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The datapreprocessingandquality control modulesfor bendinganglemeasurementsof global positioningsystemradio occultation(GPS-RO) havebeenimplementedandexamined. GPS-RO

dataprocessingsystemis composedof severalstepsfor checkingobservationlocations,missingvalues,physicalvaluesfor Earthradiusof curvature,andgeoidundulation. An observation-minus-

backgroundcheckis implementedby useof aone-dimensionalobservationalbendingangleoperatorandtangentpointdrift is alsoconsideredin thequalitycontrolprocess.

We havetestedGPS-RO observationsutilized by the KoreanMeteorologicalAdministration(KMA), basedon both the KMA global modelandthe NationalCenterfor AtmosphericResearch

(NCAR) CommunityAtmosphereModel-SpectralElement(CAM-SE) asa modelbackground. Backgroundfields from the CAM-SE modelareincorporatedfor the preparationof assimilation

experimentswith LETKF dataassimilationsystem,which hasbeensuccessfullyimplementedto a cubed-spheremodelwith fully unstructuredquadrilateralmeshes. As a resultof dataprocessing,

thebendingangledeparturestatisticsbetweenobservationand backgroundshowssignificantimprovement. Also, thefirst experimentin assimilatingGPS-RO bendinganglewithin LETKF data

assimilationsystemshowsencouragingresults.

[ Flow chart ofdata preprocessing system ]

(a)

DATA PROCESSING SYSTEM

- Applying 1d forward model for

bendinganglefrom ROPPpackage

- Calculate a vertical profile of

bending angle from profiles of

temperature,humidityandpressure.

Where, Ŭ: bendingangle

a: impactparameter

n: refractivity

Å1D forward model of bending angle ÅBackground Check

Assign of observation error 

(adopted from ECMWF)

- Between surface and 10km: 

fractional error falls with 

height(20 % ~ 1 %)

- Above 10km : 1 %

ABS (yobsïycalc) > 5*Osigma

[ Six-hour coverageof the GPS radio occultation

eventson November7, 2012. The total numberof

profilesis 591]

GPS-RO DATA

DATA PROCESSING DATA ASSIMILATION 

- (a) and (b): Global meanbendingangle innovation and numberof observationsas a function of

impactparameterbeforeandafterqualitycontrol,respectively.

- (c): Differenceof departurestatisticsbetween(a) and(b) (aminusb).

- (d) and (e): Zonal meanand standarddeviationof bendingangle innovationfor all satellitesafter

qualitycontrol.

- Statisticsarecalculatedbasedon eachsatellitedataanddisplayedwith differentcolors.

ÅDeparture statistics between the observation and background calculations of bending 
angles for the month of November 2012

1) Used model background: KMA(UM) forecast

- horizontal resolution:25km, 70 vertical layers, model top: ~ 80km

2) Used model background: CAM-SE forecast (30 ensemble)

- horizontal resolution: ne16np4(~2.5 degree), 30 vertical layers, model top: ~ 41 km

[ Zonalmeanof ensemblespreadin

thebendingangleobservationspace

(unit: radians),at the initial time of

assimilation]

Å4D-LETKF Data assimilation system 

- 6-hr assimilation window, 

- 9-hr forecast and every hour I/O

- Adaptive multiplicative inflation (Miyoshi, 2011)

Å Improvement of analysisÅAnalysis increments 

(b) (c)

(d) (e)

[ Differenceof horizontalanalysisincrementof U (left,

unit: m/s) and (right, unit: K) betweenCTRL_SONDE

and EXP_RO at the level of 100 hPa for a 2-week

analysisfrom November15, 2011]

(a) (b) (c)

(d) (e)

[ Differenceof zonally averagedanalysisincrementsof

U (left, unit: m/s) and T (right, unit: K) between

CTRL_SONDE and EXP_RO for a 2-week analysis

from November15, 2011]

[ Improvement of EXP_RO analysis from

CTRL_SONDE,towardERA interim,computedby the

equation 
$� �™�•�”�Š�‹
�‡ 
F �q�~�m
F 
$� �˜�•�‡ 
F �q�~�m for U (left,

unit: m/s)andT (right, unit: K) at thelevel of 100hPa]

* Positivevaluesindicateanalysisof EXP_ROcloser

to ERA interim data than CTRL_SONDE and vice

versa

[ Vertical cross section of zonally averaged

improvement of EXP_RO analysis from

CTRL_SONDE, toward ERA interim, computedby

the equation 
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(left, unit: m/s)andT (right, unit: K) ]
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