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A Global Navigation Satellite System(GNSS)Radio Occultation(RO) providessoundingmeasurementsf the atmospheravith _ . %'. "?

high verticalresolutionandaccuracymakingit particularlyusefulfor understandinglimatechangesmonitoringenvironmental I3 % 12;* *if‘ =

conditions,and enhancingweatherforecastingcapabilities However, one of the challengedor optimally using RO datafor = ‘Mf ”{;&;‘, 20

numericalweatherpredictionthroughdataassimilationis to accuratelyestimateRO observatiorerrors,especiallyin the lower S ,ngi 5

tropospherelt is well known that the lower troposphericwater vapor irregularitiesintroducelarge uncertaintiesn retrieved . g RN EER Y T e _

bendingangleprofiles In addition,the moisturevariationin the lower troposphereand strongvertical densitygradienton the ' s | | i -50 g

sharptop of the atmospheridooundarylayer can resultin a considerablébendingangle uncertaintyowing to multiple paths B e ‘ FEr iy e P S : . _ : o .

When multipath occurs, the waveoptics converted RO bending angle spectrum contains multiple spectral components, eo oo - X - o - i Gt A ki SRR o s @gggggﬁ%i@ﬁgig&%@g{g v?/Eiitlﬁilljwl?tgeedsvgleﬂc]il;i]eedagnitﬁ?jgsre;nuégg 1% DBAOE bin forall RO

increasinghe overallwidth of the spectrunor thelocal spectrawidth (LSW). Longitude(°) e ) t” o > 100 190 Aorall three missionsBA differences are negative for all rangeD&AOE and their magnitudes
A This studycharacterizethe uncertaintyof GNSSRO BA profilesfrom COSMIG-2, Spire,andPlanetiQin thelower troposphere ' ongitude(") increase rapidly with increasing DBAOE ir2Ckm height layer.

usingthe Centerfor SatelliteApplicationsandResearcl{STAR) -derivediocal spectralwidth (LSW). - o o ﬁN rt‘ﬁ” (?ZB?OIIE Is less than 10%, the differences are relatively small
A The NationalOceanicand AtmosphericAdministration(NOAA) STAR Full Spectruminversion(FSI) packages usedto derive A Thedistributionof DBAOE for threemissionsaresimilar. 4 Agor Corgl\?lygg NP lEneiQhen DEACE S g eater thart loantheldiferences ntiease

andcalculatethe relativedynamicbendingangleobservatiorerror(DBAOE) for eachmission A Most of the high DBAOE (>15%) occurredover the tropical uickly. !
A Theoverall DBAOE resultsoverland andocearbetweerthreemissionsarereportedandtheir trendsalsoareevaluated andnorth subtropicoceansindicatingthat RO in thoseregions At ué Affoli S||3ire, BA bias decreases when DBAOE greater than 25%.
A The spatialdistribution of the DBAOE is calculatedover 5° longitude x 5° latitude grids at selectedaltitudesto identify the hadhighuncertainties ntne 24 km layer: . o

regionsof maximumandminimum DBAE globally andtracethemto theregionalclimatologicalmeanstates A A majority of the low DBAOESs occurredover the continents %g ggrSeMéizb?ggﬂgpe‘iatls%sBQilgjlrﬁlsyI\?viltnhdg%?ggm ol [PIEARIE
A TheDBAOEsaccordingo differentsignalnoiseratios(SNR)arecomparedo examinetheimpactsof SNR on DBAOE. andsouthsubtropicoceansywheremoisturewasrelatively low, MBA STD is positively correlated with DEAOE '
A TheDBAOEsaccordingo differentlatituderegionsarecomparedo examinetheimpactsof spatialdistributionon DBAOE. suggestinghatRO in thoseregionshadlow uncertainties _ _ _ _
A The DBAOEs accordingto bendingangle bias are evaluatedto examinethe impactsof DBAOE on BA bias in terms of A FIOF Spire anld Pllane“Q 4§5|t0 90S and 45N to 90N regionsare Discussion: the sampling rate impact on DBAOE

