Updates on the EUMETSAT Occultation
Prediction Product and Introduction of a
> new reprocessed GRAS Data Set

B A.von Engeln, C. Marquardt, Y. Andres, R. Notarpietro, L.
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e EPS:

e 2018 Completion of the “Constellation”: Metop-C

e QOccultation Predictions

 Reprocessed Data Set of > 10 years of GRAS / Metop-A and -B
e EPS-SG:

 QOverview

e Jason-CS:

e Qverview
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EPS: “Constellation”™ Completion

e Metop-C
e Launch planned, 19 September
(00:47 UTC, 02:47 CET)

18 September (21:47, Kourou local time)

* Will become prime satellite
after commissioning

e Transition with EPS-SG

Tri-star configuration
(during commissioning, TBC after)

 Metop-B
 Present prime satellite
 Will become secondary
satellite
e Metop-A
 Additional operational
capacity, but in drifting orbit Nominal Indimation 56.7 dearees (arth = 90 degree)
° Untll end Of Iife/de-orbiting "'end Nominal Local Time of Descending Nodes (LTDN) 9h30
202 1/ear|y 22 Slide by M. Luger/R. Evans, EUMETSAT
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EPS: Occultation Prediction

4

Background:
* initially in-house development, provided on demand
« since June 2017, provided as “best effort / semi-operational” service; see also: :
« provided for all Metop, GRAS instruments (thus including Metop-C from September)

Status:
« providing all possible occultations over the next 14 days, plus the sub satellite points
 daily generation, usually provided within first 6h of the day
« noted 10 day interruption in Jan 2018, otherwise continuous provision
 but generally about 80+% are actually observed by GRAS instrument

Next Steps:

« work on more robust, operational provision, currently exploring options (a
complication is the “unusual” daily delivery, all other EPS products are provided as
quickly as possible, within e.g. for EPS a 2h 15min timeliness)

« work onimproved prediction quality indicator:

« identifying cause for GRAS failures and flag those, err on the side of caution

« removing very short occultations (are currently marked with quality = 0 already)
 include GNSS and LEO maneuver (and campaigns) where possible

o further analysis instrument vs. predictions to understand limitations

 further analyze the actual GRAS data quality vs. the prediction
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https://www.eumetsat.int/website/home/News/DAT_3514808.html

EPS: Occultation Prediction: Reminder

Metop-A PRN Matches (red: no match), Fct Start: 2016-11-24 30Ic\)lletop—/f\ Distance Difference OccPre-OccGRAS, Fct Start: 2016-11-29
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(left) Example of GPS occultation prediction matches against GRAS observations over the 14 day
prediction period (on average about 85% or predicted also observed by GRAS);

(right) generally high accuracy in reference position prediction achieved, but LEO and GPS maneuvers
iImpact the predicted occultation location accuracy; small LEO maneuver impact (on day 9) visible for
each GPS satellite towards the end of prediction period (small ripples); large impact of GPS PRN 08
and 17 visible for these GPS satellites.
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EPS: Occultation Prediction: Quality Indicator

Metop-B Forecast Quality, Fct Start: 2018-03-05
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Example of GPS occultation prediction quality, separated for setting/rising and for those actually
matched/unmatched, over the 14 day prediction. Current quality setting are based on:

* reduced quality over time (linear, by 30% over 14 days)

 occultation is on the edge of the occultation antenna

» Note: setting/rising not separated, though obvious that this impacts predictions

* Note also: this is an example with 2 GPS satellite outages, thus quality indicator rather poor
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EPS: Occultation Prediction: Reassessing Failures

Recent prediction vs. actual observations separated in setting/rising and per GPS PRN (left)
and failures per GPS PRN (right)

GPS Predlctlon Fallures per GPS PRN FCt Start 2018 03 05 Metop-B PRN Matches (red: no match) Fct Start: 2018-03-05
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Fairly large difference between rising and PRN 17 also with few occultations predicted
setting for some satellites, e.g. PRN 17
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-> indicates rising occultations more difficult to track when generally low number of
predictions are made for a certain GPS satellite
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EPS: Occultation Prediction: GPS Plane Investigation

Recent prediction vs. actual observations separated per GPS Plane over latitude and
longitude (left) and histogram of predictions per GPS plane (right)

-> indicates certain GPS planes have only observations at certain latitudes, e.g. Plane F,
likely due to unfavorable geometry. This can be used as additional quality indicator,
flagging in particular rising occultations within this geometry.
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EPS: Reprocessed GRAS Data: Setup

e reprocessing of GRAS
 GRAS v1.4 reprocessing finalized (Metop-A and -B up to 2016, shown here);

* Internal GRAS validation done; validations of / against:
e Orbit, Setting/Rising, AM/PM Wobble
« ECMWEF ERA-I (GRAS later assimilated, has however no discontinuities)
« UCAR GRAS data (metopa2016 stream — direct match)
e COSMIC data (cosmic2013 stream — 3h, 300km match)
-> Selected Examples shown
e Long term trends:
» using neutral bending angles directly
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EPS: Repro GRAS Data: Set/Ris Diff

Metop-A GRAS reprocessing v1.4 (O-B)/B
of setting vs. rising difference [%] . Top
left: at 5km impact height ; top right: at
10km; bottom right: at 40km.

