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What is GNSS ?What is GNSS ?

►► Global Navigation Satellite Global Navigation Satellite 
SystemSystem

►► Ensemble of satellite Ensemble of satellite 
systems intended to systems intended to 
provide “PNT” servicesprovide “PNT” services

PositioningPositioning
NavigationNavigation
TimingTiming

►► Global Positioning System Global Positioning System 
(GPS)(GPS)

►► GLONASSGLONASS
►► GALILEOGALILEO
►► WAAS, EGNOS, MSAS, WAAS, EGNOS, MSAS, 

QZSS, QZSS, BeidouBeidou



What is GNSS  ?What is GNSS  ?
►► Constellations of orbiting atomic clocksConstellations of orbiting atomic clocks
►► Signal emitted is an encoding of clock tick marksSignal emitted is an encoding of clock tick marks
►► Signal stable to ~10 Signal stable to ~10 psps (10 light(10 light--psps=3mm)=3mm)
►► But many things distort signal more than 10 But many things distort signal more than 10 psps

Distance to us: delay ~ 0.01sDistance to us: delay ~ 0.01s
Refraction by eRefraction by e-- in ionosphere:       ~0.1 in ionosphere:       ~0.1 μμss
Refraction in the atmosphere:    delay ~1 Refraction in the atmosphere:    delay ~1 μμss
Weather variability: ~ +/Weather variability: ~ +/-- 0.1 0.1 μμss

►► ““Some peopleSome people’’s noise is other peoples noise is other people’’s signals signal””
Distance to us is fundamental measure for PNTDistance to us is fundamental measure for PNT
Weather is noise of PNT applicationsWeather is noise of PNT applications

►► 5 orders of magnitude left to measure weather5 orders of magnitude left to measure weather



GNSS Radio OccultationGNSS Radio Occultation

►► From a LEO, GNSS From a LEO, GNSS 
satellites appear and satellites appear and 
disappear through the disappear through the 
Earth’s limb    Earth’s limb    
(=occultation, ~500 (=occultation, ~500 
events/receiver/day).events/receiver/day).

►► During each event we get a During each event we get a 
vertical scan of the vertical scan of the 
atmospheric delay (from 0 atmospheric delay (from 0 
at high altitudes to ~300m at high altitudes to ~300m 
at the surface)at the surface)

►► Each scan of delay can be Each scan of delay can be 
inverted to a vertical profile inverted to a vertical profile 
of refraction index.of refraction index.
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The observationThe observation

►► Raw: As the satellite sets at the Raw: As the satellite sets at the 
horizon, follow the evolution of the horizon, follow the evolution of the 
excess delayexcess delay in arrival of the signalin arrival of the signal

►► Signal trajectory in the atmosphere Signal trajectory in the atmosphere 
is bent. But this angle is small and is bent. But this angle is small and 
difficult to measure, but we can difficult to measure, but we can 
measure the measure the speed aberrationspeed aberration

►► Excess DopplerExcess Doppler: Time derivative of : Time derivative of 
the delay, is the speed aberrationthe delay, is the speed aberration

►► Bending angleBending angle: From Doppler: From Doppler
►► Refraction indexRefraction index: From bending + : From bending + 

simple geometrysimple geometry



The GNSS Radio OccultationThe GNSS Radio Occultation
►► LimbLimb--looking observation with vertical scanlooking observation with vertical scan
►► Active technology (from artificial LActive technology (from artificial L--band sources)band sources)
►► Passive receiver satellitesPassive receiver satellites

emitters are preexisting emitters are preexisting radionavigationradionavigation satellites (GNSS, ex. GPS)satellites (GNSS, ex. GPS)
►► Observations are sensitive to refraction index of airObservations are sensitive to refraction index of air

n(Pn(PAirAir, P, PWVWV,T),T)
►► GrossoGrosso modomodo::

