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ECMWF Integrated Forecasting System (IFS) 

(10-day)

ü Coupled land-atmosphere Forecast Model
ü Data Assimilation: atmosphere (4D-Var), 

land (SEKF,OI), ocean (3D-Var)
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Current operational NWP system at ECMWF
weakly coupled land-atmosphere-wave and sea ice assimilation

Ą Importance of the interface observations for consistent initialisation of 

coupled land-atmosphere forecasts

ĄSMOS observations highly relevant for coupled assimilation
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2018: New SMOS neural network processor

for data assimilation

Example on 01 June 2016:

- 27 NRT TB files received Ą 27 SMOS NN Netcdf

files produced and archived at ECMWF (ECFS)

Preprocessing (NRT):

Regridding, conversion GRIB, 

6-hours grib files,

[SSM, SSM error (Ů), obs time, RFI 

proba, nb obs] 

Ą Suitable and ready to DA in IFS
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EDA-based soil moisture analysis and SMOS assimilation impact in the IFS

Data Assimilation experiments:

- CTRL: current IFS 45r1 (Finite difference SEKF, uses T2m, RH2m, ASCAT SM)

- SMOS_DA: CTRL+SMOS NN DA (obs error =0.02+3*Ů, RFI filter 20%)

- EDA_SMOS_DA:  Next operational system (46r1)  with SMOS_DA + EDA_SEKF with 50 EDA 

members

Two sets of experiments (standard for ECMWF future IFS cycle testing):

- Summer June-July-August 2017  

- Winter December-January-February 2016-2017

- Extended period: March-September 2017

Spatial resolution: Tco399 (25 km)
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7
EDA SEKF and SMOS NN DA impact 

ü Enhanced coupling:
- Use the EDA to compute the SEKF Jacobian

ü Improved efficiency:
- CPU reduction from EDA SEKF, cost neutral for SMOS

Reduction of the SEKF CPU cost by a factor ~3.6

NPES*THREADS 45r1 46r1

Tco 1279 300*9 1580 435

TCo399 54*6 815 235

Different Jacobians tapering 

coefficients at depth 

EDA_SMOS_DA -CTRL 

SMOS_DAïCTRL

SMOS innovation (obs-model) 

01 August 2017 (m3/m3) 

Atmospheric impact (T2m) 

compared to 45r1 CTRL

JJA impact 
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SMOS neural network data assimilation: forecast impact
Two-metre air temperature evaluation 01 March ï10 September 2017

Normalised RMSE difference

[SMOS_DA ïCTRL] EDA_[SMOS_DA ïCTRL]
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SMOS neural network data assimilation:

Fit between IFS first guess and independent observations (obs-model) 

Aircraft humidity (JJA 2017)

EDA_SMOS_DA  minus CTRL 

SMOS_DA minus CTRL

Improved fit in low troposphere

Aircraft temperature (JJA 2017)
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10
EDA Jacobians: sensitivity to EDA ensemble size

Test: double observation errors in SEKF analysis:

- Degrades T2m FC with 25 members (as expected)

- Similar sensitivity with 10 members

Ą Suitable for the testing environment with reduced 

ensemble size

Ą Also promising for the use of EDA jacobians

in the future reanalyses
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Experiment R

surface root Zone

Ranom

Surface    root zone

uRMSD

surface    root zone

Bias

surface    root zone

CTRL (oper) 0.617 0.65 0.518 0.428 0.052               0.031 0.06 0.058

SMOS DA

(oper+SMOS DA)

0.609 0.667 0.507 0.443 0.052  0.030 0.058 0.052

SMOS+EDA

(oper+SMOS+EDA)

0.623 0.64 0.521 0.421 0.051 0.029 0.055 0.052

Evaluation of surface and root zone soil moisture against in situ data

More than 300 stations in US and Europe (SCAN, USCRN, SNOTEL and SMOSMANIA)

EDA-SEKF and SMOS Neural Network assimilation in the IFS

Ą Small impact, but on a slight improvement side in soil moisture
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The Global Flood Awareness System

www.globalfloods.eu

Summary and perspectives

- Implementation of an EDA-SEKF soil moisture analysis at ECMWF
- Implementation of SMOS neural network soil moisture assimilation at ECMWF
- Ą operational in IFS cycle 46r1 mid-2019
- Future: Assessment of soil moisture assimilation for consistent NWP and flood 

forecasting systems


