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Remote sensingRemote sensingRemote sensingRemote sensingRemote sensingRemote sensingRemote sensingRemote sensing data usage in NWP data usage in NWP data usage in NWP data usage in NWP data usage in NWP data usage in NWP data usage in NWP data usage in NWP 

Initiale conditionsInitiale conditionsInitiale conditionsInitiale conditionsInitiale conditionsInitiale conditionsInitiale conditionsInitiale conditions: compromise: compromise between availablebetween available observationsobservations andand an an aprioriapriori
information information 

Radiosondes

ObservationsObservationsObservationsObservationsObservationsObservationsObservationsObservations: of different nature, type, unevenly distributed in space and t: of different nature, type, unevenly distributed in space and timeime

ConventionalConventional (in situ or airborne), (in situ or airborne), SatellitesSatellites

ForecastForecastForecastForecastForecastForecastForecastForecast modelsmodelsmodelsmodelsmodelsmodelsmodelsmodels: : propagatepropagate in timein time geophysical parametersgeophysical parameters (T/Q/U/V/Ps)(T/Q/U/V/Ps) accordingaccording
toto the lawsthe laws ofof dynamicsdynamics ofof the atmopherethe atmophere
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AMSUAMSUAMSUAMSUAMSUAMSUAMSUAMSU--------A et AMSUA et AMSUA et AMSUA et AMSUA et AMSUA et AMSUA et AMSUA et AMSU--------B: indirect measurements of humidity and temperature at differenB: indirect measurements of humidity and temperature at differenB: indirect measurements of humidity and temperature at differenB: indirect measurements of humidity and temperature at differenB: indirect measurements of humidity and temperature at differenB: indirect measurements of humidity and temperature at differenB: indirect measurements of humidity and temperature at differenB: indirect measurements of humidity and temperature at different t t t t t t t 
levels of the atmospherelevels of the atmospherelevels of the atmospherelevels of the atmospherelevels of the atmospherelevels of the atmospherelevels of the atmospherelevels of the atmosphere

Polar orbiting satellitesPolar orbiting satellitesPolar orbiting satellitesPolar orbiting satellitesPolar orbiting satellitesPolar orbiting satellitesPolar orbiting satellitesPolar orbiting satellites

�� AMSUAMSU--A:A: NOAANOAA--15, NOAA15, NOAA--16, NOAA16, NOAA--18, 18, 
NOAANOAA--19, aqua, MetOp19, aqua, MetOp

�� AMSUAMSU--B/MHS:B/MHS: NOAANOAA--16, NOAA16, NOAA--17, 17, 
NOAANOAA--18, NOAA18, NOAA--19, MetOp19, MetOp

Observation modeObservation modeObservation modeObservation modeObservation modeObservation modeObservation modeObservation mode: cross track, zenithal : cross track, zenithal 
angle varies angle varies ±±5858°° with respect nadirwith respect nadir

copyright http://www.sat.ltu.se

Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP 
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Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: 

Available AMSUAvailable AMSU--B ChannelsB Channels

Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP 
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Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: Indirect vertical measurements of temperature and humidity: 

Assimilated AMSUAssimilated AMSU--B ChannelsB Channels
over land in ARPEGE before April 2010over land in ARPEGE before April 2010

Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP Remote sensing data usage in NWP 
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OCEANSOCEANS

OCEANS  OCEANS  LANDLAND

EmissivitEmissivitEmissivitEmissivitEmissivitEmissivitEmissivitEmissivitéééééééé ~ 1~ 1~ 1~ 1~ 1~ 1~ 1~ 1:: higherhigher contribution ofcontribution of thethe
surface tosurface to measuredmeasured radianceradiance

AssimilationAssimilationAssimilationAssimilationAssimilationAssimilationAssimilationAssimilation:: Until recentlyUntil recently, no, no emissivityemissivity
model effectivemodel effective enoughenough toto meetmeet NWPNWP
requirements requirements 

EmissivitEmissivitEmissivitEmissivitEmissivitEmissivitEmissivitEmissivitéééééééé ~ 0.5~ 0.5~ 0.5~ 0.5~ 0.5~ 0.5~ 0.5~ 0.5:: surface contribution tosurface contribution to
measuredmeasured signal < land contribution signal < land contribution 

AssimilationAssimilationAssimilationAssimilationAssimilationAssimilationAssimilationAssimilation:: effectiveeffective emissivityemissivity modelsmodels
existsexists :: FastemFastem ((English,English, HewisonHewison [1998][1998],,
DeblondeDeblonde, English [2000], Liu et al. [2010]), English [2000], Liu et al. [2010])
and meetand meet NWPNWP requirementsrequirements

Why the needWhy the need for afor a good knowledgegood knowledge of surfaceof surface emissivityemissivity
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Land surfaceLand surface emissivityemissivity ::
regressionregression version of models version of models 
�� eased theeased the assimilation ofassimilation of
sounding channels sounding channels 

