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GNSS radio occultations brief G RMOM SAF

Refractivity Obs -Bgr "'7' mperatu rom-saf.eumetsat.int
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@ ROM SAF CDR v1 + ICDR v1 @ ROM SAF

rom-saf.eumetsat.int

CDR v1: Spans 2001 to 2016, released 2019 ERA-I + ERA5 background, ECMWF
CHAMP, GRACE, COSMIC-1, Metop A/B background uncertainty
I-CDR v1: Spans 2017 to 2026-03 Metop A/B/C 2% refractivity uncertainty assumption
Level 2 (profiles) and Level 3 gridded by Vinicius Barbosa is going to say more
latitude — Copernicus C3S about ROM SAF CDR1

EUMETSAT ROM SAF

GRM-29-R1

doi:10.15770/EUM_SAF_GRM_0002
doi:10.15770/EUM_SAF_GRM_0006

CRomsar e
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@ ROM SAF CDR v2 + ICDR v2 @ ROM SAF

rom-saf.eumetsat.int

To be released in 2026 Q3/Q4 3CH em_plrlcal estimation of r.efract|V|ty
uncertainty and error correlation

CHAMP, GRACE, COSMIC-1,

Metop A, B and C ERAS background

Empirical estimation of background

R moothing in tr her . .
educed smoothing in troposphere uncertainty and error correlation.
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e Empirical error covariance estimation G ROM SAF

rom-saf.eumetsat.int

| RO refractivity profiles || GRUAN refractivity || ERAS5 forecast refractivity |
e ! %%

\Generalized Three Cornered Hat\

1

‘ Refractivity error covariance matrix, R‘ “

{ ]Consistent Rand B
‘ A

‘ Iterative background error covariance, B, estimate

T ) T
| Background (T, g, pstc) || GRUAN (T, q) ||RO (Tay)
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e Empirical error covariance estimation G RMOM SAF

rom-saf.eumetsat.int

choice of background profiles, x;, = (T, q, psc ), defines the 1D-Var algorithm

generalized three cornered hat (3CH) is used to estimate refractivity and background
temperature error covariance matrices: amt.copernicus.org/articles/15/6243/2022/

the procedure includes extrapolation of the temperature uncertainty in lower
troposphere when 3CH fails

empirical error covariance estimation closes the uncertainty budget

9th G-VAP Workshop, 22-23 April 2026 The ROM SAF humidity products 9


https://amt.copernicus.org/articles/15/6243/2022/

e Averaging Kernels G ;'ESRII SAF

rom-saf.eumetsat.int

The averaging kernels are derived from R, B and H
A— (ATT ATq)
Aqr Agq
Specific humidity trend expanded on averaging kernel:

dq dq LA at A dTyg
dt gt 9 g DT g

Aqq & - 9eophysical g trend projected on averaging kernels

dqbg
9 dt

=Agq—; +(I—A)

AqT 4t - 9geophysical T trend bleeding into q trend through averaging kernels

—Agr d(Tﬁ : background T trend bleeding into q trend through averaging kernels

(I —A)gq % : background q trend bleeding into q trend through averaging kernels
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Averaging Kernels

Temperature response, High_Setting

5 Sensitivity to temperature

5 Sensitivity to sp. humidity

Sp. humidity response, High_Setting

5 Sensitivity to temperature
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Averaging Kernels for high latitudes, setting occultations.
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Averaging Kernels G ;'gsﬁl SAF

rom-saf.eumetsat.int

Sp. humidity response, Mid_Setting Sp. humidity response, Low_Rising
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Averaging Kernels for mid and low latitudes.
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@ RO specific humidity versus GRUAN @ ROM SAF
_Mid Low rom-saf.eumetsat.int
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RO is 0-10% dry where 1D-Var has sensitivity
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& ROM SAF CDR v3 @ ROM SAF

rom-saf.eumetsat.int

Scheduled for 2030 ERA de-trended background, to enable

Under development trend detection

CHAMP, GRACE, COSMIC-1, Metop A B Same procedure as in CDR v2, for
C, EPS SG, Sentinel 6, COSMIC-2, empirical error covariance matrix
commercial missions estimation
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@ Stability @ ROM SAF

rom-saf.eumetsat.int

To avoid background trends to bleed into the retieval we apply a correction to x?, such
that there is no drift in monthly averages throughout the time series:

x8 = xP + monthly mean (all years) — mean of month (in the particular year of x°)

x4 is then used as background.
Unfortunately this will lead to an attenuation of the geophysical trend in the retrieval.

di‘ =(1- a)@
a dt
The intention to (try to) estimate o at GRUAN sites.
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@ Status of ROM SAF specific humidity CDR & ROM SAF

rom-saf.eumetsat.int

I Correction for sampling errors in Level 3 production (CDR v1)
I Empirical estimation of error covariance matrices (CDR v2)
0 De-trending background fields before 1D-Var (CDR v3)

O Understand boundary layer biases (CDR v3 ?)
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EUMETSAT

@ G-VAP discussion: Multiple RO CDR products? @ ROM SAF

rom-saf.eumetsat.int

centres differs in choice of method

should we choose on a “canonical” data-set?

the algorithms can be designed with different purposes

Upperai temperature rends
P -

for IPCC AR6 multiple temperature trends were reported:

g8 888 R &8 ©
88 8888 8
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EUMETSAT

@ ROM SAF
ROMSAF CDR v2 is based on
empirically determined error
covaraince estimates
| 2

rom-saf.eumetsat.int

Radio occultations are dry (0-10%),
compared to GRUAN, at all altitudes

ROM SAF CDR v 3 is being developed
out of a strategy for trend-detection

RO humidity has matured to be a CDR
candidate

There is some work to do with

evaluating and presenting outputs from
9th G-VAP Workshop, 22-23 April 2026

multiple centres in a coherent way
Thanks
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Dan



	GNSS radio occultations brief
	The ROM SAF humidity products
	ROM SAF CDR v1 + ICDR v1
	ROM SAF CDR v2 + ICDR v2
	ROM SAF CDR v3
	Stability

	G-VAP discussion: Multiple RO CDR products?