Note: total difference out of colour scale
for top left.
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EPS: Repro GRAS Data: ERA-I
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EPS: Repro GRAS Data: Matches GRAS
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EPS: Repro GRAS Data: Match Long Term
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EPS: Repro GRAS Data: Matches GRAS/COSMIC
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EPS: Repro GRAS Data: Trends at 20km
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EPS: Repro GRAS Data: Trends at 50km

O/0 GRAS Robust norm. Mean (50km, Ave: 7.0d)

0/0_[1]

Stadet [

) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Time:

7

0/O_ GRAS Robust norm. Sigma (50km, Ave: 7.0d)

Reprocessing v1.4 trends at 50km,
data averaged over 7days; (top) bias,
(middle top) standard deviations,
(middle bottom) weight, (bottom)
number of occultations per interval,

Slgma;'om 1

separated for different latitude bands.
0 ‘OmeGHASiRobustWI:l;hts(SOkm,/\lve:?.Dd) i . . Note bIaS, Standard deV|at|On

E% R NN AN TR normalized to average value at this
= g PR TP G AR e | “ i Pl % altitude. Trend simple robust line fit,
N R'A'%hLLa‘SS%H(_(O"’fT%%zﬁ”‘@}g gﬂ '1{' Y VAT L"'uf IR take with caution.
£ oo Fow-Lats (0.175 %/10years) “ I f =

§ High Lats NH (2.297 %/10years) é

GRAS#Obs (SOkm Ave: ?Od)

J"‘J 4| WVNJ\ /\/\;\”‘ M A/\/ \’\f‘w\w”w\hm’c\f\\,_,m VM P\ v f‘ﬂ_m/-\f\f\f\ﬂ:

1500~[\
f\ N\ A
mm;”vﬂ wrfll W W “' WA 'Vﬁm f KWH‘\' Iv\’m\\ WA J\\,\ M\”‘ W U WAV

500

@ ]
5 - N
5 Lk
2 .
@ [ 4
2 4
8 | .

0 s L " L L L s s L L
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Time

16  GRUAN ICM-10, April 2018, Potsdam, Germany G EUMETSAT




EPS: Repro GRAS Data: COSMIC at 20km
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Reprocessing cosmic2013 trends at
20km, data averaged over 7days; (top)
bias, (middle top) standard deviations,
(middle bottom) weight, (bottom)
number of occultations per interval,
separated for different latitude bands.
Note bias, standard deviation
normalized to average value at this
altitude. Trend simple robust line fit,
take with caution.

Highly varying number of occultations over
period
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EPS: Repro GRAS Data: Trends?

(left): Reprocessing v1.4 bending angle trends
for 10yrs of GRAS / Metop-A data, after
seasonal correction (top); ERA-I bending angle
trends at GRAS locations, after seasonal
correction (middle); ERA-I temperature trends at
GRAS locations, after seasonal correction
(bottom). Note: no sampling correction applied.
(bottom): detection time of trends (purple
>40yrs)

Impact Height [km]

Impact Height [km]

Geometric Height [km]
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EPS-SG: Overview: Satellites Deployment Schedule

2012, 2014 201 2018  202Q 2022, 2024, 2026, 2028 ~ 2030, 2032, 2034, 2036, 2038, 2040, 2042
Metop-SG Al
A Metop-SG Bl
2021
2022 Metop-SG A2
A Metop-SG B2
2028
2029 Metop-SG A3
A Metop-SG B3
2035
2036

Satellite nominal lifetime: 7.5 years (9.5 years extended)
Satellites will be actively de-orbited Glice by G. Kayal, EUMETSAT. modificd
All carry RO instrument, GPS + Galileo ( ).
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Sentinel-6/Jason-CS: Background Altimetry

Slide by F. Parisot, EUMETSAT
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Summary / Future Steps

« EPS:
 Metop-C launch in Sep 2018, expect several years of 3 Metop coverage
« occultation predictions: 14 days in advance, targeting e.g. sonde launches,
working on forecast quality improvements, will include all Metops (and also
plan other EUM missions once available). Quality improvements ongoing.
« 10 yrs+ GRAS reprocessed data: showing highly consistent, high quality

data, currently needs EUM agreement for release; other missions ongoing
» will be further processed by ROM SAF for refractivity, temperature, water vapor, available
~Q3 2018

e EPS-SG:

e firstlaunch in 2021 timeframe, 6 satellites all with RO

e Jason-CS:

« Altimetry main focus of mission, first launch in 2020, 2 satellites with RO
« RO NRT (3h) service by JPL, RO NTC by EUMETSAT (and JPL?)
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