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General General 

•• Reanalyses, a sequence of atmospheric and surface conditions oveReanalyses, a sequence of atmospheric and surface conditions over r 
a long perioda long period

•• Time consistency important Time consistency important 
•• Quality of reanalyses are affected byQuality of reanalyses are affected by

–– The quality of the assimilation system (model and analysis) The quality of the assimilation system (model and analysis) 
–– The characteristics of the observing systemThe characteristics of the observing system

•• ChangesChanges
•• Coverage and gapsCoverage and gaps

–– Boundary conditionsBoundary conditions
–– Systematic and random errors in the previousSystematic and random errors in the previous



Before reanalyses ..1Before reanalyses ..1

•• Operational analyses were successfully used in general Operational analyses were successfully used in general 
circulation studies especially in the Tropics and Southern circulation studies especially in the Tropics and Southern 
Hemisphere, but due to the improving forecasting system it Hemisphere, but due to the improving forecasting system it 
waswas

–– Difficult to study Difficult to study interannualinterannual variations and variations and 
–– Impossible to study climate changeImpossible to study climate change

•• Reanalysis efforts proposed Reanalysis efforts proposed e.ge.g by by BengtssonBengtsson & & ShuklaShukla (1988)(1988)



Before reanalyses ..2Before reanalyses ..2

•• There has been an increasing need to understand trends:There has been an increasing need to understand trends:

–– MSUMSU--2 data compared with ECMWF operational 2 data compared with ECMWF operational 
analyses revealed discontinuities related to major analyses revealed discontinuities related to major 
system changes by system changes by HurrellHurrell & & TrenberthTrenberth (1991)(1991)

–– UpperUpper--air temperature trends air temperature trends OortOort & Liu (1992) & Liu (1992) 
GFDL data v MSUGFDL data v MSU--2 and MSU2 and MSU--4 in good agreement, 4 in good agreement, 
high expectations on reanalyses & trendshigh expectations on reanalyses & trends

–– Temperature trends and inadequate spatial sampling Temperature trends and inadequate spatial sampling 
Karl el al. (1993)Karl el al. (1993)

–– ……



ECMWF reanalysesECMWF reanalyses

ERAERA--15 197915 1979--19931993

•• Data assimilation systemData assimilation system
–– Model T106L31Model T106L31
–– Optimum InterpolationOptimum Interpolation

•• TOVS  Cloud Cleared Radiances (HIRS/ MSU) through 1DTOVS  Cloud Cleared Radiances (HIRS/ MSU) through 1D--Var Var 
retrievalretrieval

•• Bias corrections applied to satellite radiances and Bias corrections applied to satellite radiances and radiosonderadiosonde heightsheights
•• ECMWF operational data the main source of conventional observatiECMWF operational data the main source of conventional observations, ons, 

added by COADS, FGGE, ALPEXadded by COADS, FGGE, ALPEX



•• NCEP ReanalysisNCEP Reanalysis
–– Period 1948 Period 1948 and continues as Climate Data Assimilation and continues as Climate Data Assimilation 

System (CDAS)System (CDAS)
–– NCEP reanalysis has used the original NESDIS retrievalsNCEP reanalysis has used the original NESDIS retrievals
–– Retrievals of SSMI data have not been usedRetrievals of SSMI data have not been used

•• ECMWF OperationsECMWF Operations
–– Direct assimilation of radiances started in 1996Direct assimilation of radiances started in 1996



Use of TOVS data in ERAUse of TOVS data in ERA--1515



Static 
J. Eyre based on W. Smith & 

H. Woolf
Method

MonthlyUpdate frequency

Predictors:
MSU-2,3 and 4, which are

unaffected by clouds

Data selected in 5 latitude 
bands

Air-mass 
dependent bias

Global offset with 0 at centerScan bias

Cloud Cleared and nadir 
corrected RadiancesInput radiance

ERA-15

CCR bias correction in ERACCR bias correction in ERA--1515



ERAERA--15 Tropical temperature15 Tropical temperature

TrenberthTrenberth et al. (2000)et al. (2000)



