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MW!I & ICI Introduction

The EUMETSAT Polar System (EPS) Second Generation will carry
Europe’s first ever microwave imagers

Dimensions Payload mass
6.2mx 15.8mx 3.5m 3370kg

Mass in orbit Payload

Metop-SG-B will hold two conically-scanning microwave radiometers: w/{SCoC’”’) f )
ower MWI (Microwave Imaging for Precipitation;
2.6kw ICI (Ice Cloud Imager)

» MWI — 26 channels measuring from 18-191 GHz ) Desgn fetime et

7.5 years

Orbit

» ICl — 13 channels measuring from 175-668 GHz S e,

835km latitude

Repeat Cycle
29 days

£'>> Orbit revolution
101 minutes

» Together they span a wider frequency range than any imagers before

» ICl will measure at higher frequencies than any operational MW radiometer

» MWI and ICI combined will provide an unprecedented constraint for the
global hydrological cycle in weather and climate models

V aa
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Project concept — why all-sky monitoring?

Most of the frequencies observed by MWI are already assimilated at
ECMWEF in "all-sky” conditions — radiances are used even in scenes with
cloud and precipitation

» The forward model RTTOV-SCATT simulates the emission and scattering from
liquid and frozen hydrometeors in the model

» For the assimilation, observation errors scale with cloud amount, as model
errors typically increase with cloud

For sub-mm channels of ICI, there is no equivalent sensor in orbit so an
external reference (like the NWP model) is required

For cal/val, the ECMWF model allows comparison of observed radiances
with model-equivalent radiances everywhere and in near-real time
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From Lonitz et al. (2022)




Project concept — why all-sky monitoring?

2 By using the ECMWF model as a reference, short-range forecasts of
modelled radiances (the model background, B) can be compared
against all MWI and ICI observations

| )
3
Ch. 7 0-B [K]

-20 » Model fields are interpolated to the observation locations

» Producing departure (i.e. O-B) statistics

Departure statistics are then directly comparable to similar microwave
~20 imagers in the ECMWF system:

| )
)
Ch. 11 O-B [K]

» GMI - on the GPM Core platform since 2014

» SSMIS — on the DMSP F17 & F18 platforms since 2006

5
5 0-B [K]

% » AMSR2 - on GCOM-W platform since 2012

O-B at 118 & 183 GHz channels
From Duncan et al. (2023)
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Project concept — data selection for cal/val analysis

We aim to:

» Use as much data as possible in
our cal/val sample

» But exclude areas of known model
bias (e.g. sea-ice, thick clouds)

» Provide 3 samples for different
cal/val applications:

1) Stringent
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Project concept — data selection for cal/val analysis

We aim to:

» Use as much data as possible in
our cal/val sample

» But exclude areas of known model
bias (e.g. sea-ice, thick clouds)

» Provide 3 samples for different
cal/val applications:

1) Stringent

Define channel-based ‘symmetric’ cloud impact (Cl) parameter that is
sensitive to cloud in both the model and the observation:

Clcn = |Och — Beneir| /24 |Ben — Bencir| /2

Obs. Clear-sky B All-sky B

In combination with the surface-to-space transmittance (t), we can
define thresholds to avoid surface and cloud contamination

To simplify the full set of MWI & ICI channels, they are grouped into
either ‘window’ or 'sounder’ channel groups:

Channel Group ‘ Stringent
Window channels | land< 1%, CI < 2K, SST > 277K
Sounder channels | 7 < 0.02 or land< 0.01, CI < 0.5K

Some final checks are added to avoid possible sea-ice, efc.
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GM|I 18313 channel
Project concept — data selection for cal/val analysis

183pm3 counts 183pm3 avg(0O-B)
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GMI 183+3 channel

Project concept — data selection for cal/val analysis Stringent data selection applied

183pm3 counts 183pm3 avg(0O-B)
2
o i
®©
S e
< s
O
-2
183pm3 counts
9o 2
o
5 s
n e
© e
= =
T —o
O -2

_c ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 9



GMI 19V channel
Project concept — data selection for cal/val analysis

19V counts 19V avg(0-B)

All data
GMI Ch 3

g
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GMI 19V channel

Project concept — data selection for cal/val analysis Stringent data selection applied

19V counts 19V avg(0-B)
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MWIICI and the IFS

