@& EUMETSAT

EUM2036521, v1, Draft, 06 August 2025

AWS Lunar Intrusion
Analysis

Tim Hewison
(EUMETSAT)

GSICS Microwave Moon Meeting
2026-03-11

Based on initial analysis from August 2025



m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-2171567?property=PG7957932C1D8B422FA7838BCB926F04D5
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-2171567?property=PGCE5437D590C04754BEE9A57B4DF061F0
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-2171567?property=PG65D186EDD28144499B14845D49B5D4CB
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-2171567?property=PG287DD6AA5F5449A297586565E64CBBF3

& AWS / EPS-Sterna Moon Viewing Geometry

first quarter

*  AWS/EPS-Sterma MWR has nominally 25 space views
*  separated by 0.75°
«  covering 18° - ensures some Moon-free samples
*  From~74°to0~92° (0°=nadir)

«  AWS orbit: Sun-synchronous, LTAN 22:32
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Figure 1: EPS Sterna microwave radiometer measurement cycle. The instrument measures
Ny samples of the Earth scene, N?%" samples of the cold space reference and N¥¥ samples
of the On-Board Calibration Target (OBCT) via a static secondary mirror. |a st qua rter
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Cal Counts AWS Chi2
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Cal Counts AWS Chod

Cal Counts AWS ChO3

& Check SV Counts |

* Found Moon in AWS Space View
« Thanks to Martin Burgdorf (U. Hamburg)

L

-

<

« 15,16, 17 July 2025
* Moon presentin 39 orbits
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* inall channelsin 11 orbits
« Some in last Space View
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1. Find peak in SV counts (isv, iscan)
2. Check Time Series of SV counts

* iscantn00 scan lines

* sv-1 , ISV
e isv-1x= => Moon close to centre isv
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& Put on angular scale

3. Put scan lines on angular scale

The conversion from scan number ngy.., to 7, ie., the angular distance between the pointing
direction and the position of the center of the Moon as seen by the microwave sounder (in degrees), is
done with the following formula:

L Msean %SSDGCGM (A2)

where « is the angular distance between the nadir and the direction of the DSV, P is the orbital period

of the satellite in seconds, and 8/3 is the duration of a scan in seconds.

* Inthe case of AWS:

*  NsanlS the scan line number
» scan period is 1.19035s, instead of 8/3s

« P=5791.07250s

e (0=dsdm.aws_ antennapos counts_coldview/plcEncoderM
x (45000) *360

*  Plus/minus feedhomn offsets!
(Not implemented yet)

e (0.0300° between scan lines
(~17 scan lines over ~0.5° Moon disc)

EUM2036521, v1, Draft, 06 August 2025
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This formula can be derived considering the case where the SV is
pointing at zenith, i. e. It describes a great circle during one orbit
- in this case alpha is 180 deg, and the SV moves from one
scan to the next by 360 deg / (no. of scans per orbit)
- and the case where the SV is pointing in the direction of the
orbital axis of the satellite - in this case the SV does not
move at all from one scan to the next (except for the
movement of the orbit axis).
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& Derive Approximate Antenna Temperatures

15200 AWS-11 Ch{J150.3GHz
4. Apply crude calibration ¥ 15150-

To convert counts to kelvin §
* Toaccount for calibration drift (_2 15160 |
» Take counts_coldview average over scans, Cc 2
° Identlfy lunar Q 15140 -

intrusion 5
»  Fit quadratic curve (Cc’) through 4 15190

Scan Line =

«  Estimate gain for each scan line: 0 0 w0 s o o

 Gain=(Cw-Cc)/(Tw-Tc)

« Cw=counts_warmview_average over_scans
 Th=warm target effective temperature

« Tc=cold target effective temperature (=2.7K)

» Calculate antenna temperature,
Ta=(Cc-<Cc>)lgain+Tc

(M) adnjedadws] euusuy

* n.b. No gain averaging, non-linearity, antenna pattem
correction, scan mirror reflectivity correction. ..

EUM2036521, V1. Draft 06 Auqust 2025 0 200 400 600 800 1000 6
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® Fit Gaussian to Antenna Temperatures

« Use curve_fit from scipy.optimize
* To fit coefficients for

def gaussian with offset(x, A, mu, sigma, C):

return A * np.exp (- (x-mu)**2 / (2*sigma**2))+C

o Prowde First Guess [and Constraints]:
+50%)]
+10°]
2-9K] |
+30%]

* A, = Amplitude wrt offset (K)
* mu, = location of peak (scan line/°) [
« C,=offset (K)=2.7K
* sigma, = FWHM / (2V(2.In(2)) (°)

(M) Jnjedadwa] eUUBUY

 Uncertainty on retrieved coefficients

» = +diag(covariance)
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& Along-Scan Direction

 Also possible to exploit Moon samples in
along-scan direction

 Inter-Spot separation =0.75°
* Moon covers

« ~7 space views in Band 1

« ~b5space views in Band 2

« ~3space views in Bands 34
 Plots counts in scan lines

e | _scan-1 ,1_scan

* | scan-1=

=> Moon close to centre i scan

* Only central scan line plotted here

* Many more are possible
=» reduce uncertainty
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& Compare IPF with pre-launch beamwidth measurements

» 4 cases with all channels
« 15,16, 17 July 2025
 All very similar Along-Track results

 Quite different for Along-Scan
(but only for 15t case analysed so far)

» Especially Bands 1 & 2 — needs checking!