In dry air (In dry air (egeg stratosphere, poles): ~measure of temperaturestratosphere, poles): ~measure of temperature
In wet air (In wet air (egeg low troposphere): ~measure of vapor moisturelow troposphere): ~measure of vapor moisture

►► Sensitive to water vapor, but not liquid waterSensitive to water vapor, but not liquid water
►► Horizontal Horizontal representativityrepresentativity ~300km~300km
►► Vertical resolution ~500mVertical resolution ~500m
►► Polar LEO orbits lead toPolar LEO orbits lead to

global coverageglobal coverage
Particularly dense coverage in polar regionsParticularly dense coverage in polar regions

►► AllAll--weatherweather. Signal traverses clouds, rain. Signal traverses clouds, rain



Orbiting Emitters & ReceiversOrbiting Emitters & Receivers
►► Currently ~30 Currently ~30 

emitters (GPS) and 2 emitters (GPS) and 2 
orbiting receivers orbiting receivers 
(CHAMP, SAC(CHAMP, SAC--C): 300 C): 300 
profiles/dayprofiles/day

►► Other emitters Other emitters 
(future missions may (future missions may 
also consider them)also consider them)

GLONASS (~30, but GLONASS (~30, but 
currently only ~10 currently only ~10 
operational)operational)
GALILEO (~30, first GALILEO (~30, first 
emitter just emitter just 
launched, system launched, system 
will be operational will be operational 
in 2008)in 2008)
Others (~10)Others (~10)

►► All current projects All current projects 
are focused on GPS are focused on GPS 
onlyonly

Name Number Launched In oper. Launch 
date

Oper.
commitmnt

GPS/MET 1 yes no 1995 no

OERSTED 1 yes not the
RO rcvr

1999 no

SAC-C 1 yes yes 2000 no

CHAMP 1 yes yes 2000 no

GRACE 2 yes yes 2002 no

COSMIC 6 no ~2006 Demonstr.

METOP 1-3 no ~2006 Fully 
oper.

NPOESS 1 no ~2008 Cancelled

CHINOOK 1 no ~2010 TBD

COSMIC II 6-12 no ~2010 TBD Fully 
oper. 



RO RO vsvs other data sourcesother data sources
►► RO:RO:

Profile of high vertical resolution.Profile of high vertical resolution.
1 measured magnitude.1 measured magnitude.
Global well distributed.Global well distributed.
NonNon--recurrent sampling, but continuous operationrecurrent sampling, but continuous operation
All weather.All weather.

►► RS:RS:
Profile of high vertical resolution.Profile of high vertical resolution.
4 major magnitudes (winds, T, q).4 major magnitudes (winds, T, q).
Distribution very uneven.Distribution very uneven.
Recurrent sampling, but sparse in time (most sites every 12h).Recurrent sampling, but sparse in time (most sites every 12h).
All weather.All weather.

►► Radiometric profilers:Radiometric profilers:
Low vertical resolution.Low vertical resolution.
Can measure T, q, and even liquid waterCan measure T, q, and even liquid water
Global coverage, but may omit large areas (some channels useful Global coverage, but may omit large areas (some channels useful over sea only, others only over sea only, others only 
cloudcloud--free)free)
NonNon--recurrent, but coverage in time is good.recurrent, but coverage in time is good.
Limited by weather.Limited by weather.

►► GPSRO fills gaps from other technologiesGPSRO fills gaps from other technologies..



Distribution of profilesDistribution of profiles

►► Typical distribution for Typical distribution for 
1 day of COSMIC data 1 day of COSMIC data 
(green dots)(green dots)

►► Dense, very uniform Dense, very uniform 
worldwide coverageworldwide coverage

►► Geographically well Geographically well 
distributeddistributed

►► Large density at high Large density at high 
latitudeslatitudes

►► Land & ocean, all Land & ocean, all 
weatherweather Image by COSMIC team

GREEN: Sample 1-day COSMIC soundings
RED: Radiosondes



Why we expect it to beWhy we expect it to be
relevant for NWP…relevant for NWP…

►► Operational NWPOperational NWP: G: Good complement to existing dataood complement to existing data
Good vertical resolutionGood vertical resolution
Uniform worldwide sampling (including poles)Uniform worldwide sampling (including poles)
All weatherAll weather
Greatly improve southern hemisphere dataGreatly improve southern hemisphere data
Particularly near Particularly near tropopausetropopause