The ECMWEF data assimilation system is the Integrated Forecasting System (IFS)

» The IFS expects (and is optimized for) co-located observation vectors

» Zenith angle can vary by channel

MWI — 26 channels over 8 horns

1 locations!
ICI — 13 channels over 7 horns } > geolocations

—— MWIOL-V: 18.7 GHz
—— MWI02-V: 238 GHz
— 1/2/3 —— MWI03-V: 31.4 GHz
-_— 127 — Mwiosv: 503 Giz
1.2 —_—5 —— MWIOS-V:89.0 GHz
’ — 6/7/8 —— MWI09-V: 118.7503+-3.20 GHz
P —_— MWI13-V: 165.5+-0.75 GHz
?/210/11 é 1.04 MWI14-V: 183 31+4-7.0 GHz
e 1.0 13 Eﬁ 0
] =
= 3
= =08
T 0.8 =
0
From:
0.6 0.6 Rydberg & Eriksson (2019)
Eriksson et al. (2019)
173.2 173.4 173.6 173.8 174.0 174.2 0.4

Longitude [°] 172.5 173.0 173.5 174.0 174.5
Longitude [degrees]
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MWIICI and the IFS

In the IFS, microwave imager radiances are superobbed (averaged into super-observations) at 40 km resolution

Superobbing acts to homogenise observations and make them more representative for assimilation - the model
‘effective resolution’ for clouds and precipitation is roughly this scale

AMSR2 37H
(after superobbing)
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MWIICI and the IFS

MWI and ICI feature very heavy spatial over-sampling, even compared to other MW
imagers. Superobbing thus decreases data volume very significantly. On average:

» 130 observations per superob for MWI channels

» 73 observations per superob for ICl channels

MWI Channel 2 RAW BUFR MWIICI Channel 2 (18H)
v [

R ||
18H on MWI

= = N N N N N
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o o o o o o o
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MWIICI and the IFS

MWI and ICI feature very heavy spatial over-sampling, even compared to other MW
imagers. Superobbing thus decreases data volume very significantly. On average:

» 130 observations per superob for MWI channels

» 73 observations per superob for ICl channels

MWIICI Channel 2 (18H), 2007091212
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MWIICI and the IFS

In the IFS, the 39 channels and 15 horns are treated as one super-sensor
» Combine all horns after superobbing step

» Provide a single, 39-channel, co-located observation vector to RTTOV-SCATT
and the data assimilation system

» Can use ICI channels to analyse and constrain the assimilation of MWI
channels, and vice versa

» Referred to as simply MWIICI
Forward simulations use:

» RTTOV-SCATT v13.2 with the new SURFEM-Ocean emissivity model
» |IFS Cycle 49r1 (operational autumn 2024)
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Ch. No. Freq. [GHz] | Horn
1,2 18.7 1
3,4 23.8 2
5,6 314 3
7,8 50.3 4
9,10 52.70 4
11,12 53.24 4
13, 14 53.75 4
15,16 89.0 5
17 118.7503 £ 3.2 6
18 118.7503 £ 2.1 6
19 118.7503 + 1.4 6
20 118.7503 + 1.2 6
21 165.5 £0.725 7
22 183.31+7.0 8
23 183.31+6.1 8
24 183.31+4.9 8
25 183.31+3.4 8
26 183.31+2.0 8
27 183.31+7.0 1
28 183.31+3.4 1
29 183.31+2.0 1
30, 31 243.2+25 2/3
32 325.15+9.5 4
33 325.15+3.5 4
34 325.15+1.5 4
35 448 +7.2 5
36 448 +3.0 5
37 448 + 1.4 5
38,39 664 +4.2 6/7

- MWI

- ICI
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MWIICI and the IFS

The custom data processing has two steps unique to MWIICI:

» Python/ECcodes-based pre-processing script that converts from
EUMETSAT-provided BUFR to own internal format

» Convert radiance to TB, calculate full geolocation, perform basic screening,

and output each horn in own BUFR file

» After superobbing, merge the 15 horns of MWI and ICl into a single BUFR
file based on common geolocations

Pre-processing greatly reduces data volume! For one orbit:
» 210m radiances = 1.8m radiances

» 66m geolocations = 60k geolocations

Now we have an MWIICI file in ODB format — ready for ingest to IFS

«Convert to TB from radiance

«Get full geolocation from tie points

+*Screen out bad TB values, out of
Pre'process range lat/lon or angles

«Pass through all flags etc.