ERAERA--15 Tropical temperature15 Tropical temperature

NOAANOAA--9 MSU9 MSU--3 problem3 problem
November 1986November 1986

TrenberthTrenberth et al. (2000)et al. (2000)



ECMWF reanalysesECMWF reanalyses

ERAERA--40 195740 1957--20022002

ERAERA--15 197915 1979--19931993

•• Improved data assimilation systemImproved data assimilation system
–– Assimilating model  T159L60 Assimilating model  T159L60 
–– 3D3D--Var FGATVar FGAT
–– Analysis of OAnalysis of O33

•• More extensive use satellite radiances More extensive use satellite radiances 
•• ERAERA--15 experience 15 experience ERAERA--40 blacklist40 blacklist
•• More comprehensive use of conventional observationsMore comprehensive use of conventional observations
•• Use of Use of MeteosatMeteosat reprocessed winds, CSR data passivereprocessed winds, CSR data passive
•• Improved SST & ICE datasetImproved SST & ICE dataset
•• Ocean wave height analysisOcean wave height analysis



7 LEVELS

Model levels

ERA-15/ L31 ERA-40/ L60

13 LEVELS

10 hPa

100 hPa

64 km0.1 hPa

9  LEVELS in PBL 

Levels added



VTPRVTPR
1973 

TOMS/ SBUVTOMS/ SBUV
1979

1979
TOVS:TOVS:

HIRS/ MSU/ SSUHIRS/ MSU/ SSU
Cloud Motion WindsCloud Motion Winds

1987
SSM/ISSM/I 1991

ERSERS--11
1995
ERSERS--22

1998
ATOVS:ATOVS:
AMSUAMSU--AA

METEOSAT METEOSAT 
ReprocessedReprocessed

Cloud Motion Cloud Motion 
WindsWinds

1982 1988

CONVENTIONAL SURFACE AND UPPERAIR OBSERVATIONS
NCAR/ NCEP, ECMWF, JMA, US Navy, Twerle, GATE, FGGE, TOGA, TAO, COADS, …

AIRCRAFT DATAAIRCRAFT DATA
1973 

1957 2002 
Observing Systems in ERAObserving Systems in ERA--4040



•• RadiosondeRadiosonde temperature biases 1980 onwards (temperature biases 1980 onwards (AndraeAndrae
et al. 2004)et al. 2004)

•• VTPR, TOVS, SSMI and ATOVS radiancesVTPR, TOVS, SSMI and ATOVS radiances

•• ERS ERS scatterometerscatterometer wind bias correctionwind bias correction

Handling of biases in ERAHandling of biases in ERA--4040



RadiosondeRadiosonde temperature bias, OBtemperature bias, OB--FGFG
(4 solar elevation angle intervals and the mean) (4 solar elevation angle intervals and the mean) 

all year 1994, South West Canadaall year 1994, South West Canada

UncorrectedUncorrected

CorrectedCorrected



•• VTPR   VTPR   8 channel IR sounder instrument8 channel IR sounder instrument
PAOBsPAOBs, bogus observations (BOM) from cloud imagery, bogus observations (BOM) from cloud imagery

•• TOVS     3 sounder instrumentsTOVS     3 sounder instruments
HIRS HIRS 20 channel IR   20 channel IR   
MSU        4 channel MWMSU        4 channel MW
SSU          3 channel IRSSU          3 channel IR

•• SSMI      7 channel MW imagerSSMI      7 channel MW imager

•• ATOVS  3 sounder instrumentsATOVS  3 sounder instruments
HIRS HIRS 20 channel IR20 channel IR
AMSUA  20 channel MWAMSUA  20 channel MW
AMSUB    5 channel MW AMSUB    5 channel MW 

Use of radiances in ERAUse of radiances in ERA--4040
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TemperatureTemperature HumidityHumidity

VTPR Radiance SensitivityVTPR Radiance Sensitivity



Image created from VTPR CH 2 for all orbits on 28/12/1972Image created from VTPR CH 2 for all orbits on 28/12/1972
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(John Bates, Darren Jackson)