►► ClimateClimate: : Technique is based on fundamental physics (speed of light)Technique is based on fundamental physics (speed of light)
Few sources of observation biasFew sources of observation bias
Good option for longGood option for long--term climate studiesterm climate studies

►► The data distribution suggests that we should find improvements The data distribution suggests that we should find improvements forecastingforecasting
The southern hemisphereThe southern hemisphere
The The tropopausetropopause

►► Preliminary tests at UKMO & ECMWF (S. Healy) suggest that this iPreliminary tests at UKMO & ECMWF (S. Healy) suggest that this is the cases the case



The observationThe observation
►► ObsObs--6h Forecast show 6h Forecast show 

seasonal variationsseasonal variations
►► ObsObs varies vertically by ~2 varies vertically by ~2 

orders of magnitude.orders of magnitude.
►► Shown (OShown (O--F)/FF)/F
►► Likely means part of the Likely means part of the 

climate is not yet climate is not yet 
represented by modelrepresented by model

►► In any case bias<0.5%In any case bias<0.5%
►► STD 1STD 1--1.5%1.5%
►► Two systematic biasesTwo systematic biases

Around Around tropopausetropopause
Low troposphereLow troposphere

12 months data: 2004/01-2004/12
UCAR inversion vs GEM (global oper)



Wasn’t it biasWasn’t it bias--free?free?
►► It is quite low, actuallyIt is quite low, actually

Lower than 0.5% of the refractivityLower than 0.5% of the refractivity
Lower than 1/3 of the (OLower than 1/3 of the (O--F) STDF) STD

►► Low Low tropotropo bias is in part sampling biasbias is in part sampling bias
signal is lost in very wet situationssignal is lost in very wet situations
averaged cases tend to be the dryer onesaveraged cases tend to be the dryer ones

►► TropopauseTropopause bias is a modeling problembias is a modeling problem
Model is discrete (~1 km vertical resolution)Model is discrete (~1 km vertical resolution)
TropopauseTropopause finer structure is not modeledfiner structure is not modeled
Temp structure always concave in Temp structure always concave in tropopausetropopause
Systematic Systematic discretizationdiscretization error (bias)error (bias)
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Some commentsSome comments

►► The above OThe above O--F suggests F suggests 
that this kind of data has that this kind of data has 
good properties to perform good properties to perform 
tests and validations.tests and validations.

►► There is much potential, There is much potential, 
but let’s just focus on one but let’s just focus on one 
exampleexample

OO--F showed a correlation F showed a correlation 
with topographywith topography
Zonal averages showed Zonal averages showed 
some bias in the Antarcticasome bias in the Antarctica



TopographyTopography
►►The topography and the Antarctica seemed The topography and the Antarctica seemed 

related…related…
►►Gem topographyGem topography

Relevant variable is not height, but surface Relevant variable is not height, but surface 
geopotentialgeopotential
Geopotential related to local gravity accelerationGeopotential related to local gravity acceleration
Standard:   z=gStandard:   z=g00*h      (J/kg  or  m*h      (J/kg  or  m22/s/s22))
but g is not uniform (latitude & altitude)but g is not uniform (latitude & altitude)

►►A test was made to see the impactA test was made to see the impact
New topographyNew topography
Recalculate surface z with nonRecalculate surface z with non--uniform guniform g



Topography remap: BiasTopography remap: Bias

Standard topography Variable-g topography

Zonal statistics, each frame averaged over 1 month (~5000 occultations/frame)



Topography remap: STDTopography remap: STD

Standard topography Variable-g topography

Zonal statistics, each frame averaged over 1 month (~5000 occultations/frame)