J +QOutput is internal BUFR format

N

*Apply averaging to all TBs
: *Regularized onto Gaussian Grid
SU perOb *BUFR files remain separated by horn
+Data volume shrinks significantly

A

Merge horns

+15 BUFR files in, 1 BUFR file out
*Merge separate horns by leveraging

common Gaussian grid

*No further screening/calculation

J
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BUFR20DB
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+Applied like other
MW sensors




MWIICI and the IFS

MWIICI Channel 16 (89H), 2007091212

Two test orbits from EUMETSAT
in September 2007

TN e o
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\
Note long-window DA runs 9-21Z for 12Z cycle
and orbit 4655 starts at 8:43Z
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MWIICI and the IFS

in September 2007

(L'A'

[ )

Two test orbits from EUMETSAT

MWIICI Channel 31 (243H), 2007091212

\\, /

<& ECMWF

\

Note long-window DA runs 9-21Z for 12Z cycle
and orbit 4655 starts at 8:43Z
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MWIICI and the IFS

With MWIICI data going through
the IFS, we can analyse various
aspects of the sensors

For example:
Sounding sensitivity

Sensitivity to Surface (1)

Peak vertical sensitivity (dz/dP)

5

2.7V

325+/-9

32

T

5+/-1
T

I‘I" ;

53.75V
SN

48+/-1
P

118+/-3.2 118+/-2.1

°
»

Sfc to Space Transmittance

o©
w

o©
[N}

©
o

50V

52.7V

53.75V

=2 o

118+/-3.2  118+/-2.1
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Comparing IFS simulations to EUMETSAT test data

18H
MWI
IFS simulations generally compare well with EUMETSAT test data
Several differences in assumptions, so we expect some biases from: 40
» Land and ocean emissivity models MWiI 20 ¥
m
|_
» Cloud and precipitation microphysics o E
=
9
208
The IFS simulates less scattering in sub-mm channels:
-40
» Mostly reasonable given different assumptions IC|
» But 664GHz requires further work—signal from cirrus smaller than expected

g
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Comparing IFS simulations to EUMETSAT test data

<& ECMWF

N
o
Ch 27 0-B [K]
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Comparing IFS simulations to EUMETSAT test data

o =
o
10m wind [m/s]

N I
SWP [mm]

o

| o
N
o

Ch 27 O-B [K]

N (0]
(@21 o
TCWV [mm]

o

1.0

o
ol
CWP [mm]

o
o
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Comparing IFS simulations to EUMETSAT test data

18H 89H

N
SWP [mm]

O-B after screening

» Screening (stringent shown here)

does well to exclude heavily cloud-
affected over land & sea

» Thinner and lower cloud remains in
the sample for less sensitive channels

Obs - Sim TB [K]

» Sounding channels have tighter CI

threshold than window channels

W = window
S =sounder -




Comparing IFS simulations to EUMETSAT test data

MWIICI orbits 4655 & 4656, 20070912

1.0
—_— All
4 Screened (dynamic)
= Screened (unified)
21 —— Screened (stringent) 0.8
0 e TN e Y T ]
68% interval 3 068
o | 0
(+/- 10) for o -
< c
screened obs S =R
= L0.4 3
s ~20-70% of
_6_
obs after
M= 02 | screening
Dynamic
101 Stringent
I Unified I
0.0
AN AN AN AN NN N TS o AN N O moy Nm oy o0 m NM~N> T
PS8 NSSRB88 ni a8 SRR F IIIRIITES
YR gy Fddd BEESREES VNS5 E8ECC
na o ,i?,i?,f?,?j NN NNSNNNN ”)")”)ggg
NNNN

Global statistics, 2 test orbits
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Comparing MWIICI simulations to EUMETSAT test data

MWIICI orbits 4655 & 4656, 20070912

— Al
~——— Screened (dynamic)

Differences & possible causes S e

== Screened (stringent)

IS

N

o
A

More scattering in test data:

Mean(0O-B)
Lo

h
\

]
i\

1
A

I

I

I

1

o
IS

 PSD in ARTS produces more scattering (all frozen hydrometeors treated like snow)