almostcompletelycoveredn low DBAOE (<7.5%). : : .. : : .
A llgzae(;l;%rrcf)grnt?]esmallerDBAOE e L e M P 4 ( 2 A One possible reason for the DBAOE difference between RO missions is the different sampling rate:s
A To compare the observation noise from these two instruments consistently, here the integration time
Latitude dependency IS accounted for, as longer integration times result in less noise. The noise reduction follows the
: square root rule: doubling the integration time reduces noise by a factor of sqrt(2).
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The raw bending angle profile is derived at high vertical resolution using the Full Spectrum Inversion (FSI) method: COSMIG2 100 Hz 1
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s I 5 DBAOE comparison after the sampling rate factor applied
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A In contrastjn the subborealandborealregions,SpireandPlanetiQshowvery low uncertainties

(a) Spectrogram of the RO signal, spectral power of the sliding spectrogram at (b) 3 km and (c) 7.5 km impact height
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€ . E A The three RO missions show consistent DBAOE profiles in the4&BSregion as well as in
o z - ean at ki . ™D at ki their oceanic regions.
3 ° Jrup A A I g A e AN A All three RO missions show consistent DBAOE profiles in different latitude regions, except
3 B B0 o™ | | that Spire shows relatively large DBAOE in south subtropic region.
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0 5 0 15 20 ° ° ST 20 P SRR - /| it st A High DBAOE occurs in tropical and northern subtropical marine areas where humidity is higher.
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2 Mean at 6 km BT g e A The distribution of DBAOE in the 45S to 45N regions is approximate for the COSNIGI
Land, 45S-45N (9/1/2022 to 11/30/2022 . BWW 8 o [PV IR A AL P it ey ) ) S oy .
. Lan ( 0 ) R For DBAOE trends comparison: i Pllartl_enC% Stﬁ)wlrel sh(cj)ws lower DBAOE. All three missions exhibit a greater DBAOE in the ocean
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. e A COSMIG2 andPlanetiQshow upward 8™ e Bte won won et o et o relative to the fan
= Spire ' ' . Mean at 8 _ 7D at 8k o A All three missions show gr r DBAOE in the tropical and northern ropical n region
E | trends in !ower altltl_Jdes (2.4km, Cf>km, P A SNR definition in this work: NOAA STAR _tkt] h_eeh ?180 gf ow greate O the tropical and northern subtropical ocean regions
£ and 4km impact height), while being ~ =* o s AL e FSI processes excess phase data by with higher humidity.
2 ol relatively flat at higher altitudes. -7 it Lol ASRRIR £ TS SR SR LN %B“%%?{[mi%'é L{ﬁlen%E(hceegls\lpl:\r’]ggéhdeattlgn?:etmess A The three mission SNRs have similar pattern, and the higher SNR concentrated in tropical region;
g Al study, the DBAOE at different SNR was Th_e phe_no_me_non of higher SNR has lower DBAOE occurs for all three mission with or without
= A %?\Ial z_edtbydus_l.:mt the trunctatedl gKIrI];aC? latitude limitation.
_ For DBAOE overall comparison: INstead of the conventiona a . : : : :
’ P 80km altitude A For all three missions, BA differences are negative for all range@BADE and their magnitudes

A Spire shows consistent lower DBAOE profiles in the-458I region for ocean and land, and
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DBAOE (%) ocean increase rapidly with increasing DBAOE ir2Gkm height layer.
A In the land region, on the other hand, Spire shows consistent DBAOE relative to CQSMIC A ThethreemissionSNRshavesimilar pattern andthehigherSNR concentratech tropicalregion - _ A One possible reason for the lower DBAOE of Spire is the lower sampling rate of Spire.
andPlanetiQ A The phenomenomf higher SNR haslower DBAOE occursfor all threemissionwith or without latitude limitation. Onepossiblereasorfor

this featureis that below 5 km, the effect of nonsphericallysymmetricirregularitiesdramaticallyincreasesiueto the larger watervapor

A On the other hand, relative to land, ocean areas have greater DBAOE due to their greater _ el ) _ 7
horizontalgradientin theatmosphereandthenthelargerSNR could moreeasilydetectthesearregularities

moisture content.




