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Outline esa

 The ESA Scout HydroGNSS Mission

* Impact of GNSS-R Observations over the Ocean in a Numerical
Weather Prediction System

« Summary
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GNSS-R on HydroGNSS Mission

> First ESA Scout small satellite mission

» Two Sats, launched Nov 2025, undergoing commissioning

Primary Objectives: Soil Moisture, Freeze/Thaw,
Inundation, Biomass

o

« Secondary products: ocean winds, sea ice e
HydroGNSS targets Essential Climate Variables (ECVs):
extent Paoboa ol i o= ¥
+ Biomass — mass of trees and vegetation
* Soil Moisture — water presence in soil

- Wind Speed Product: L2 trackwise, uncertainty
of ~ 2 m/s for winds up to 20 m/s, resolution 25 i
km

« SSTL leading the Consortium and in charge of
the development of the whole system

Innovations

* National Oceanography Centre (NOC) in charge . ppMs from Galileo Signals

of the L2 wind speed product . Second frequency, L5/E5a

- Fastest delivery of L2/L3 products is within 1 - Dual Polarisation - Left and Right Hand
week of measurement, but potential to reduce to Circular DDMs
3/6 hours (TBD with SSTL) « Coherent complex channel
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Mission Status

ost launch plan
ominal Dates: Nov-25 Dec-25 Jan-26 Feb-26 Mar-26 Apr-26 May-26 Jun July

hase E1 ﬁ | | | | | Phase E2...
Launch=L L+6 Service Commences
ydroGNSS Meetings SRL 7 I0CR

Dps Check-out | X/M | Check-out cont. Orbit raise /pha/e/_\

Co-L Collect (3
al/Val Phase Collect (1) A CoIIect(Z) 7 .ec (3)/
= Opp - Trial Ops
outine Operations ‘ [ Routine Operations

1 Validation Verify Settings L1 Validation Rprt

2-13 Validation L2 /L3 Validation i Rprt FT & FB L3 Validation
CDB Training OP Training AN

elease Beta Data Beta L2/L3

pperational Release Operational Data Release

IlAG Meetings / WS |SAG#16 [ Workshop (Sept) |

« |OCRis final review of Phase E1 - mid-July, workshop likely to be in late September

» Routine data (Delay-Doppler Map) collection using nominal settings has started on 9t April

* Products are provided as NetCDF files, via SFTP setup by SSTL, responsible for distributing the data to users
« Data publicly available after IOCR
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Impact of GNSS-R over the Ocean in NWP Systems esa

« What is the impact of GNSS-R ocean data when added to the operational observing system? - Potentially
inform GNSS-R data buy

CYGNSS Wind Speed

* Project spans 3 years — ends December 2026 (on track)
« Partners:

National Oceanography Centre (NOC): provision of a
calibrated level 1 dataset (GNSS-R expertise)

Spire: provision of a level 2 dataset (GNSS-R expertise)

ECMWEF (PI): forward model development & assimilation of
level1 “sigma0”

5 10
Wind Speed (m/s)

Met Office: assimilation of level 2 windspeed product

« Assimilation experiments with CyGNSS data to ensure sufficient
data volume

Met Office

« Compare impact in Met Office and ECMWF systems .
- ECMWF and Met Office also assessing the quality of Spire data A Spll'e
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ECMWF Machine Learning Ocean GNSS-R Forward Model oesa

ECMWEF developed an ML-based GNSS-R Normalised Radar Cross Section (NRCS) forward model
Model trained on CyGNSS-8 but applicable to all satellites. Standard deviation of the CYGNSS-2 departures is

| ModelElements  Deseription A GYGNSS-2 24 Nadks, mae, Trabrdon ygh sarpe
Model type Sequential Sl (T
Number of layers 1 input, 1 output and 2 hidden 1000000
Type of hidden layers Dense 30 4 188880
Number of nodes 24 for each hidden layer 1000
(other number of nodes were tested) 100 o
Activation function Rectified linear (ReLU) for training; and %25 i 150
Hyperbolic tangent (tanh) for implementation (‘; 50
Input layer Input nodes are: Ooo | M1
. . X
- 10-m neutral equivalent windspeed 0 20000
= xxxxxx
=
- Charnock Parameter 5:15 |
- Latitude and longitude 43102188
an Obs 13.276
- Specular incidence angle 10 - Mean Model 13.359
ekl Bias (Moq-Obs) 0.084
- Antenna (port or starboard) St Dev Diff 1.498
; el
T orr Loe B
Output layer 1 node for a9 Symm Slope  1.001
Loss function Optimisation of mean square error (mse) ggg gﬁ; g-ggj
1 1 1 1 0 T T T T T T T -
Optimiser Stochastic gradient descent (SGD) 5 E 1 i 20 P 30 35