. -6
»  Scattering solver (see Barlakas et al. 2022) III. II II
- Dynamic
+ Test data uses ERA5 convective precipitation rate converted to mass flux, assuming fixed -1y 7 Strnoent
fall Speed SR TSI R TSI DT NI NS NSO NN NS T O NN T
TR Sy PN F A SIS AN SIS IEE
TEERE  gSds SEIEEIE T INIIIY

Sounding biases
* Rosenkranz (ARTS) vs. AMSUTRAN (RTTOV)

* SRFs - RTTOV uses measured SRF for ICI vs. ‘top hat SRF for MWI (~0.1K @ ICI-3, ~0.3
@ ICI-10); ARTS used monochromatic assumption in middle of lower passbands

Window channel biases

« TESSEM2 (ARTS) vs. SURFEM (IFS) — see Geer et al. Tech Memo (soon to be published)
on SURFEM vs. FASTEM performance in the IFS

Most* higher frequency channels compare well after screening!

g
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Bonus — ozone effects?
Test data did not include variable ozone in RT, but we expect
sub-mm channels to have ozone sensitivity > how much?

Column Ozone, ECMWF operational analysis, 20070912 12Z

» O3 profiles from ECMWF analysis added to all-sky RT - we can
compare RT simulations with and without O included

0.009

» ~2 K signals seen at 664 GHz
Non-negligible impact at 166 & 325 GHz (e.g. AWS)

0.008

0.007

03 [kg/m2]
Y

0.006

» Variable ozone will be included in RT for MWIICI when launched

°
g
Total Col

Impact of variable O3 profile, select MWIICI channels

—— Mean J
041 ———- stdev /
0.21
< 0.0
-
1%
©
o
£ —0.21
m
e}
04+ - -
VNS D NS D N S
I S SIS S S S S
P g gt e e e eE
2 ~ 0~ moom M ¥ Y
~

g
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Apply to current imagers

The method can be tested on similar frequency channels on current
conically-scanning radiometers used in the IFS

» GMI, SSMIS, AMSR?2 are all assimilated in the IFS
» Focus on common channels (e.g. 18, 89, 183 GHz)

» Analyse one month of data: May 2023

How to decide if data selection is adequate for cal/val purposes?
» Limited geographical variability in std(O-B) and bias
» GMI biases look uniform (GMI as reference standard)
» Maximise data sample but avoid problematic regions
>

Caveats - frequencies not identical, different orbits

Ch. # Freq. [GHz] | Horn | Type | Similar channels
1,2 18.7 1 W | GMI 34; SSMIS 13,12
3,4 23.8 2 W | GMI 5*; SSMIS 14*
=5, 6 31.4 3 W | GMI6,7; SSMIS 16,15

7,8 50.3 4 W | AMSU-A 3*; SSMIS 1*

9,10 52.70 4 W | AMSU-A 4*; SSMIS 2+

11, 12 53.24 4 S | AMSU-A 5%; SSMIS 3%

13, 14 53.75 4 S | AMSU-A 6
=15, 16 89.0 5 W | GMI 8,9; SSMIS 17,18

17 118.7503+32 | 6 W | MWHS2 8

18 118.7503+2.1 | 6 W | MWHS27

19 118.7503+14 | 6 S | MWHS2 6

20 118.7503+12 | 6 S | MWHS2 6
21 165.5 +0.725 7 | W | GMI10
22 183.31+7.0 8 W | SSMIS 9; GMI 13

23 183.31+6.1 8 w |-

24 183.31 £4.9 8 S | MWHS2 14; ATMS 19
25 183.31+3.4 8 S | GMI 12; SSMIS 10

26 183.31 £2.0 8 S | ATMS 21; MWHS2 12
)27 183.31+7.0 1 W | SSMIS 9; GMI 13
)28 183.31+3.4 1 S | GMI 12; SSMIS 10

_c ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Apply to current imagers

19H std(O-B) -- Stringent Screening 19H mean(0-B) -- Stringent Screening

(]

(=]
AMSR2 Ch 8

|
&)

SSMIS Ch 12

19H channel

v

‘|" o
GMI Ch 4
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From a month of data, May 2023

» Lowest frequency on MWI, 18.6 GHz
» Std(O-B) maps consistent

» GMI with near-zero bias and limited
regional variation in bias

» AMSR2 and SSMIS show positive global
biases as seen in the literature

» SSMIS exhibits some scene-dependence

32



Apply to current imagers

89V std(0O-B) -- Stringent Screening 89V mean(0-B) -- Stringent Screening

Y From a month of data, May 2023

(=]
AMSR2 Ch 13

> Like MWI 89.0 GHz

» Std(O-B) maps consistent

» GMI with near-zero bias and limited
regional variation in bias

SSMIS shows negative global bias

o
SSMIS Ch 17
A\

o
GMI Ch 8
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Apply to current imagers

Higher frequencies, just GMI and SSMIS

» Like MWI and ICI 183 £ 7.0 GHz
» Std(O-B) lower for GMI - lower noise?