Conclusions of Topography testConclusions of Topography test

►► Worldwide average Worldwide average 
also shows better also shows better 
behavior, specially STDbehavior, specially STD

►► Accounting for variable Accounting for variable 
gravity acceleration gravity acceleration 
substantially improves substantially improves 
OO--F agreementF agreement

►► No assimilation yetNo assimilation yet
►► Validation modeValidation mode

Red: Standard geopotential topography
Blue: Variable-g geopotential topography



Comments on OComments on O--FF

►► OO--F showsF shows
Bias in general < 0.5%Bias in general < 0.5%
STD always < 2%, outside low STD always < 2%, outside low tropotropo ~ 1%~ 1%
|Bias| / STD  <  1/3|Bias| / STD  <  1/3
H H vsvs latitude  STD presents features that suggest latitude  STD presents features that suggest 
tropopausetropopause--related discrepancies (i.e. model related discrepancies (i.e. model tropopausetropopause
would not be accurate)would not be accurate)
►►Probably related to vertical Probably related to vertical discretizationdiscretization: A discontinuity in T : A discontinuity in T 

gradient is difficult to represent discretely.gradient is difficult to represent discretely.

If so, model should improve If so, model should improve tropopausetropopause if GPSRO is if GPSRO is 
assimilated.assimilated.
Observations sensitive to nonObservations sensitive to non--uniform gravityuniform gravity



The RO profilesThe RO profiles
►► Main observable: refractivity Main observable: refractivity N(hN(h).).

Where moisture is very small, N is proportional to density (ex Where moisture is very small, N is proportional to density (ex 
stratosphere)stratosphere)

A~77 N/A~77 N/KK··hPahPa
B~68 N/B~68 N/KK··hPahPa
C~370000 N/KC~370000 N/K22··hPahPa

►► Density + hydrostatic + Density + hydrostatic + EqEq. State. State--> P, T profiles> P, T profiles
These P,T are called “dry” profiles, and are a good approximatioThese P,T are called “dry” profiles, and are a good approximation to n to 
real P,T above the point where a substantial fraction of the real P,T above the point where a substantial fraction of the 
refractivity is from WV (i.e. significantly wrong only in mediumrefractivity is from WV (i.e. significantly wrong only in medium & & 
low low tropotropo, sp tropics), sp tropics)

►► N    N    →→ ρρDryDry →→ PPDryDry →→ TTDryDry

►► In the In the tropopausetropopause & above & above TTDryDry is a good approx to Tis a good approx to T

2T
PC

T
PB

T
PAN WW ++=



Profiles IProfiles I



Profiles IIProfiles II
►► The dry temperatures show The dry temperatures show 

the structure of the the structure of the 
tropopausetropopause

►► The mid & low troposphere The mid & low troposphere 
shows that dry T do not shows that dry T do not 
represent well the real T represent well the real T 
therethere

►► Having Having T(hT(h) with a ) with a 
resolution ~500m we can resolution ~500m we can 
apply any algorithm that apply any algorithm that 
describes the describes the tropopausetropopause

LRT  (Lapse Rate Trop.)LRT  (Lapse Rate Trop.)
CPT  (Cold Point Trop.)CPT  (Cold Point Trop.)
ULR  (Upper Lapse Rate ULR  (Upper Lapse Rate 
boundary)boundary)



Some commentsSome comments

►►RO provides info from surface to ~40kmRO provides info from surface to ~40km

►►We have info on mid & low We have info on mid & low tropotropo, but , but 
resolving into T, q is complex thereresolving into T, q is complex there

►►Around Around tropopausetropopause & above RO is an & above RO is an 
accurate direct measure of T      (~0.5 K)accurate direct measure of T      (~0.5 K)



Is it the Is it the tropopausetropopause??

►► H H vsvs lat STD showed a lat STD showed a 
feature resembling the feature resembling the 
mean mean tropopausetropopause..

