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lonospheric monitoring activities with
RO measurements

« on EPS Metop-A/B/C ...
e _..and on future EPS-SG

E-Es layers detection with Metop-B and
Metop-C RO observations

Processing of RO truncated ionospheric
measurements into Ne(h)

Validation of ionospheric products



GRAS on Metop-A ionospheric extension experiment

www.eumetsat.int

Thanks to Metop-A end-of-life technology test campaign in summer 2020

Extension of GRAS Radio Occultation measurements on board Metop-A from 80 km to 300 km and
600 km

Production of

= dual frequency (GPS L,/L,) Bending Angles (high res [few m] / thinned [1 km])
" dual frequency, high rate (50 Hz) ionospheric Scintillation Indexes (S,/c,)

from GRAS without impacting neutral atmospheric occultation data provision to our users.

Thus dataset has been provided for a validation activity (EUMETSAT study GIMA, see talk just given
by M. Hoque et al.). It can be made available on request. Pls contact


mailto:radio.occultation@eumetsat.int

GRAS on Metop-B/C

www.eumetsat.int

* Metop-A was deactivated and start deorbited in November, 2021 but...

* ... EUMETSAT has extended 1onospheric monitoring capabilities to 300 km have been
activated on both

* Metop-B (01/02/2022, Occultation mode activated at 13:19:00 UTC)
* Metop-C (02/02/2022, Occultation mode activated at 13:51:25 UTC)

* Plans to provide operationally i1onospheric Level 1 products in Q4-2022 (Near Real Time)



RO products on ionosphere monitoring / space weather

Radio Occultation products in Ionosphere

Level 1 products

(@ EUMETSAT

Dual frequency
 Carrier phases / SNRs

* Bending angle profiles

* Amplitude and phase
scintillation profiles

Level 2 products (for EPS-SG)
@ ROM-SAF (EUMETSAT)

* Electron density profiles

* Amplitude and phase
scintillation profiles

.Bllnd ared

www.eumetsat.int

Topside TEC

(prototype @
EUMETSAT)

(adapted from Lyu et al. 2019)




& GRAS on Metop-B/C: ionospheric occultations distributions

Observations from February / May 2022
Iono occultation geolocation at 250 km SLTA
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GRAS on Metop-B / C ionospheric measurements
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Latitude

GRAS on Metop-B / C: E-Es layer detection (06-22/05/2022)
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Latitude

Latitude

GRAS on Metop-B / C: E-Es layer detection (06-22/05/2022)
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lonospheric capabilities with RO Instrument on EPS-5G

www.eumetsat.int
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@ 200 / 250 Hz
L R m————" ESeS————— LR b L bkt iy i
CL
pilot&data
o Signal | Frequency | Constellation
pilot&data L1 C/A 1575.42 MHz GPS
narrow : L1C (d, p) 1575.42 MHz GPS
SU L5(, Q) 1176.45MHz GPS
- s El (b c) 1575.42MHz Galileo
ESa (I, Q) 1176.45 MHz Galileo
We are planning to provide also B1 1575.42 MHz Beidou
* 1 sRINEX from POD observations (GPS/Galileo) B2A S S

° 30 S LEO/ GNSS Precise Orblts and ClQCkS (SP3) Details about 20 on EPS-SG and its products specifications were given during the EPS-SG
(October, 2021).


https://www.eumetsat.int/eps-sg-radio-occultation
https://www.eumetsat.int/eps-sg-resources

. dealing with RO ionospheric truncated measurements

\4

Blmd ared (from Lyu et al. 2019)
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www.eumetsat.int
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CHALLENGE!!!

Retrieval of N, (h) profiles from “truncated”” Radio Occultation ionospheric measurements.

3 different techniques have been developed:
- AVHIRO: Abel Vary-chapman Hybrid Ionospheric RO technique (Manuel-Hermandez Pajares & UPC/IEEC

team)



AVHIRO (Abel Vary Chapman Hybrid lonospheric RO technique)

 Vary-Chap®™ is a Chapman model with a linearly increasing scale height, defined by four o eumetsatin
parameters (NmF2; HmF2; H, and dH/dh).

AVHIRO®™ provides a solution to the system of equations which defines the slant TECS in the
illumiated area as a combination of

 peel-onion like representation in the light blue area (linear in Ne(h))

*  Vary-Chap representation in the blind area (non linear in Ne(h))

AVHIRO-2: slant TEC in the blind region
(S,) is pre-computed integrating the electron ', B e

density accordingly to the Vary-Chap model, LEC' GPS
given a grid of realistic set of (NmEF2;

HmFE2; H, and dH/dh) values (defined by
the empirical GRID2EDP®™) model). A
Linear Least Squares solution 1s computed

from Abel equations after subtracting S, from
the observations

() G. Olivares-Pulido et al. “Alinear scale height Chapman model supported by GNSS occultation measurements”. JGR: Space Physics 121.8, 2016.
(™) H. Lyu et al. “Electron density retrieval from truncated radio occultation GNSS data”. JGR: Space Physics 124(6), 2019.
(***) M. Hernandez-Pajares et al. “Optimization of the Abel Vary Chapman Hybrid lonospheric Radio Occultation (AVHIRO) technique”. Beacon Satellite Symposium, 2022.



Geocentric distance / km

AVHIRO (Abel Vary Chapman Hybrid lonospheric RO technique)

www.eumetsat.int

dNe(Bias,StDev,RMS)/10{10}m"{-3}=(2.71,1.15,2.94), (RelErr,Nvoxels)=(6.25%,19) Considering 3469 COSMIC observations, AVHIRO-2 Ne(h)
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Input 2-freq RO GNSS carrier phases + LEO/GNSS POD




.. dealing with RO ionospheric truncated measurements
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CHALLENGE!!!

Retrieval of N, (h) profiles from “truncated”” Radio Occultation ionospheric measurements.

3 different techniques have been developed:

- Adaptive topside ionosphere/plasmasphere model technique (Mainul Hoque & DLR Team)
(see Assessment of GRAS ionospheric measurements from Metop-A end-of-life testing campaign, talk given by M. Hoque et al.).

- 1D Vanational assimilation of 1onospheric bending angles profiles (Sean Healy / Ian Culverwell)

(see A one-dimensional variational ionospheric retrieval for truncated GNSS Radio Occultation measurements, talk given by S. Healy et al.).



DLR Adaptive topside ionosphere/plasmasphere model technique vs 1d-var

www.eumetsat.int

1d-Var assimilation of
Bending Angles

Adaptive Topside
ionosphere/plasmasphere algorithm
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lonospheric product: Validation

www.eumetsat.int

GIMA: Assessment of GRAS Ionospheric Measurements for ionospheric model Assimilation

* Details are given by M. Hoque et al., in his talk: “Assessment of GRAS ionospheric measurements from Metop-A
end-of-life testing campaign’
*  Quick summary....
 Scintillation indices and bending angles: good agreement with co-located COSMIC-2 and Fengyun-3D
profiles;

* Improved monitoring of scintillations due to (a) higher sampling rates and (b) enhanced coverage of low and
mid-latitude regions during sunset/sunrise;

« EUMETSAT Topside TEC: small satellite-dependent bias, but otherwise good agreement with independent
observations and tomographic analyses;

* GRAS electron density profiles (from DLR technique): good agreement with independent products, in
particular when the ionospheric peak density 1s covered by the measurements;

* Topside TEC and raw zenith measurements: consistent positive impact in two independent tomographic data
assimilation models of the 1onosphere, despite topside TEC biases.
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Thank youl!

ot o Questions are welcome.
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