183+7 std(0O-B) -- Stringent Screening 183+7 mean(0O-B) -- Stringent Screening .
» GMI & SSMIS very consistent, near-zero
4 .
- global biases
2 c
(@]
°wv
=
20
"
-4
4
2 q
=
0o O
-4
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Apply to current imagers

Now look at ‘dynamic’ selection to add
window channels over land

150/166H std(O-B) -- Dynamic Screening 150/166H mean(0O-B) -- Dynamic Screening

SSMIS Ch 8

GMI Ch 11

1 66H chan nel _c ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Higher frequencies, just GMI and SSMIS

» Approximate comparison, 150H on
SSMIS, 166H on GMI

» Like MWI 165.5 GHz

» Both show imperfect cloud screening in
Southern Ocean - very cloud-sensitive

» GMI biases near-zero and mostly
homogeneous except desert regions >
skin temperature model bias

» SSMIS shows its well-known orbital bias
due to solar illumination; also scene-
dependent bias not seen in GMI
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AMSR2

Apply to current imagers

23V mean(0-B) -- Dynamic Screening

23V std(O-B) -- Dynamic Screening

AMSR2 Ch 9

SSMIS Ch 14

23V channel

GMI Ch 5
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Cutting edge - imager channels over land?

» Like MWI 23.8 GHz
» Lower std(O-B) over land is expected

» Warm surface - small cloud signals

» Artefact from dynamic emissivity

» Convective diurnal cycle stronger for
AMSR2 (1:30 ECT)

» GMI shows land/sea contrast like AMSR2
- scene-dependent bias?
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Apply to current imagers

37H avg(0O) -- Dynamic Screening

37H mean(0O-B) -- Dynamic Screening

- B . Er s Cutting edge = imager channels over land?
N 50 N
m 250 2.5 5
g 200 0.0 g
< 150 ::Zg > 37H channel has roughly double TB over
50 land — big dynamic range!
» Some evidence of scene-dependent bias
in all three?
5.0 N
(2 2.5 Z
= 00 o
w —2.5;
(7p) -0
5.0
2.5 rs
X o
0.0 g
—2.5%
-5.0

g
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Apply to current imagers

Background dept (no bias corr) (gmi)

Background dept (no bias corr) (amsr2)

Compare imager channels directly — using

Background dept (no bias corr) (ssmis)

MWIICI channel basis
.. nobsRef
> Most lower frequency channels show similar std(O- STD.DEV Amsrssmis MEAN
B), especially GMI and AMSR2 183PM3 — + -15.8M-10.3M  15.8M H — 183PM3
183PM4 — 0 — 183PM4
. . 183PM6 —| 0 — 183PM6
» GMI shows mean biases of +1 K against the IFS; 183PM7 — /" 14.6M -9.4M  14.6M A\ — 183PM7
166V — 4.4M 0 — 166V
89H is outlier (linked to known model biases) i ’ h
D 1oV 0 - 118V
> 183 GHz channels show good relative and absolute 2 U I  sont
. = 8V — _ -4.6M -6.3M 9572.6K // — 89V
biases for GMI and SSMIS = s 0 - 54H
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Outline

1) MWI and ICI introduction

2) Project concept
» Why all-sky monitoring for cal/val?
» Data selection for cal/val from NWP model output

3) Technical developments — MWIICI and the IFS

4) Comparing IFS simulations to EUMETSAT test data

5) Application of cal/val monitoring system to current sensors
» GMI, SSMIS, AMSR2

6) Monitoring website

7) Conclusions
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Monitoring website

