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• Task 1: Brightness-temperature retrieval techniques for synthetic aperture interferometric 
radiometers and RFI mitigation techniques

• Task 2: New retrieval algorithm development and long-term data record development and 
validation for soil moisture based on current and future satellite missions

• Task 3: Enhancement of the spatial-temporal resolution of remote sensing products by 
combine use of multi-source satellites

• Task 4: Applications of multiple microwave and optical remote sensing products for eco-
hydrological modelling in the Luan river basin

• Planning on field data collection campaigns

• Academic exchanges



• Task 1: Brightness-temperature retrieval techniques for synthetic aperture interferometric radiometers and 
RFI mitigation techniques

• Irregular antenna arrays have been studied to diminish the aliasing of in the reconstructed 
images  (preparation of new missions)

Irregular array 
(Krzakala et al. 2021, IEEE JSTARS) 

Irregular cross

Quincunx cross

Original image
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• Task 1: Brightness-temperature retrieval techniques for synthetic aperture interferometric radiometers and 
RFI mitigation techniques

• Simultaneous reconstruction of subsequent snapshots can impose more constrains on the BT 
images and reduce noise.  

Reconstruction d’image multi-snapshot
(Dunitz et al. 2021, IEEE CAMA) 
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• Task 1: Brightness-temperature retrieval techniques for synthetic aperture interferometric radiometers and 
RFI mitigation techniques

• Digital beam forming shows promising results as an alternative to aperture synthesis. Less 
noise in the BT versus incidence angle curves due to less sensitivity to disparities in the 
antenna power patterns
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• Task 1: Brightness-temperature retrieval techniques for synthetic aperture interferometric radiometers and 
RFI mitigation techniques

• Using SMAP Tbs to define thresholds to filter SMOS Tbs in regions affected by RFI
• Comparison to SMAP allow to define thresholds using RFI_flags/Nviews and 

BT_std/BT_accuracy

Madelon, Rodriguez-Fernandez et al.
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• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions

• After applying those filters it is possible to reduce bias in SMOS and SMAP BTs

Madelon, Rodriguez-Fernandez et al.

R

STDD

Bias

• Multilinear regression of SMOS BTs from 
30º to 45º with respect to SMAP BTs (40º)
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Madelon, Rodriguez-Fernandez et al.

R

STDD

BiasR

STDD

Bias

• Multilinear regression of SMOS BTs from 
30º to 45º with respect to SMAP BTs (40º)

• Important to have a common L-band time 
series to be used to rescale time series of 
other sensors for climate data records

• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions

• After applying those filters it is possible to reduce bias in SMOS and SMAP BTs
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• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions

• A general soil moisture retrieval algorithm (multi-channel collaborative algorithm, MCCA) 
that could be applied to various satellites was developed.

 (1) Self-constraint relationship between soil and 
vegetation parameters is used as constraints

𝐹𝐹𝜔𝜔−𝜏𝜏−1 : 𝜏𝜏𝑐𝑐𝑐 = −log(
−𝑏𝑏′ − 𝑏𝑏′2 − 4 � 𝑎𝑎′ � 𝑐𝑐′

2 � 𝑎𝑎′
) � cos𝜃𝜃

Vegetation

Soil

 (2) Vegetation tau (VOD) is dependent on frequency, 
polarization and incidence angle
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 (3) for a given Tb and corresponding soil and vegetation parameters, the Tb at another channel can be predicted

Scattering Absorption
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• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions

• Parameter tuning without using ancillary data when applying the MCCA with SMOS and 
SMAP BTs

• The main idea is based on the information theory that the mutual information of the retrieved 
soil moisture and vegetation optical depth should be maximum.

• Although no ancillary data are utilized during the parameter tuning, it found that both albedo 
and roughness are land-cover dependent. 

Effective scattering albedo Roughness
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DOI: 10.11888/Terre.tpdc.272088.

• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions

• Global soil moisture content (SMC) and vegetation optical depth (VOD) results from SMAP
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Dense networks from ISMN Correlation ubRMSD

Other 
products

New results

• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions

• The MCCA retrieved soil moisture generally has a comparable correlation (R) with other 
SMAP products, while the ubRMSE of MCCA soil moisture is generally lower than that from 
other SMAP products.

Peng, Zhao, Shi et al. 2022, 
Remote Sensing of Environment (under revision)
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• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions

• All VOD products have a linear correlation with AGB, and a saturation can happen when 
AGB is very high.

• No saturation was found when compared 
with canopy height.

New results
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• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions
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Validation/Comparison
In situ observations

Satellite official  product
Global daily soil moisture 

of  FY-3B (2010-2019) 

ANN Model

ANN
Training

(2015-2017)

SSM
Retrieval

(2010-2019)

Preprocessing

TBs and MVI

Input layer Hidden layer

TB2

TB8

MVI

TB1

… H2

H10

H1

…
SSM

Output layer

MVI 36kmTBs 36km

FY-3B MWRI TB  
2:00 at  L1 Swath

Resample

SMAP SSM
6:00 at 36 km

Spatio-temporal 
matching (2015-2017)

• A global daily soil moisture dataset derived 
from Chinese FengYun Microwave Radiation 
Imager (MWRI)(2010-2019)

MVI f1, f2 =
TB𝑣𝑣 f2 − TBℎ f2
TB𝑣𝑣 f1 − TBℎ f1

NNsm-FY v.s. SMAPsm 



• Task 2: New retrieval algorithm development and long-term data record development and validation for soil 
moisture based on current and future satellite missions
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• NNsm-FY generally have a lower accuracy than SMAPsm for most networks, with lower 
CC and higher ubRMSE.

• But the NNsm-FY has a longer time span from the year of 2010.



• A global daily soil moisture 
dataset derived from Chinese 
FengYun Microwave Radiation 
Imager (MWRI)(2010-2019)
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• NNsm-AMSR has a gap in 
period from Oct. 2011 to Jun 
2012. This gap limits 
application of NNsm-AMSR 
such as drought analysis and 
climate change research.

• NNsm-FY dataset developed in 
this research, spanning from 
late 2010, exactly fill in this 
gap.
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DOI: 10.11888/Terre.tpdc.271954.



• Task 3: Enhancement of the spatial-temporal resolution of remote sensing products by combine use of multi-
source satellites

• Using NAFE’06, SMAPVEX15, SMAPVEX16 and Luan Basin airborne data to evaluate the 
impact of the initial resolution on the downscaling results

Rodriguez-Fernandez, Zhao, Colliander et al.

5 km
R= 0.89, Slope= 0.93

10 km
R= 0.79, slope = 0.87

20 km
R= 0.75, slope=0.82

40 km
R= 0.69, Slope=0.76

The results are significantly better when the 
initial resolution goes from 40 to 5 km
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• Task 3: Enhancement of the spatial-temporal 
resolution of remote sensing products by combine 
use of multi-source satellites

• Multi-scale evaluation of different soil 
moisture data sets with respect to in situ 
measurements

• Interpolated products (SMAP 9km) give the 
same results as the original SMAP.

• Downscaled SMAP+S1 gives significantly 
less good results. When aggregated to 25 km 
the performances increase significantly

Better results 
when 
reaggregated to 
coarse 
resolution

Madelon, Rodriguez-Fernandez et al. 2022, 
HESS Discussions
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Planning on field data collection campaigns

• The second soil moisture experiment in the Luan River basin was under planning, and it will focus on the soil 
moisture and vegetation optical depth retrieval over forested areas.



Academic exchanges

• Chinese Ph. D student Jingyao Zheng was visiting CESBIO 
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