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Topics

1. Maintaining and upgrading the operational assimilation

of geostationary radiances at ECMWF
2. Further exploiting the geostationary window channel

3. Assimilating a denser set of geostationary observations,

both spatially and temporally
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Geostationary radiances used (February 2021)

ECMWF data coverage (used observations) - GEOSTATIONARY RADIANCES
2021022521 to 2021022603
Total number of obs = 93961
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A very busy period for operational GEO changes (1/2)

Re actlvatlon Actlvatlon
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GOES-16 change
from v2r0 to v2r1




A very busy period for operational GEO changes (2/2)

" Added GOES-17 | ,
GOES-16 blackout Mode-3 (15min) Anomalous I Met-10 swap
(data transmission to standard GOES-17 ASR I with (replacing)
issue) . Mode-6 (10min) data received I Met-11
..2022 | 2023
8-21 April 19 May, 1, 7 June 8,12,13 Dec| 5,9,12 Jan 27 July
24-25 April 29 April 3-4 Sept : 21,23,29 March
(v ES-17 ) Met-9 |
ggRS replacing | GOES'18 replaCing
blackout Met-8 Himawari-9 ' | GOES-17
lacing |
(caused by xSkl :
_instrument) e (CY48R1 )
, bugs
: affecting
, Met-10/9
: \ASR fixed Y,
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Timeline of transition from Met-8 to Met-9 for the |IODC

https://www.eumetsat.int/meteosat-9-takes-over-IODC-service)

Starts passive Stop ingestion Starts active
monitoring of Met-9 of Met-8 ASR assimilation of Met-9
ASR in operations in operations ASR in operations
10 May 2022 ¢1 June 2022 7 June 2022
19 M ay 2022 ECMWF data coverage (used observations) - GEOSTATIONARY RADIANCES
Tota number of obs - 143638
[ \ @ METEOSAT-9 (20380) HIMAW ARS8 (26701) METEOSAT-11 (20881) ¥ GOES-16(34391)

Parallel stream of
Met-9 ASR data is

made available

Meteosat-9 took over Meteosat-8 as
the prime satellite for Indian Ocean
Data Coverage (I0ODC) service

- J
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https://www.eumetsat.int/meteosat-9-takes-over-IODC-service

Fit to observations of Met-9 vs Met-8 (10-31 May 2022)

Instrument(s): NOAA-20; NPP - ATMS - TB  Area(s): N.Hemis S.Hemis Trop Instrument(s): AIREP PILOT PROF TEMP - U V
From 00Z 10-May-2022 to 12Z 31-May-2022 Area(s): Europe Japan N.Hemis S.Hemis Tropics
r From 00Z 10-May-2022 to 12Z 31-May-2022
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Background std. dev. [%, normalised] Background std. dev. [%, normalised]
Met9_LBLRTM —_—  Met9_LBLRTM
Met8 Met-8 used KCARTA Met8

100% = NoGEO_IODC 100% = NoGEO_IODC

Met-9 with LBLRTM based RT coefficients presents an improved fit to ATMS and

further improves the fit to winds in the upper troposphere when compared to Met-8
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It was great adding GOES-17, but also a bit tricky

Instrument(s): NOAA-20; NPP - CRIS- TB  Area(s): N.Hemis S.Hemis Tropics 5000 19May-15June2021: 10.8ym channel: N. Obs
From 00Z 21-Apr-2021 to 12Z 17-May-2021
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Looked forward to GOES-18,
launched March 2022,

operational January 2023
https://www.goes-r.gov/users/GOES-17-ABI-Performance.html
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https://www.goes-r.gov/users/GOES-17-ABI-Performance.html

