Machine learning SMOS soil moisture product assimilation at ECMWF
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Background

ECMWEF has been assimilating Neural Network (NN) based soil moisture product since 2019 (Rodriguez-Fernandez et al.,
2019). For model cycle 49R1 the assimilation product required re-training due to several model changes including:

* |Improvements to surface vegetation fields
* Improvements in snow data assimilation
* Improvements in screen level temperature assimilation

The new assimilation product is based on XGBoost (eXtreme Gradient Boosting) method.

Training data Feature importance

6 years of data (2017 — 2022), every 4th day included in
the dataset. 5 years used for training, 1 year for
iIndependent testing.

Including the time related features improves the
correlation and decreases the RMSE.

Corr=0.88 RMSE = 0.06 Feature importance
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Thinning decisions:

lat 2109.4
lon 1883.0
cos |d 979.0
104 sin_jd 975.0
clim_cvh 758.0
clim cy| 5960

brightnessTemperaturey 677.0
103 T geopot 565.0

clim_sotype 548.0
clim_sdfor =———————=306.0

» 30,40 and 50 incidence angles = 1°

« Every 4" observation

Features

Nencitw

faradayRotationalAngle +——176.0
cos_sza ——117.0
geometricRotationalAngle +——93.0
waterFraction =780

Screening decision:
» RFI filtering based on flags provided in the BUFR files

polarization E?}' 0
smosinformationFlag +=62.0
sin_local_time =580
incidenceAngle ffﬂ.ﬂ
cos_local_time -£30.0
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* No data over snow or frozen ground
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Impact assessment

Impact of assimilating XB based SMOS soil moisture has been tested over 3-month long period, June — August 2022. The
results are compared to impact from assimilating NN soil moisture as in previous |IFS cycles.

Assimilation of XB or NN based SMOS saoll
moisture has positive impact near surface when
compared to no SMOS experiment (100% line).

Ca. 26% more observations assimilated in the XB
experiment compared to NN

» Slightly different data selection in the training
» Better fit to model first guess

The positive impact of assimilation of XB based soll
moisture is stronger than of NN in cycle 49r1.
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Operational use

Assimilation of the XB based SMOS soil moisture was activated in IFS cycle 49r1 on 5t February 2025.
It is planned to be used in ERAG for the full period of SMOS data availability (2010 — to current date).

Reference: Rodriguez-Fernandez, N., de Rosnay P., Albergel C., Richaume P., Aires F., Prigent C., Kerr Y.: "SMOS Neural Network Soil Moisture Data Assimilation in a Land Surface Model and Atmospheric
Impact”, Remote Sensing, 717(11), 1334, 2019 https://www.mdpi.com/2072-4292/11/11/1334)
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