* Does not account for finite size of Moon
e  True FWHM will be smaller

» Along-Track FWHM compared to

Band 1: very similar (2%)
Band 2: 41% larger!

Band 3: 10% larger

Band 4: 18% smaller

EUM2036521, v1, Draft, 06 August 2025

www.eumetsat.int

1. 50-56GHz 3.02 = 0.09 2.40 = 0.30
2: 89GHz 2.43 £0.10 1.50 = 0.38
3:183GHz 1.07 = 0.01 117 = 0.00
4: 325GHz 0.84 = 0.01 1.01 = 0.04

Table 19 AWS-55R5-3303 measured FWHM footprint

Frequency [GHz]

50.0
53.0
57.0
88.8

165.0
176.4

330.0

FWHM [°]

3.10 (2.92, 3.28)
3.08 (2.83, 3.31)
2.99 (2.73, 3.24)
1.72 (1.78, 1.68)

0.98 (0.94, 1.02)
0.95 (0.91, 0.98)

1.03 (1.07, 1.04)

FWHM [km]

32.4 (30.6, 34.3)
32.2 (29.6, 34.6)
31.3 (28.6, 33.9)
18.0 (18.6, 17.6)
10.3 (9.8, 10.7)
9.9 (9.5, 10.3)
10.8 (11.2, 10.9)
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& | Moon angle

* Overplotted aws moon angle on right-hand axes
for each channel

« \Was difficult to find Moon in IPF L1B AWS data

« IPFL1Bdatanavigation/aws moon angle
~90° higher than expected!

=90° + feedhom pointing?

* processing information/
aws _moon contamination flag notset

 Suitable values formoon angle threshold
=2*FWHM

*  Currently 65° for all channels!

EUM2036521, v1, Draft, 06 August 2025
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& How many Moons?! |

* One example had “ghost
peak” near Moon

* Peak was near end of orbit
* Indices were wrapping!

* Can be 3 Moons per orbit!
* E.g. if Moon is near pole

* Need careful approach for
automated processing!

» Could detect lunar intrusions
checking for excess over
median SV counts per orbit

EUM2036521, v1, Draft, 06 August 2025
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& Proposed AWS / EPS-Sterna Lunar Intrusion Filtering

Flag for Moon contamination correction of each Space View position

Threshold for difference between lunar angle and antenna space view
for which the data are flagged as calibration contaminated

EPS-Stema MWR has nominally 25 space views

covering 18° - ensures some Moon-free samples

In worst case (Moon in centre of space views):

for the 50-57 GHz temperature-sounding channels,
which have a FWHM beamwidth of ~3.8°

only ~9 space views flagged by a median filtter with a threshold equivalent
to 2*NEAT~0.93K

further 10 space views: significant (>0.01 K) unflagged contamination
bias mean brightness temperature of unflagged space view by ~0.07 K.
This is deemed to be acceptable.

Lunar Intrusion Correction unlikely to be needed for EPS-Stema

Recommend the MAD filter in the Cold Counts Quality Control

sufficient to reject lunar intrusions,

given a suitable threshold equivalent to 2*NEAT.

EUM2036521, v1, Draft, 06 August 2025
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Figure 1: EPS Sterna microwave radiometer measurement cycle. The instrument measures
Nroy samples of the Earth scene, NZ*®" samples of the cold space reference and N}J¢" samples
of the On-Board Calibration Target (OBCT) via a static secondary mirror.
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& 2025-07

e Animation

* Countsin AWS
Space Views

« Over~2days

« July 2025

1 frame =1 orbit
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& Still to do:

« Check calculation of angles and Moon phase
+ Consolidate differences between beamwidths estimated along-scan and along-track
 Account for finite size of Moon (~0.5°)
 Ideally also shape wrt scan orientation — but difficult!
* Repeat fits in along-track and along-scan directions systematically
« Moon appears in 39 orbits over 2.5d period 2025-07-15/17 (not all channels)
« Consolidate statistics — confirm differences with AWS-OMN-TR-0058
 Check calculation of moon angle inIPPL1B
 Validate pointing per feedhom
 Check appropriate moon angle threshold
* Checkmoon contamination flag
» Could refine antenna temperature calculation
« Minimal benefits expected, except allowing :
» Use data to validate lunar disc brightness temperature model

e e.g.Liu&Jin 2020, used for MWI
« Especially valuable for 53 & 325GHz channels

EUM2036521, v1, Draft, 06 August 2025
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Thank you!

Questions are welcome.
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