1978 1998 1978 1998

MSU Channel 3 MSU Channel 4



Static 
B. Harris & G. KellyMethod

Once per satellite life time
or after a jump in instrument 

based on  about two week 
statistics

Update frequency

Predictors:
Model values 

DZ(1000-300)hPa
DZ(200-50)hPa
Tskin and TCWV

Air-mass dependent 
bias

18 latitude bandsScan bias

Level-1c calibrated at ECMWF 
from Level-1bInput radiance

ERA-40

VTPR/ TOVS/ ATOVS bias correctionVTPR/ TOVS/ ATOVS bias correction



VTPR Radiance VTPR Radiance 
monitoring 1972/73monitoring 1972/73



VTPRVTPR

Analysis Increments at the start of VTPR radiance assimilationAnalysis Increments at the start of VTPR radiance assimilation



VTPRVTPR

Analysis Increments at the start of VTPR radiance assimilationAnalysis Increments at the start of VTPR radiance assimilation



Static 
B. Harris & G. KellyMethod

Once per satellite life time
or after a jump in instrumentUpdate frequency

Predictors:
Model values 

10 m wind speed, Tskin and 
TCWV

Air-mass dependent bias

18 latitude bandsScan bias

Calibrated Level-1c from F. Wentz 1998 
and then on from ECMWF. 

Satellite to calibration with reference to the 
1st satellite done by F. Wentz

Input radiance

ERA-40

SSMI bias correctionSSMI bias correction





How successful ?How successful ?
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Ascension Island (8S,14W)Ascension Island (8S,14W)
Independent Independent rocketsonderocketsonde data and data and ERAERA--4040

Zonal wind at 30kmZonal wind at 30km

((AgatheAgathe UntchUntch))



Pinatubo



Trend and variability in lower stratospheric temperatureTrend and variability in lower stratospheric temperature

Linear trend:  MSU-4 - 0.39OC/decade
ERA-40 - 0.30OC/decade
NCEP - 0.82OC/decade

MSU-4 data analyzed by Mears et al. (2003)

ERA-40 equivalent from Ben Santer



Comparison of reanalysis and land-station values

Based on monthly station data (Jones and Moberg, 2003)Based on monthly station data (Jones and Moberg, 2003)
Based on ERA-40 reanalysis of synoptic data

Surface air temperature anomaly (oC) with respect to 1987-2001

Northern hemisphere

Simmons et al. (2004)Simmons et al. (2004)



Polar regionsPolar regions

•• RecentsRecents trends (1985trends (1985--2001) in Antarctic snow accumulation 2001) in Antarctic snow accumulation 
from simulations based on ERAfrom simulations based on ERA--40 and NCEP boundary 40 and NCEP boundary 
conditions agree well with the ice core measurementsconditions agree well with the ice core measurements

Andrew J. Monaghan et al.  (2005)Andrew J. Monaghan et al.  (2005)



500hPa temperature differences

Background - sondeAnalysis - sonde



(Maximum energy contribution 700 (Maximum energy contribution 700 hPahPa))

OBOB--FGFGMean and STDMean and STD



(Maximum energy contribution 300 (Maximum energy contribution 300 hPahPa))

OBOB--FGFGMean and STDMean and STD



(Maximum energy contribution 90 (Maximum energy contribution 90 hPahPa))

OBOB--FGFGMean and STDMean and STD



Operational monitoring Operational monitoring 6/9/20016/9/2001--6/10/20016/10/2001
-- Spacecraft manoeuvre causing instrument heatingSpacecraft manoeuvre causing instrument heating

MSU NOAA-14AMSU A NOAA-16



(Maximum energy contribution 400 (Maximum energy contribution 400 hPahPa))

OBOB--FGFGMean and STDMean and STD



(Maximum energy contribution 1.5 (Maximum energy contribution 1.5 hPahPa))

OBOB--FGFGMean and STDMean and STD



(Maximum energy contribution 4 (Maximum energy contribution 4 hPahPa))

OBOB--FGFGMean and STDMean and STD



(Maximum energy contribution 15 (Maximum energy contribution 15 hPahPa))

