspol ni atlu dveass-a-aaedi opnhsa si

Fa+rmgermyi n  chamositdsetyeoss—these—ampdgwt bBezddhre

window | engt hs. Therewioneéeowthengnh!| usncel a

for t hes cseelass ovmaarli abi l ity emphasteepmh t hdahi

variations artehcehon € es aeshvwgitilndehvaed—m+ni mal ef
ahnatlysis—of—seaBasaeld toindadalhiwaraisesstedsasynse.nt , \
window @dayhtseheeghxtraectad he Qdadmmromi2sé ,bet wee

r e s olan@h—dn d-a d - mmpamn-e—h-e W—s-g-u-alede-|a fuist tnig
methoddMOHOM-bbtitHude i mgnge.abil ity
".‘}, R
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Andes Lidar( AObGMROVY 8tAorSy, 70.7A W), Dar win
130.5A E), Ascension |Island (ASSMR, 7.9A s
100. 3AE), Fuke (FKMR, 19.52NAN61033EF)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), anw®ANyalBAEd ( SVMR,

The DT results are bastehd voanr yriandga rl emmegat shusr eonf e
records. Some radars, such as ALOMR, KMMR,
d a twdwlh e roetahsktrskuec DVMRKR and TRMR, have up to 2
di fferencesainnd oéecer d mbgnmngnlh lcperesteacttieed 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 aAh2wand!| AS

compare DT amplitude0andaplsaseastderyievaeds fc

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

the—twei ndamagaentsmalkel dent | the Tpttntupaeal

structures remauggesdtymgldmdtbh—does not si (
t hreaicnl i mat ol ogéeftaltheéeatpurreessselnt etld-dagm et hi s <

relatively robust.

3. Resul ts

3.Skasonal Variation of Global Diurnal Tides

Fi gRBpreestelsee assahtalt ude 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 meatnteerans. t he DT amplitude durin

shoasrelatively wealkh!|l ¢énthallew mMehatkmat | @eavemli n
up to 10 m/ s, and a strong enhancement at h

up to 20 m/ s. Stober et al. (2021b) report
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southern higher midlatitudes, t he KEPMR zc
show two weak enhancements in March (autun
val ues upThtékdE PMRe miV ¢i. on al DT amplitudes are
t hosfe the zonal component abow@échkmshwowdh an
maxi mum near the spring equienagx, rHe anadH ieryg e
202RDt hetrgMiHiM&R and KEPMRawme®grlaoxhiteeadl | y con
hi ghe-ratmitdud e s {+tdi érebssdei buwr éndeddH-MR——an-d— KEP MR

shetwnso st atal cciseasrhswasonal asymmetry.

The DT amplitudes observed by the BJMR, MC
at northernnen alllay i ¢ uldielsi tgeaTlsesynbliva m ss eas ol
enhancement near the springareqquhéd oxutammdn a
equiNloe aDipl iafudebe zonal components obser:
MC MR, reaching values up to 30 m/s and 45
values of the meridional componentAt reachi:
|l ower midl atituddevsR rzeoanral 3 Gad dN ,metrtied i Wn a l D1
generally equal, reaching values up to 50
At southern mMmiOAISat itthied eDST meamprl i t ude obser ve
two significant enhancements that appear n
hihgr |l atitudes, the BPMR DT amplitude exh
autumn equinox and a second emMHvbavewsement hien

seasonal mioe o Inaddggott o fdrees a pcporng xti gnaseted |y
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KMMR and FKMR exhibit two significant enh:
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(2008) reported that the zonal and mer i d
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amplitudes, which are generally similar to
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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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|632 Figggd@ompari son of Dbackground zonal wi nd (
633 fl ux of tidal zonal mo me n t fuinf bferd egohrt rcaod aurnsn.
|634 Note that vbheeecsoboebHes§f dr &h&lrh ea nbd nagc kp d ni enle
635 depict the solar zenith angle d@abtelf22ekTimadn
636 bl ack dashedspirneg adepi atut umea egwiintexes at
637 sol stices.

638 | n addition to the excitagromndogices)] at he
639 should also be considered. The background
640 propagation proé¢esseoftngidesSethspughi ch ca
641 background zonal mean | oavmexteuwtr i mig tai dag s g
642 — : : t al ., .

643 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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