►► We have GPS profiles. We have GPS profiles. 
We can apply several We can apply several 
algorithms to find the algorithms to find the 
T/P, mimicking several T/P, mimicking several 
definitions of T/P.definitions of T/P.

LRTLRT
CPTCPT
etcetc

LRT-finding algorithm



Examples IExamples I

►► M Point: Largest area M Point: Largest area 
triangle in the triangle in the T(hT(h) profile) profile

►► ~ Lapse Rate T/P~ Lapse Rate T/P
►► DichotomicDichotomic behavior behavior 

(equatorial (equatorial vsvs elsewhere)elsewhere)
►► Annual frequencies evidentAnnual frequencies evident
►► NN--S annual movement of S annual movement of 

equatorial bandequatorial band
►► Some frequencies that we Some frequencies that we 

may naively believe may naively believe 
semiannual are annualsemiannual are annual

See equatorial bandSee equatorial band

LRT-finding algorithm



Examples IIExamples II

►► Y Point: Largest triangle Y Point: Largest triangle 
above M pointabove M point

►► ~ Top of T/P transition~ Top of T/P transition
►► Again Again dichothomicdichothomic
►► Annual & semiannual Annual & semiannual 

frequenciesfrequencies
►► Again equatorial band Again equatorial band 

behaves annuallybehaves annually

ULR-finding algorithm



Examples IIIExamples III

►► YY--M Distance (~depth M Distance (~depth 
of T/P)of T/P)

►► Obviously Obviously dichotomicdichotomic
►► Thin T/P that is only Thin T/P that is only 

strongly defined in strongly defined in 
midlatmidlat & polar summers & polar summers 
(1(1--2 km)2 km)

►► Equatorial T/P ~ 3 km Equatorial T/P ~ 3 km 
smoothly transitions to smoothly transitions to 
thick thick extratropicalextratropical T/PT/P



Examples IVExamples IV
►► Slopes (Dry T gradient)Slopes (Dry T gradient)

Below the LRTBelow the LRT
Low T/PLow T/P
Upper T/PUpper T/P
Above the upper Above the upper 
boundaryboundary

►► Lower and upper T/P Lower and upper T/P 
seem to differseem to differ

►► See annual See annual vsvs
semiannual above T/P semiannual above T/P 
in equatorial bandin equatorial band

►► Empty bands near 0 Empty bands near 0 
gradient are artificial gradient are artificial 
(system unable to lock (system unable to lock 
an an i/fi/f when there is when there is 
little gradient)little gradient)



Long termLong term

►► Video by latitude band Video by latitude band 
on a multiyear serieson a multiyear series

►► Lack of N/S symmetry Lack of N/S symmetry 
(related to annual (related to annual vsvs
semiannual issue)semiannual issue)

►► Little evidence without Little evidence without 
numeric mining of QBOnumeric mining of QBO



ConclusionsConclusions

►► RO provides an excellent direct measure of T/P RO provides an excellent direct measure of T/P 
profiles of Tprofiles of T

►► Large quantities of data now available (essentially Large quantities of data now available (essentially 
continuous since 2001)continuous since 2001)

►► Systematic algorithm definitions of CPT, LRT, etc Systematic algorithm definitions of CPT, LRT, etc 
have been tested.have been tested.

►►More refined algorithms are of course possible.More refined algorithms are of course possible.
►► Input welcome.Input welcome.