_c ECMWF NOC NBRCS (dB)
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GNSS-R Forward Model: Departure Statistics

- Statistics computed for all satellites for 2024 data

« Use a sigma0 uncertainty model as a function of windspeed/Charnock parameter in assimilation

3 Uncertainityy = SDD |
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Summary & Outlook

» Status of HydroGNSS:
* |OCR in Mid-July and dedicated workshop in September
« data publicly available to users after IOCR, via SFTP, in NetCDF format
* Ocean Surface Wind Speed secondary product from L1(GPS)/E1(Galileo) reflections, plus possibility to
exploit the new L5/E5a signals
« Nominal timeliness is 1 week, but possibility to bring it down to a few hours

« Status of GNSS-R Impact Study over Ocean
Recalibration of L1 data, rederivation of L2 wind speeds and forward model development completed
Analysis of Spire data has started
Currently preparing the integration of NN forward operator into the NWP system

Some modifications of the SCAT sigma0 code to be completed Thank yOU'
MetOffice Preparing for L2 wind speed DA Experiment .

mariapaola.clarizia@esa.int
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NOC Estimate (ddm_nbrcs)

NOC Calibration

N o =
« NOC Approach to calibration of CYGNSS data E 135
h= 12 g
based on building LUTs of bias corrections, = "
functions of transmitter/receiver geometry and 10
H -50 | I I I I I |
GPS Satelllte -150 -100 -50 0 50 100 150
Longitude [deg]
* Results are compared to CYGNSS SDR v3.2 data
NASA Estimate (ddm_nbrcs)
50 16
Monthly means for all spacecrait L.
16 ; . : . Monthly standard deviations for all spacecraft
—+— NOC uncalib/modelled 31 ‘ ‘ ‘ i i - 15
15.5 | — & NOC calib ] ——NOC unc'alib/modelled 80 —
~© NASA calib 3 —+—NOC calib = g
NASA calib o 14 —
15, -~ = e — — 59 E 0 g
— ¥ ) = o
%14.5 %2.8 E 13 4
;; 147 | E 2.7
§ o f 2'6 -50 | | | | I | | -
: ~Ra & -150 -100 -50 0 50 100 150
125 \‘;‘\k — : Longitude [deg]
2.4
12 . . . | | | | | | Composite map of CyGNSS NBRCS for winds speeds
’ b Months of 2024 v S L TR 10 12 (CDS/Copernicus ERA5) of 6 to 8 m/s and for CYGNSS FMO01 in
— January-December 2024: (top) NOC and (bottom) NASA. The mid-
point of the colourmap (green) corresponds to the median value of
each dataset, while the extents (blue, yellow) are determined by
standard deviations in each product. .

= g IE e I E S S S o B e B SR IEE = oem im 4 > THE EURGPEAN SPACE AGENCY



Adapting the Forward Model to Spire Data: First Look @esa

« Spire GNSS-R L1 and L2 data will be ingested in the Trained March 2024 data, validated on May 2024 data
. 40
ECMWEF and Met Office NWP systems and 500000
: - - - - 50000
monitored passively (no weight given in the 25 1 0000 =
assimilation system) L . =
30 100
o 50
- The“observed minus background” (o-b) departure S| W o
_ . . O g -
statistics will be produced in both NWP systems & L
220 -
pd
Z - x
« They will be compared with the corresponding 15 4 4144952
statistics produced for CYGNSS data Mean Model 17533
10 Bias (Mod-Obs) 0.062
St Dev Diff 2.027
1.4826 * MAD 1.330
5 Corr Coef 0.696
Symm Slope 0.998
Reg Coef 0.509
0 Reg Const 8.645
0 5 10 15 20 25 30 35 40

Spire NBRCS (dB)
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Sigma0 vs Wind Speed

CYGNSS-08, 2024, NOC CYGNSS-8, 2024, ANN: 2 hl, 24 n, w10n, i_ang, ant, lat-lon, chnk
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