Bias reduction following Meteosat-11 decontamination

01Jan-04Feb2022: Met-11: FGdep 01Jan-04Feb2022: Met-11: N. Obs

15 H=——1 625 20000 —— @25 n

— 7.35 ‘\ — 7.35
1.0 |—— 10.8 {8 & g — 108
— 134 | 13.4

Reactivation
-0.5
-1.0
-15
N » ® AD Al N 99 2 N » O a0 R (A AU W R I\
2 S % % % 0 8 pS S S I I i S
R o o N N N N QO o8 o P S P® P® ® P® P® P P P
UTC Time UTC Time
01Jan-04Feb2022: Met-11: FGdep (raw) 01Jan-04Feb2022: Met-11: Bias Correction
2
--- 6.25 W
--- 735 0.25 l.J‘J'\"
--- 108
1 ——- 134 £ 000 Ay eI <N\
< reduction S )
< = -0.25
g, - WAM’V‘W"A
e S
-0.50
: ; )
®© —_— 6.25
1 o 075 —— 735
-1.00 —— 108
-\—\._\__.—f‘-"'_‘—ﬂ-—\_‘_,_n.,_v'w\- \I\. -— 134
\\ A/‘/
N A\ ® AD Al A 7% ® N I\ N PR A A P2 B »
[ Sl S . ., P . S 4 OV OV ooh VT g0V oo VT gV SFT Qb
OGN LN L N L N LI, LN \ LI LN LN 1 g PN O g '79'13' '2911' g fﬁﬁ' S g

UTC Time UTC Time



Geostationary radiances observations currently
used in operations at ECMWF

T Currently only water vapour
| GOES-18 [ GOES-16 | | Met-10 [ | Met-9 | | channels are assimilated, with
e e, 5 the window channel used as an
additional QC check for cloud

contamination.

_ Instrum. SEVIRI AHI ABI
e \ i ’ ;"""5 - -. : - — ] i & Product ASR CSR
=~ ReplacedMet-11 |1+« | = |
= ' ' since March 2023 '_ '_ '_ '_ — " 6.25um 6.25um 6.15um
- , - - - Active 6.95um 7.00um
Replaced GOES-17 (added Replaced Met-8 || Replaced Him-8
May 2021) since Jan 2023 since June 2022 || since Dec 2022 {-5opm f-3apm f-40um
Data coverage for geostationary radiances used at ECMWF Passive LRI LGS UL
from 9 UTC to 15 UTC on 31 August 2023 13.4pm
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Why is important to Maximise the Exploitation of
Window Channel Radiance Observations from GEO

* Quantifying the surface emission in a scene (with the window channel) assists vertical localisation
and accuracy of the humidity information extracted from the two water vapour channels above.

- The GEO window channel is the only source of information to constrain the full diurnal cycle of skin
temperature in the 4D-Var analysis.

« The GEO window channel will play a key role in the ECMWF coupled SST analysis.

- Later it will be used to similarly constrain land surface temperature (LST) in a coupled land data
assimilation.

« MTG-IRS will provide hundreds of surface sensitive channels so we need to gain experience in their
exploitation

JENY
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GEO Window Channels are similar but with differences

Different Different products
iInstruments

Satellite Met-11/10 | Met-8/9 Him-8/9 GOES-16 | GOES-17/18
Instrument | SEVIRI AHI ABI

Product ASR CSR CSR
Longitude 0.3°W 41.5°E 140.7°E 75.2°W 137.0°W
Central Wavelength 10.8 um 10.45 um 10.30 um
Spectral interval (99% encircledenergy) 1.0 um 0.3 um 0.5 um

SNR or NEAT 0.25 K@ 300 K <0.1K@ 300K 0.1 K@ 300 K

Looking at different Different spectral

regions (oceans) characteristics

p__\ s R
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GEO Window Channel monitoring

19May-15June2021: IR10: FG Departure Mean 19May-15June2021: 10.8um channel: Obs vs FG Mean

Met11(A=0.34)  Mean FG Departure Mean Obs vs FG,.‘ ce =t /N
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Discrepancies shown in GOES-16 vs GOES-17 Met-11/-8 obs jumpiness at sunrise and sunset

How to disentangle the various sources

of bias (RT, observation, model) ? .