89 GHz: OLD

Why the needWhy the need for afor a good knowledgegood knowledge of surfaceof surface emissivityemissivity
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Land surfaceLand surface emissivityemissivity ::
regressionregression version of models version of models 
�� eased theeased the assimilation ofassimilation of
sounding channels sounding channels 

SinceSince July 2008,July 2008, operational operational 
implementationimplementation of a new of a new 
land surfaceland surface emissivity emissivity 
parameterizationparameterization ((KarbouKarbou et et 
al. 2006)al. 2006) basedbased on radiativeon radiative
transfer calculationstransfer calculations

==>==> make itmake it possible topossible to
assimilateassimilate surface sensitive surface sensitive 
observationsobservations overover landland

89 GHz: OLD

89 GHz: NEW

Why the needWhy the need for afor a good knowledgegood knowledge of surfaceof surface emissivityemissivity
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Assimilated AMSU-B Channels
over land in operational models
before April 2010

Assimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over land
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Assimilated AMSU-B Channels
over land in our experiments
Summer 2006

Observations of the 
boundary layer over land

Assimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over land
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Main resultsMain resultsMain resultsMain resultsMain resultsMain resultsMain resultsMain results when AMSU surface channels are assimilated in 4Dwhen AMSU surface channels are assimilated in 4D--VarVar::

•• Forecast errorsForecast errors with respect towith respect to radiosondesradiosondes and ECMWF analysesand ECMWF analyses

•• Impact on analysis of humidityImpact on analysis of humidity, evaluation against independent GPS , evaluation against independent GPS 
measurements from AMMA network  measurements from AMMA network  

Assimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over landAssimilation of surface sensitive channels over land
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ScoresScores geopotential geopotential 
heightheight / Radiosondes, / Radiosondes, 
48h, 148h, 1 month month 

N20N20N20N20N20N20N20N20 AUSAUSAUSAUSAUSAUSAUSAUS--------NZNZNZNZNZNZNZNZ

S20S20S20S20S20S20S20S20 TROPIQTROPIQTROPIQTROPIQTROPIQTROPIQTROPIQTROPIQ

CTL CTL CTL CTL CTL CTL CTL CTL ------------------------ BIASBIASBIASBIASBIASBIASBIASBIAS
__ RMSE__ RMSE__ RMSE__ RMSE__ RMSE__ RMSE__ RMSE__ RMSE

EXP EXP EXP EXP EXP EXP EXP EXP ------------------------ BIASBIASBIASBIASBIASBIASBIASBIAS
__RMSE__RMSE__RMSE__RMSE__RMSE__RMSE__RMSE__RMSE

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecasts
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ScoresScores geopotential geopotential 
heightheight / Radiosondes, / Radiosondes, 
48h, 148h, 1 month month 

N20N20N20N20N20N20N20N20 AUSAUSAUSAUSAUSAUSAUSAUS--------NZNZNZNZNZNZNZNZ

S20S20S20S20S20S20S20S20 TROPIQTROPIQTROPIQTROPIQTROPIQTROPIQTROPIQTROPIQ

CTL CTL CTL CTL CTL CTL CTL CTL ------------------------ BIASBIASBIASBIASBIASBIASBIASBIAS
__ RMSE__ RMSE__ RMSE__ RMSE__ RMSE__ RMSE__ RMSE__ RMSE

EXP EXP EXP EXP EXP EXP EXP EXP ------------------------ BIASBIASBIASBIASBIASBIASBIASBIAS
__RMSE__RMSE__RMSE__RMSE__RMSE__RMSE__RMSE__RMSE

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecasts
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24h24h24h24h24h24h24h24h

Smaller errors in Smaller errors in Smaller errors in Smaller errors in Smaller errors in Smaller errors in Smaller errors in Smaller errors in 
EXPEXPEXPEXPEXPEXPEXPEXP

Differences of geopotential forecast errors with respect to ECMWDifferences of geopotential forecast errors with respect to ECMWF  analyses F  analyses 
(CTL(CTL--EXP), 200hPa, 1monthEXP), 200hPa, 1month

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecasts
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24h24h24h24h24h24h24h24h

Smaller errorsSmaller errorsSmaller errorsSmaller errorsSmaller errorsSmaller errorsSmaller errorsSmaller errors in in in in in in in in 
EXPEXPEXPEXPEXPEXPEXPEXP

48h48h48h48h48h48h48h48h

Smaller errorsSmaller errorsSmaller errorsSmaller errorsSmaller errorsSmaller errorsSmaller errorsSmaller errors in in in in in in in in 
EXPEXPEXPEXPEXPEXPEXPEXP

Differences ofDifferences of geopotentialgeopotential forecast errors with respect to ECMWF  analyses forecast errors with respect to ECMWF  analyses 
(CTL(CTL--EXP), 200hPa, 1monthEXP), 200hPa, 1month

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecastsEffect on forecasts
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TCWV (EXP-CTL)