►► Some interesting issues identifiedSome interesting issues identified
Annual Annual vsvs semiannual frequenciessemiannual frequencies
DichotomicDichotomic behavior of T/P (equatorial behavior of T/P (equatorial vsvs elsewhere)elsewhere)

►► Figures intended only to show the potentialFigures intended only to show the potential



AssimilationAssimilation

►► Former viewgraphs oriented to show the potential Former viewgraphs oriented to show the potential 
to learn about the atmosphere and as verification to learn about the atmosphere and as verification 
tooltool

►► Are these data useful to NWP?Are these data useful to NWP?
►► Performed 2 experimental cycles comparingPerformed 2 experimental cycles comparing

Standard 3DVarStandard 3DVar
Standard 3DVar + Radio OccultationStandard 3DVar + Radio Occultation

►► Cycles:Cycles:
1 Jan 2004 1 Jan 2004 –– 15 Feb 200415 Feb 2004
1 Jun 2004 1 Jun 2004 –– 15 Jul 200415 Jul 2004



Comments on the AssimilationComments on the Assimilation
►► 2 satellites in operation (CHAMP & SAC2 satellites in operation (CHAMP & SAC--C)C)

CHAMPCHAMP--only in this experimentonly in this experiment
SACSAC--C data still to be reprocessed with latest generation softwareC data still to be reprocessed with latest generation software
NonNon--NRTNRT
SettingSetting--onlyonly occultationsoccultations
GPSGPS--onlyonly occultationsoccultations
Low troposphere often lostLow troposphere often lost

►► COSMIC to be launched early April 2006.COSMIC to be launched early April 2006.
6 satellites6 satellites
NRTNRT
Rising & SettingRising & Setting occultationsoccultations
12 times more occultations (6x2) expected later this year12 times more occultations (6x2) expected later this year
COSMIC receivers improved COSMIC receivers improved wrtwrt CHAMP & SACCHAMP & SAC--CC
Profiles to reach low troposphere more oftenProfiles to reach low troposphere more often
Expected impact ~ proportionally largerExpected impact ~ proportionally larger



What we can assimilateWhat we can assimilate

►► Bending angle Bending angle vsvs heightheight: Less processed, but : Less processed, but 
difficult to model. GEM has a low lid (10 difficult to model. GEM has a low lid (10 hPahPa). ). 
Atmosphere above also has weight.Atmosphere above also has weight.

►► Refraction index Refraction index vsvs heightheight: More processed but : More processed but 
very practical. No problem with lid. Useful data very practical. No problem with lid. Useful data 
from the surface to GEM lid.from the surface to GEM lid.

►► Temperature Temperature vsvs height or height or vsvs pressurepressure: Refraction : Refraction 
index is an accurate measure of T & P only above index is an accurate measure of T & P only above 
all water vapor (say, all water vapor (say, tropopausetropopause & above)& above)

►► We choose We choose Refraction index Refraction index vsvs heightheight



Evolution of OEvolution of O--F(6h) over the F(6h) over the 
experiment (Janexperiment (Jan--Feb 2004)Feb 2004)

0-5km Height 5-10km Height



Evolution of OEvolution of O--F(6h) over the F(6h) over the 
experiment (Janexperiment (Jan--Feb 2004)Feb 2004)

10-15km Height 15-20km Height



Evolution of OEvolution of O--F(6h) over the F(6h) over the 
experiment (Janexperiment (Jan--Feb 2004)Feb 2004)

20-25km Height 25-30km Height



Evolution of OEvolution of O--F(6h) over the F(6h) over the 
experiment (Junexperiment (Jun--Jul 2004)Jul 2004)

0-5km Height 5-10km Height



Evolution of OEvolution of O--F(6h) over the F(6h) over the 
experiment (Junexperiment (Jun--Jul 2004)Jul 2004)

10-15km Height 15-20km Height



Evolution of OEvolution of O--F(6h) over the F(6h) over the 
experiment (Junexperiment (Jun--Jul 2004)Jul 2004)

20-25km Height 25-30km Height



Comments on the evolutionComments on the evolution

►►Positive impactPositive impact
STD reduced nearly systematicallySTD reduced nearly systematically
Bias reduced in generalBias reduced in general
In the winter exp, bias reduces to ~0 in the In the winter exp, bias reduces to ~0 in the 
upper layersupper layers
RO only data effective in driving upper layers?RO only data effective in driving upper layers?