How do the GEO Window Channel differences
translate into radiance space Marco Matricardi

Used 3000 vertical profiles and surface conditions from our 137-level
forecasting model to simulate GEO observations with RTTOV

SEVIRI - ABI ABI - ABI AHI - ABI

METEOSAT-11 minus GOES-16 GOES-16 minus GOES-17 HIMAWARI-8 minus GOES-16

M i“hh il WMM ‘MM“ “ mm n il "H

between sensors
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-0.02

The radiative transfer model can correctly simulate the GEO Window channel
observations and is not responsible for the diurnal cycle of the bias
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Reduced jumpiness in the observations at dawn and
dusk following EUMETSAT increased temporal resolution
of the RTM to Met-11 & Met-8 on 21 July 2021

01-20July2021: 10.8um channel: Obs Mean 22July-10Aug2021: 10.8um channel: Obs Mean
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There is still scope for further improvement of SEVIRI in the near future, when moving from

6h to 3h forecast as input data (Arthur de Smet)



-5.14393-3

Coastline pixels with large departures can be removed
by applying a more stringent Land Sea Mask filtering

Operational Config Removing coastlines

(Ism<0.95)

Min = -4.78 Mean = -0.06 Max = 3.41 (23245 points)
Date: 9-29Sep2021_00TST
Sat: Met11 Channel: 10.8pym Param: O-B (K) 5.3

(Ism=0.0)

Min = -4.16 Mean = -0.03 Max = 3.41 (22667 points)
Date: 9-29Sep2021_00TST

5.3 Sat: Met11 Channel: 10.8pym Param: O-B (K)
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.5.3 Sat: Met11 Channel: 10.8pym Param: O-B (K)
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Operational Config

9-29Sep2021: IR10: FG Departure Mean MFB

— GOES17 (A=0.40)
02, 5 10 15 20
TST Hour
Sat N (Ism>0) Total % (Ism>0)
Met-11 11624 496483 2.34%
Met-8 12633 327369 3.86%
Him-8 1188 687847 0.17%
GOES-16 28342 1282955 2.21%
GOES-17 1949 1800355 0.11%
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Brightness Temperature Bias (K)

Removing coastlines
(Ism=0.0)

9-29Sep2021: IR10: FG Departure Mean MFB_lsmO
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Slight reduction of the
window channel diurnal
cycle amplitude by
removing model coastlines
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GOES-16/-17 Enterprise Cloud Mask greatly reduce the
Window Channel diurnal cycle amplitude over Ocean
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NOAA changed their Cloud Mask 0.89
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04  —— Met11 —— Met11

—— Met8 0.25 Yo Mets
03 —— Him8 . —— Him8

—— GOES16 ¥ 020 —— GOES16
0.2 —— GOES17 —— GOES17
’ 0.15
01 0.10

JE

o
o

0.05

0.00

!
°
i

Brightness Temperature Bias (K)
Brightness Temperature Bias

-0.05

!
<
[N

‘\
-0.10

0 5 10 15 20 0 5 10 15 20
TST Hour TST Hour

!
o
w

Diurnal cycle amplitude in the Window Channel reduced from 0.5 K to 0.2 K for both GOES-16/17
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Brightness Temperature Bias (K)

GEO Window Channel observations have benefitted of
operational changes and research but are reaching a
saturation point — time to improve the model

19May-15june2021: IR10: FG Departure Mean
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19-31May2022: IR10: FG Departure Mean MFB_Ism0
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SEVIRI observations could still be improved
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o —— Met8 (Obs)
2920  _— Him8 (Obs)

291.5
0 5 10

—— GOES16 (Obs) -
—— GOES17 (Obs) -

Diurnal cycle amplitude
in the Window Channel
reduced up to more
than 50% for the GOES.

Smaller reduction for the
Meteosats.

Smallest benefit for
Himawari.

19-31May2022: IR10: Obs vs FG Mean MFB_Ism0
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Assimilation of the GEO Window Channel (in CY47R3)
further improves operational GEO assimilation

Operations
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DLANG A

Preliminary Experiment (1 March — 31 May 2022)
There is still scope for further improvement
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Bias correcting the GEO Window Channel observations
for solar zenith angle removes the solar signature from
the diurnal cycle leaving the surface temperature cycle

15Jan-14Feb2023: IR10: FG Departure Mean MFB_IsmO0 15Jan-14Feb2023: IR10: FG Departure Mean MFB_Ism0
—— Metll (A=0.35)
o Adding Solar oo I G | After
o x < —— Him9 (A=0.18)
= Zenith Angle £ — (02
Ly 1y
2 0 . & 02 —— GOES18(A=0.18)
: predictor to the
= =
© H - ©
2 00 Bias Correction§ _,
o @
?:j —-0.2 . Metll (A=0.46) & -02
5 —— Met9 (A=0.41) 5
5 —— Him9 (A=0.28) =
® o4 —— GOESL6 (A=0.23) Based on CY48R1| ~ o
—— GOES18 (A=0.26)
0 5 10 15 20 0 5 10 15 20
TST Hour TST Hour