More humidity in EXP

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analyses

Similar humidity features observed when assimilating TCWV from Similar humidity features observed when assimilating TCWV from 
ENVISAT MERIS over land in IFS (Bauer, 2009)ENVISAT MERIS over land in IFS (Bauer, 2009)
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TCWV (EXP-CTL)

More humidity in EXP

TCWV diurnal cycle, 
Tombuktu (MALI)

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analyses

Evaluation against
GPS measurements
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TCWV (EXP-CTL)

More humidity in EXP

TCWV daily time series, Ouagadougou

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analyses

Evaluation against
GPS measurements
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Correlations withCorrelations withCorrelations withCorrelations withCorrelations withCorrelations withCorrelations withCorrelations with GPS, 45GPS, 45GPS, 45GPS, 45GPS, 45GPS, 45GPS, 45GPS, 45 daysdaysdaysdaysdaysdaysdaysdays,,,,,,,, synoptic timessynoptic timessynoptic timessynoptic timessynoptic timessynoptic timessynoptic timessynoptic times

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analyses

AMMA GPS network
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T (EXP-CTL)

Vz (EXP-CTL)

Karbou et al, 2009a, b

AEJ increase

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analysesEffect on analyses



EXP-CTR

more 
rain in 
EXP

24-hour cumulated precipitation rate

Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: Assimilation of surface sensitive channels over land: 
Effect on forecastEffect on forecastEffect on forecastEffect on forecastEffect on forecastEffect on forecastEffect on forecastEffect on forecast



AMMA Conference, Toulouse, Juillet 2012

•• A good representation of land surfaceA good representation of land surface emissivityemissivity motivated assimilation motivated assimilation 
studies to assimilate low level humidity observations (usually bstudies to assimilate low level humidity observations (usually blacklisted)lacklisted)

•• The assimilation of these channels:The assimilation of these channels:
•• Positive impact in scoresPositive impact in scores wrt radiosondeswrt radiosondes, ECMWF analyses, ECMWF analyses
•• Large impact on humidity analysis (& temp., wind) over the TropiLarge impact on humidity analysis (& temp., wind) over the Tropics: low cs: low 

to midto mid--levelslevels
•• TCWV Change evaluated against independent GPS measurementsTCWV Change evaluated against independent GPS measurements

•• More results inMore results in KarbouKarbou et al. 2010aet al. 2010a--b (Weather and Forecasting)b (Weather and Forecasting)

SurfaceSurfaceSurfaceSurface emissivityemissivityemissivityemissivity model operationallymodel operationallymodel operationallymodel operationally implemented implemented implemented implemented 
at at at at MMMMééééttttééééoooo----France in July 2008 France in July 2008 France in July 2008 France in July 2008 
at ECMWF since September 2009 (at ECMWF since September 2009 (at ECMWF since September 2009 (at ECMWF since September 2009 (KrzeminskiKrzeminskiKrzeminskiKrzeminski et al. 2009)et al. 2009)et al. 2009)et al. 2009)

Assimilation of AMSU surface sensitive observations:Assimilation of AMSU surface sensitive observations:Assimilation of AMSU surface sensitive observations:Assimilation of AMSU surface sensitive observations: operational atoperational atoperational atoperational at MMMMééééttttééééoooo----
France since 6France since 6France since 6France since 6thththth April 2010.April 2010.April 2010.April 2010.

Conclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issues
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•• Assimilation of humidity observations: Assimilation of humidity observations: need for more in depth studiesneed for more in depth studies, inter, inter--
comparison studies dealing with different models (connection witcomparison studies dealing with different models (connection with moist h moist 
physicphysic parametrisationparametrisation))

•• Need for studies dedicated to the assimilation of MW data underNeed for studies dedicated to the assimilation of MW data under
cloudy/rainy conditionscloudy/rainy conditions

•• Potential ofPotential of mesomeso--scale models:scale models: performances of the AROME model using performances of the AROME model using 
MW based analyses (MW based analyses (Florent BeucherFlorent Beucher) ) 

•• Improve the usage of microwave data for Improve the usage of microwave data for other applicationsother applications (hydrology, (hydrology, 
physical process studies, ...)physical process studies, ...)

Conclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issues
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Conclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issues

•• Improve the usage of microwave data for Improve the usage of microwave data for other applicationsother applications : : an example the
use of emissivities at 89 GHz to estimate a rain rate (Camille Birman, Fatima
Karbou, Jean-François Mahfouf)
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Conclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issuesConclusions and Open issues

5 May 2010, 24h simulated rain 

Emissivity at 89 GHz24
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•• Improve the usage of microwave data for Improve the usage of microwave data for other applicationsother applications : : an example the
use of emissivities at 89 GHz to estimate a rain rate (Camille Birman, Fatima
Karbou, Jean-François Mahfouf)
• Method evaluated over France, shows a positive bias but correctly reproduce 
the rain occurrence and variability. 

• This approach can be generalised to areas with few in-situ measurements   
(Africa)
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