►►Larger impact at higher layersLarger impact at higher layers
►►Transient period ~ 1 weekTransient period ~ 1 week

Later grand averages will ignore first 2 weeksLater grand averages will ignore first 2 weeks



Evaluation I: ROEvaluation I: RO

CYCLE: 2004/01/01-2004/02/15
AVG: 2004/01/15-2004/02/15

CYCLE: 2004/06/01-2004/07/15
AVG: 2004/06/15-2004/07/15



Comments to the Global RO Comments to the Global RO 
evaluationevaluation

►► The winter exp shows a large improvement in all The winter exp shows a large improvement in all 
southern stratosphere ~25southern stratosphere ~25--30%30%

►► A small improvement everywhere (~5%)A small improvement everywhere (~5%)
►► No major area with negative effectsNo major area with negative effects

►► Summer exp shows major improvements in only Summer exp shows major improvements in only 
scattered areas (southern pole, equatorial scattered areas (southern pole, equatorial 
stratosphere)stratosphere)

►► Small improvement everywhere (~5%)Small improvement everywhere (~5%)
►► No major are with negative effectsNo major are with negative effects



Evaluation RSEvaluation RS

►► A positive impact is A positive impact is 
observedobserved

►► However, it is smaller than However, it is smaller than 
for ROfor RO

►► Distribution of RS is very Distribution of RS is very 
unevenuneven

Large concentration of Large concentration of obsobs
where there is little where there is little 
improvementimprovement
Few RS where improvement Few RS where improvement 
is largeris larger

►► Normal behavior for a Normal behavior for a 
source of data that is filling source of data that is filling 
gapsgaps

►► 0.50.5--1% reduction in STD 1% reduction in STD 
of the 6h forecast of Tof the 6h forecast of T



Evaluation TOVSEvaluation TOVS

►►TOVS observations have better geographical TOVS observations have better geographical 
distribution than RSdistribution than RS

►►Better chances to observe impactBetter chances to observe impact
►►RO Evaluation suggested looking at the RO Evaluation suggested looking at the 

stratosphere, specially southern hemispherestratosphere, specially southern hemisphere
►►Weight of channels 9 & 10 peak at the Weight of channels 9 & 10 peak at the 

stratospherestratosphere



Evaluation TOVS JanEvaluation TOVS Jan--Feb 2004Feb 2004



Evaluation TOVS JunEvaluation TOVS Jun--Jul 2004Jul 2004



Evaluation TOVSEvaluation TOVS

►►Results for hemisphere in summer betterResults for hemisphere in summer better
►►Specially good in southern summerSpecially good in southern summer
►►Take with cautionTake with caution

Amount of data in NH < than SHAmount of data in NH < than SH
Data is geographically selected. Specially Data is geographically selected. Specially 
important in NHimportant in NH



Evaluation conclusionsEvaluation conclusions
►► Most results are positiveMost results are positive
►► RO shows significant positive resultsRO shows significant positive results

RO is global and uniformRO is global and uniform

►► RS shows positive resultsRS shows positive results
Only slight improvementOnly slight improvement
RS are dense where little improvement is expectedRS are dense where little improvement is expected

►► TOVS shows mixed resultsTOVS shows mixed results
Good in summer weather, bad in winter weatherGood in summer weather, bad in winter weather
The substantial improvement in southern summer can The substantial improvement in southern summer can 
be clearly traced with TOVS (Ch 9 & 10)be clearly traced with TOVS (Ch 9 & 10)



To finishTo finish

►►Ability to assimilate RO data reachedAbility to assimilate RO data reached
►►COSMIC mission to be launched Apr/2006COSMIC mission to be launched Apr/2006
►►As a global, continuous, uniform and As a global, continuous, uniform and 

vertically well resolved source, RO data vertically well resolved source, RO data 
useful for useful for assimilation and verificationassimilation and verification

►►Many assimilation stats are positiveMany assimilation stats are positive
►►Some issues still to be clarified (upper TOVS Some issues still to be clarified (upper TOVS 

channels in winter weather)channels in winter weather)
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