It is possible that using this additional predictor could be aliasing solar dependent errors in the
model skin temperature into observation bias corrections - more investigation is needed
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Brightness Temperature Bias (K)

Residual cloud contamination affecting the SEVIRI GEO
Window Channel observations was identified after the
implementation of OOPS in CY48R1
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-0.2

—-0.4

28Jun-26Jul2023: IR10: FG Departure Mean MFB_IsmO 28Jul-26Aug2023: IR10: FG Departure Mean MFB_IsmO

Bug Fix 0.2 ﬂ

Brightness Temperature Bias (K)
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—— Him9 (A=0.20) operatlons usmg —— Him9 (A=0.23)

—— GOES16 (A=0.21) CY48R1 _04 —— GOES16 (A=0.21)

—— GOES18 (A=0.20) —— GOES18 (A=0.23)
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The amplitude of the SEVIRI GEO Window Channel is closer to that of ABI and AHI
Experiments assimilating GEO Window Channel in CY48R1 (onwards) need to be re-run

o
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Assimilating a denser set of geostationary observations,

both spatially and temporally o

Spatial thinning 125 km 125 km 125 km
Obs Error ‘

Correlation Diag R Full R Full R
Temporal 30min 60 min 50 i
resolution

In CY49R1 Met-10/9 spatial thinning is increased to 75km

Accounting for the

interchannel correlation error In CY50R1 GOES-16/18 and Him-9 spatial thinning will (probably) be
(Full R) for increased to 75km
GOES-16/-18 might happen

as an in operation change (or : : :
CY50R1 the latest) » Only GOES/ABI produces 10 min CSR observations operationally

» Him-9 CSR offline 10 min CSR can be requested

» MTG-FCI will produce 10 min ASR
=>Tests with GOES/ABI only show positive results up to 20min

o
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Further exploiting Geostationary radiances by increasing
the spatial thinning (125 km -> 75 km)

sl

Instrument(s): NOAA-20; NFP - ATMS - TB  Areals): N Hemis S Hemis Tropics Instrument(s): NOAA-20; NPP - CRIS - TB  Areals): M.Hemis S .Hemis Tropics Instrument(s): METOP-B,C - IASI-TB  Area(s): N.Hemis S.Hemis Tropics
From 00Z 15-Jan—2023 o 122 14-Apr—2023 From D0Z 15-Jan—-2023 o 12Z 14—-Apr-2023 From 00Z 15-Jan-2023 to 12Z 14-Apr-2023
T e _
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GOES-tull R-Him_thin75km GOES-fullR-Him_thin75km GOES-ullR-Him_thin75km
100% = CTRL - 100% = CTRL 100% = CTRL

The higher numbered channels are sensitive to water vapour and fitting values less than
100% demonstrate improvements to the humidity analysis when 75km spatial thinning is
used, compared to the 125km spatial thinning (100% control).
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Further exploiting Geostationary radiances by increasing
the temporal resolution (30 min -> 20 min -> 10 min)
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Improvements to the humidity analysis can be seen when observations are used every 10
min with 125km spatial thinning or up to every 20 min with 75 km thinning. This indicates
correlations need to be re-evaluated for the case of simultaneously higher temporal
frequencies and spatial resolutions.
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1.

Conclusions

The Geostationary radiances observations set has been almost fully renovated during the

last three years, with the only expected change being the addition of MTG-FCI.

Research carried over the fellowship has brought the geostationary window channel
active assimilation from an idea to a level close to being implemented operationally. This
has paved the way for MTG-FCI (and MTG-IRS).

Assimilating a spatially denser set of geostationary observations will be a reality in
operations for MSG-SEVIRI from CY49R1 and (most certainly) for GOES-ABI and
HIMAWARI-AHI from CY50R1. The assimilation of a higher temporal resolution still

requires further investigation.
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Thanks for your time

Any questions?

samuel.quesada@ecmwi.int
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