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Introduction
Å Global NavigationSatelliteSystem(GNSS)RadioOccultation(RO) providessoundingmeasurementsof the atmospherewith

high verticalresolutionandaccuracy,makingit particularlyusefulfor understandingclimatechanges,monitoringenvironmental

conditions,and enhancingweatherforecastingcapabilities. However,one of the challengesfor optimally using RO data for

numericalweatherpredictionthroughdataassimilationis to accuratelyestimateRO observationerrors,especiallyin the lower

troposphere. It is well known that the lower troposphericwater vapor irregularitiesintroducelarge uncertaintiesin retrieved

bendingangleprofiles. In addition,the moisturevariation in the lower troposphereandstrongvertical densitygradienton the

sharptop of the atmosphericboundarylayer can result in a considerablebendingangleuncertaintyowing to multiple paths.

When multipath occurs, the wave-optics convertedRO bending angle spectrumcontains multiple spectral components,

increasingtheoverallwidth of thespectrumor thelocalspectralwidth (LSW).

Å Thisstudycharacterizedtheuncertaintyof GNSSRO BA profilesfrom COSMIC-2, Spire,andPlanetiQin thelower troposphere

usingtheCenterfor SatelliteApplicationsandResearch(STAR) -derivedlocalspectralwidth (LSW).

Å TheNationalOceanicandAtmosphericAdministration(NOAA) STAR Full SpectrumInversion(FSI) packageis usedto derive

andcalculatetherelativedynamicbendingangleobservationerror(DBAOE) for eachmission.

Å TheoverallDBAOE resultsoverlandandoceanbetweenthreemissionsarereportedandtheir trendsalsoareevaluated.

Å The spatialdistribution of the DBAOE is calculatedover 5° longitude× 5° latitude grids at selectedaltitudesto identify the

regionsof maximumandminimumDBAE globallyandtracethemto theregionalclimatologicalmeanstates.

Å TheDBAOEsaccordingto differentsignalnoiseratios(SNR)arecomparedto examinetheimpactsof SNRonDBAOE.

Å TheDBAOEsaccordingto differentlatituderegionsarecomparedto examinetheimpactsof spatialdistributiononDBAOE.

Å The DBAOEs accordingto bendingangle bias are evaluatedto examinethe impactsof DBAOE on BA bias in terms of

background.

Å Reasonfor thesmallerDBAOE of Spirearealsoevaluated.

STAR Local Spectral Width (LSW) Method

Characterizing the Uncertainty of GNSS RO Bending Angles in the Lower Troposphere with the Local 
Spectral Width Analysis

Distribution of RO DBAOE

(a) Spectrogram of the RO signal, spectral power of the sliding spectrogram at (b) 3 km and (c) 7.5 km impact height

The raw bending angle profile is derived at high vertical resolution using the Full Spectrum Inversion (FSI) method:

DBAOE comparison and its trending

ÅFor DBAOE overall comparison:

ÅSpire shows consistent lower DBAOE profiles in the 45S-45N region for ocean and land, and 

ocean.

Å In the land region, on the other hand, Spire shows consistent DBAOE relative to COSMIC-2 

and PlanetiQ.

ÅOn the other hand, relative to land, ocean areas have greater DBAOE due to their greater 

moisture content.

ÅFor DBAOE trends comparison:

ÅCOSMIC-2 and PlanetiQshow upward 

trends in lower altitudes (2.4km, 3km, 

and 4km impact height), while being 

relatively flat at higher altitudes. 

ÅThedistributionof DBAOE for threemissionsaresimilar:

ÅMost of the high DBAOE (>15%) occurredover the tropical

andnorthsubtropicoceans,indicatingthatRO in thoseregions

hadhighuncertainties.

ÅA majority of the low DBAOEs occurredover the continents

andsouthsubtropicoceans,wheremoisturewasrelativelylow,

suggestingthatRO in thoseregionshadlow uncertainties.

ÅFor Spire and PlanetiQ, 45S to 90S and 45N to 90N regionsare

almostcompletelycoveredin low DBAOE (<7.5%).