= CECMWF | ohats

Website produced for this project that leverages the ECMWF
observation monitoring suite of tools (Obstat, ecCharts):

https://charts.ecmwf.int/catalogue/packages/eps_sa/

# Home / Packages / MWI/ICI CAL/VAL observation statistics

Q

Category

[ satelite Data

[ All sky radiances
Instrument

O AmsR2

O em

O ssmis

S s )
: ] - = -1 g A A - T .
_7.-_?'?:_};@ - £ 2l 'W t{fllbl%mhh MJM»]’} > Compare O-B statistics from MWIICI test data across various
o N | B _ i 1 AN :
E, < = - - : }l‘wu(u R T . .
abeiziEE]| =1 ’.".'L;.:'.l'g,l dimensions
Al sky radiances from AMSR2 (2D histogram) & All sky radiances from AMSR2 (Area avsragsd7 All sky radiances from AMSR2 (Hovmoel ller B .
o e s T B > Also applied to GMI, SSMIS, AMSR2 for recent dates
— > User can view several plot types, apply different data selections,
PR ‘ __,_-;l " and download statistics files
Ay - l .—-:—:_.- ! . . . o
== - I ol > All channels indexed to MWIICI channel indicators to facilitate
All sky radianc from AMSR2 (Tim ri f;+ All sky >r <‘!i n ll:mAMS;!Q(Tin; -ave d;+ All k | ;i N “l ;nGMIV(ZDhi( ram) - Comparison between Sensors
area averages) geographical mean) .
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https://charts.ecmwf.int/catalogue/packages/eps_sg/

Monitoring website

STD.DEV . nobsRet MEAN

w
STATISTICS FOR BRIGHTNESS TEMPERATURE FROM GMI :::
CHANNEL =22, UNIFIED DATA [ TIME STEP = 1 HOURS ] 388 o
Arealon w= 0.0, lon o= 3600, lat s= -90.0, lat n= 90.0 (over All_surfaces) ] : 256
EXP = GMI m T Yﬂ : K
L1 ey \ i
E) { i 1TF 059
OBS-FG (corrected) OBS-FG (uncorrected) z° E AE Ay 1 . 4 =
o ’ 059
T S g i — @
- 1f .
0.60 T R T [ [r— 2%
=
| 1] 47
0.60 - - | - 4385
T LI T TIEE
3 & -
& .
1.80 :
-3.00 T T T T T T T T
2 5 8 1" 14 17 20 23 26 1
Feb Mar
nobsex|
STD.DEV P MEAN —

SCATTER PLOT OF FIELD OF VIEW VERSUS FG_DEPAR
STATISTICS FOR BRIGHTNESS TEMPERATURE FROM MWIICI
EXP = I7TEM PERIOD 2007091212 2007091212

T T T T
20 16 12 8 -4 0 4 8 12 16 20

_FG_DEPAR

SgEEgEE8Es88¢8

‘ H ‘iH ‘ \Hl\m\ \N‘\H\‘ﬁl\‘ ‘ ‘l Hil”‘l

Axa‘

Field Of View

Link to selection of EURD requirements

NEDT (MWI-05070, ICI-06070) — std(O-B) for sounder channels (e.g.
50GHz) after screening; gross violations of NEDT should be visible for
other channels

Radiometric bias (MWI-05080, ICI-06080) — viewed relative to the
IFS as transfer standard in context of other sensors

Orbit stability (MWI-05090, ICI-06090) — Hovmoller-style plot to view
orbital stability over time via orbital angle

Lifetime stability (MWI/-05100, ICI-06100) — global mean per channel
as a function of time, per-orbit or per-cycle

Inter-channel bias differences (MWI-05110, ICI-06110) — same data
selection for all channels from unified sample

Inter-footprint bias difference (MWI-05120, ICI-06120) — biases as
a function of scan position, can be assessed using normal data
stream or non-superobbed data from special experiment

g
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Conclusions

» A monitoring website now exists to analyse MWI and ICI performance against the all-sky ECMWF
background in the context of other MW imagers

» The IFS is prepared for assessment of MWI and ICI soon after launch
» Lots of technical work to get to this stage - the most complex sensor pre-processing chain in the IFS (!)
» Invaluable experience to test the system by processing of EUMETSAT-provided test data

» However, full scientific exploitation of MWIICI data not considered in this project - lots left to do especially for
sub-mm channels!

» Methodology developed here should benefit potential cal/val analysis of other MW instruments
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