OBOB--FGFGMean and STDMean and STD



(Maximum energy contribution 700 (Maximum energy contribution 700 hPahPa))

OBOB--FGFGMean and STDMean and STD



•• DataData--assimilation systemassimilation system
–– T159L60 T159L60 T319T319L91 ?L91 ?
–– Improved assimilating model CY30R1+Improved assimilating model CY30R1+
–– Use of 12 hour 4DUse of 12 hour 4D--Var Var 
–– New humidity analysisNew humidity analysis

•• Satellite LevelSatellite Level--1c radiances 1c radiances 
–– Better RTTOV and improved use of radiances especially IRBetter RTTOV and improved use of radiances especially IR
–– Adaptive bias correctionAdaptive bias correction
–– Direct assimilation of SSMI radiancesDirect assimilation of SSMI radiances
–– Updating blacklist based on JRAUpdating blacklist based on JRA--25 experience25 experience

•• Improved use of Improved use of radiosondesradiosondes
–– Bias correction and homogenization based on ERABias correction and homogenization based on ERA--4040

•• Correction of SHIP/ SYNOP surface pressure biasesCorrection of SHIP/ SYNOP surface pressure biases
•• Use of reprocessed Use of reprocessed MeteosatMeteosat winds and radiances 1989winds and radiances 1989
•• New set of Altimeter wave height data 1991New set of Altimeter wave height data 1991

ECMWF reanalyses ECMWF reanalyses 

ERAERA--40 195740 1957--2002 2002 

ERAERA--Interim 1989 Interim 1989 Continues as CDAS Continues as CDAS 

(Planned to start in Dec 2005)(Planned to start in Dec 2005)



Static(Red) and Variational (Black) bias correction 



Static and Variational bias correction 

St.dev. and bias (K) OB-FGOB-AN
0469: TEMP-T  50 hPa  S_PolarC
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Static(Red) and Variational (Black) bias correction 
(Satellite Data : TOVS/AMSU-A (NOAA-15))

St.dev. and bias (K) OB-FGOB-AN
0469: TOVS-1C_noaa-15_AMSU-A_Tb  Ch 7  Tropics
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StaticAdaptive



Temperature Time series (Global)



Static(Red) and Variational (Black) bias correction 
(Satellite Data : SSMI)

St.dev. and bias (K) OB-FGOB-AN
0469: SSMI-1C_dmsp-14_SSMI_Tb  Ch 3  Tropics
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Static(Red) and Variational (Black) bias correction (Satellite Data : SSMI)

St.dev. and bias (K) OB-FGOB-AN
0470: SSMI-1C_dmsp-15_SSMI_Tb  Ch 3  Tropics
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Conclusions Conclusions 

•• In ERAIn ERA--40, for the first time, the satellite radiances been extensively40, for the first time, the satellite radiances been extensively assimilated over a assimilated over a 
long periodlong period

•• The ERAThe ERA--40 bias corrections are much more stable than in ERA40 bias corrections are much more stable than in ERA--1515
–– Level 1c versus CCRLevel 1c versus CCR
–– Direct radiance assimilation, RTTOV, new bias correction predictDirect radiance assimilation, RTTOV, new bias correction predictors ors 

•• Detection of realistic climate change signals from ERADetection of realistic climate change signals from ERA--4040
•• Adaptive bias correction offers many advantagesAdaptive bias correction offers many advantages
•• Potential for improving the bias estimation in future reanalysesPotential for improving the bias estimation in future reanalyses

–– Use of a longer assimilation windowUse of a longer assimilation window
–– Exploit the statistics from ERAExploit the statistics from ERA--40 (feedback & ODB) to understand satellite biases 40 (feedback & ODB) to understand satellite biases 

and possible instrument driftsand possible instrument drifts
–– Accounting model biasesAccounting model biases
–– Correction of biases in Atmospheric Motions Vectors ?Correction of biases in Atmospheric Motions Vectors ?
–– More accurate metadata from data producersMore accurate metadata from data producers
–– Integration of different bias correctionsIntegration of different bias corrections


