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Surface Analysis and upper air analysisSurface Analysis and upper air analysis

 For the time being surface analysis are performed separately from upper 
air analysis. In theory a single analysis would be better but it is much more 
difficult to implement: 

1) definition of BB between upper air and surface variables, 

2) time scale evolutions may be different, ...  

 For the time being several surface analysis are used for different surface 
parameters (Soil temperature and Soil moisture, Snow, SST, Sea ice, ...

 Atmospheric analysis and several surface analysis are done separately and 
combined to provide the final analysis for the forecast.
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Surface Analysis and upper air analysisSurface Analysis and upper air analysis
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 Question: Whether combining surface assimilation with upper-air assimilation 

has an added value compared to using either of them separately?

 Randriamampianina and Storto (2008) → improvement for short forecast range

 Schneider et al. (2009) → results more mixed

 Stanesic (2011)→ positive for 2m T, RH and upper air RH

 de Rosnay et al. (2012) → EKF with 4D-Var operationally at ECMWF

 Duerinckx et al. (2016) focuses on new combination EKF+3D-Var tested with 

ALARO-0 coupled to SURFEX
 

 

Surface Analysis and upper air analysisSurface Analysis and upper air analysis
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Simulation set-upSimulation set-up

 ALARO-0

 SURFEX/ISBA 2-layer version

 One year run for 2013

 6-hour assimilation cycle

 Operational ALADIN-Belgium 

domain 4km resolution 

 181x181 grid point and 46 vertical 

levels

 OPLACE database for 2m T & RH

 OPLACE conventional 

observations: wind profiler, 

radiosonde, aircraft data and surface 

synoptic observations.

Prognostic Variables :
– Soil moisture content : Wg 

and W2
– Soil temperature : Ts and 

T2
Observations : T2m and RH2m

– Interpolated to model grid 
with CANARI
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EKF for soil analysisEKF for soil analysis
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EKF: The JacobianEKF: The Jacobian
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        Coupled                      Offline

Coupled : used for the forecast

Offline : used in the EKF to calculate the Jacobian

 

EKF: The JacobianEKF: The Jacobian
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Soil moisture verificationSoil moisture verification
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Scores for precipitationScores for precipitation

Winter Summer
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Summary:Summary:
1. The EKF runs are more successful in beating the 1. The EKF runs are more successful in beating the 
Open Loop than the OI runs.Open Loop than the OI runs.

2. 3d-var is able to improve the 2m RH scores during 2. 3d-var is able to improve the 2m RH scores during 
the first 12h compared to Open Loop.the first 12h compared to Open Loop.

3. During winter, the combination of surface and 3. During winter, the combination of surface and 
atmospheric assimilation outperforms the runs with only atmospheric assimilation outperforms the runs with only 
surface assimilation or only upper-air assimilation.surface assimilation or only upper-air assimilation.

4. During summer, the runs with only surface 4. During summer, the runs with only surface 
assimilation perform better than the runs with a assimilation perform better than the runs with a 
combination of both.combination of both.

5. upper air scores using sounding indicate that the 5. upper air scores using sounding indicate that the 
3d-var is not able to get an equally well upper-air 3d-var is not able to get an equally well upper-air 
analysis as the ARPEGE interpolated atmosphere.analysis as the ARPEGE interpolated atmosphere.
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GNSS ZTD assimilationGNSS ZTD assimilation
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STAEKFSTAEKF
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