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https://www.romsaf.org/Publications/reports/romsaf_vs39_rep_v10.pdf
https://www.romsaf.org/general-documents/rsr/rsr_42.pdf

Outline

* Truncated GNSS-RO ionospheric retrieval problem

* 1D-Var method (eventually) using bending angles

« Some examples usingCOSMIC and Metop extension data

* Comparison with UCAR retrievals for COSMIC-2

* Discussion
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Truncated retrievals

« EUMETSAT's EPS-SG will measure to ~500 km altitude

— Difficult to apply the standard Abel transform electron density retrieval with this
truncation

* New approach developed in ROM SAF has been published

— Lyu, H., Hernandez-Pajares, M., Monte-Moreno, E., & Cardellach, E. ( 2019).
Electron density retrieval from truncated radio occultation GNSS data.
Journal of Geophysical Research: Space Physics, 124, 4842— 4851.
https://doi.org/10.1029/2019JA026744

« ROM SAF also tasked with investigating a variational approach
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Initial approach

EPS-SG GNSS
-

Forward model, y = H(x), simply computes the L1-L2 delays
associated with straight line path(s), s, between, the GNSS
and EPS-SG. The forward model, H, would integrate,

y; = kj(n(x) —1).ds

where k is a constant, n is the refractive index and the
vector, x, contains parameter that define a VaryChap
ionosphere.
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Altitude [km]

VaryChap defined by 4 params
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Assume a 1D ionosphere can be written as a sum of “n” VaryChap layers
Forward model the y(:)=(L1-L2) delays

1D-Var: Adjust these VaryChap parameters to fit the vector of (L1-L2) delays
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Integral in forward operator, H(x)
« Could compute the integral along the path (a = impact parameter)

s=[ [+ [ T

« But didn’t know what to do about phase ambiguity in S. Thought about
estimating it as part of the retrieval, but we then tried

T,

___ne(n)a 7=
j_z__\/(,%:asl)_'_a[ +-[ ]\/(r2 a?)
l_'_l

LI t

« Aterm relating to electron density at the LEO + bending angle

« Used in one form of Abel transform! (Schreiner et al, 1999)
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Early example: COSMIC, Single Vchap layer

d(sTEC) retrieval - ti.11 261 1220 13 37323 6
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~bending angle
_ AVHIRO: See Lyu et al ( 2019)
Note, only use bending angles 150 km to 500 km https://doi.org/10.1029/2019JA026744
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Metop extension data with ROPP 11 code

GRAS_1B_M02_20200801011753Z_20200801012334Z_N_T_20210507121701Z_G22_NN_iono.nc

L2 (blue), L1 (green), L2 = L1 (black) Difference: L2 —L1* (f1/f2)
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Used bending angles (microradians) Electron density (m-3) 1€ll

« 2 VChap layers. Loose background constraint. Geometrical optics bending angles

* Only use bending angles between 150 km and 500 km impact height

— Can’t reproduce E layer structure
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Impact height {km}

Impact height {km}

Two further examples

600 LZ {blue), L1 {green), L2 — L1 (black) 600 Difference: L2 —L1* (fl/f2)* 600 L2 (blue), L1 (green), L2 — 1-1 {black) 600 Difference: L2 —L1* (F1/f2)?
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Used bending angles (microradians) Electron density (m—3) 1€11 Used bending angles (microradians) Electron density (m—3) 1€1l

Don’t have problems with electron density going negative. By construction.
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Statistical analysis applying 1D-Var to COSMIC-2 data and comparing
with UCAR retrievals

https://www.romsaf.org/Publications/reports/romsaf vs39 rep v10.pdf

Compared with COSMIC-2 retrievals from 2020 and looked ionosonde
departure statistics

Table 4.1: Number of COSMIC-2 profiles analysed

Total occultations 1,838,920 100.0%
Of which have associated profiles 966,358  52.5%
Of which have nearby ionosonde observations 10,935 0.59%
Of which do not contain obvious autoscaling errors 10,612 0.58%
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Looked at sensitivity of 1D-Var to number of Vchap levels

Table 4.2: Statistical performance of retrieving NmF2 and hmF?2 from the 1D-Var compared

with COSMIC-2
1D-Var
COSMIC-2
I Layer 2 Layers 3 Layers 4 Layers
NmF2 7.0% -14.8% -10.6% -5.3% -4.2%
hmF2 2.6% 1.3% 0.7% -0.1% -0.1%
140 - COsMIC-2
F2 Layer
FZ2+F1l Layers
120 F2+F1+E Layers
F2+Fl+E+Topside Layers
100
E BO 4
o
£ 504
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0 r — —
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Summary

* EPS-SG will measure up to 500 km

 This truncation makes it difficult to apply the standard Abel transform
solutions to retrieve ionospheric electron density profiles

 ROM SAF has developed an ionospheric 1D-Var approach

— VaryChap parameters are adjusted to fit (L2-L1) bending angle profiles (single
frequency seems to work — not shown)

 Tested with COSMIC and Metop extension data (See also Hoque talk at
14:20)

- Statistical analysis of ionosonde departure statistics compared with
COSMIC-2 retrievals suggest comparable performance — possibly better with
three layers

* Implications for use of RO data in ionospheric DA system — try assimilating
bending angles?

* lonospheric 1D-Var code available in ROPP 11
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Impact height {km}

Impact height {(km)

Extra: single frequency

L2 (blue), L1 (green) bending angles

Difference: L2 — L1 * (fl/f2)?
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L2 (blue), L1 (green), L2 — L1 (black)

Difference: L2 — L1 * (fl/f2)?
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