Latitude dependency

ÅAll threemissionsshowgreaterDBAOE in thetropicalandnorthernsubtropicaloceanregionswith higherhumidity.

ÅIn contrast,in thesub-borealandborealregions,SpireandPlanetiQshowvery low uncertainties.

SNR dependency

COSMIC-2 45N-45S COSMIC-2 45N-45S
PlanetiQ 45N-45S PlanetiQ 45N-45S

PlanetiQ Global PlanetiQ Global

ÅSNR definition in this work : NOAA STAR
FSI processes excess phase data by
truncatingit usingtheSNRof thetime series
to optimize the excessphasedata. In this
study, the DBAOE at different SNR was
analyzed by using the truncated surface
SNR instead of the conventional SNR at
80km altitude.

ÅThethreemissionSNRshavesimilarpattern,andthehigherSNRconcentratedin tropicalregion.

ÅThephenomenonof higherSNRhaslower DBAOE occursfor all threemissionwith or without latitudelimitation. Onepossiblereasonfor

this featureis that below 5 km, the effect of non-sphericallysymmetricirregularitiesdramaticallyincreasesdueto the largerwatervapor

horizontalgradientin theatmosphere,andthenthelargerSNRcouldmoreeasilydetecttheseirregularities.

Mean BA bias as a function of LSW within 0-2km, 2-4 km

ÅMean differences in BA are calculated within each consecutive 1% DBAOE bin for all RO-
background collocated data within the specified altitude ranges. 
ÅFor all three missions, BA differences are negative for all ranges of DBAOE and their magnitudes 
increase rapidly with increasing DBAOE in 0-2 km height layer. 
ÅWhen DBAOE is less than 10%, the differences are relatively small
ÅIn the 0-2 km layer:
ÅFor COSMIC-2 and PlanetiQ, when DBAOE is greater than 10%, the differences increase 
quickly. 
ÅBut for Spire, BA bias decreases when DBAOE greater than 25%.

ÅIn the 2-4 km layer:
ÅFor COSMIC-2 and PlanetiQ, BA bias is independent of DEAOE
ÅFor Spire, BA bias increases slightly with DBAOE.

ÅBA STD is positively correlated with DBAOE

Discussion: the sampling rate impact on DBAOE
ÅOne possible reason for the DBAOE difference between RO missions is the different sampling rates.

ÅTo compare the observation noise from these two instruments consistently, here the integration time 
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).

ÅSampling rate normalization: 

Mission Sampling rate Normalizing factor ( �B�æ�å)

COSMIC-2 100 Hz 1

PlanetiQ 100 Hz 1

Spire 50 Hz Sqrt(2)
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ÅAfter the factor been applied:
ÅThe three RO missions show consistent DBAOE profiles in the 45S-45N region as well as in 

their oceanic regions. 
ÅAll three RO missions show consistent DBAOE profiles  in different latitude regions, except 

that Spire shows relatively large DBAOE in south subtropic region.

ÅThe LSW as the mean of the spectral power 
(�L�Ü) weighted by the shifted frequency (�Ù) is 
calculated: 

Summary

ÅHigh DBAOE occurs in tropical and northern subtropical marine areas where humidity is higher.  

ÅThe distribution of DBAOE in the 45S to 45N regions is approximate for the COSMIC-2 and 
PlanetiQ. Spire shows lower DBAOE. All three missions exhibit a greater DBAOE in the ocean 
relative to the land. 

ÅAll three missions show greater DBAOE in the tropical and northern subtropical ocean regions 
with higher humidity.

ÅThe three mission SNRs have similar pattern, and the higher SNR concentrated in tropical region; 
The phenomenon of higher SNR has lower DBAOE occurs for all three mission with or without 
latitude limitation.

ÅFor all three missions, BA differences are negative for all ranges of DBAOE and their magnitudes 
increase rapidly with increasing DBAOE in 0-2 km height layer. 

ÅOne possible reason for the lower DBAOE of Spire is the lower sampling rate of Spire. 

DBAOE comparison after the sampling rate factor applied
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