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Working Scope of the Group

• Microwave lunar RTM model development 

✦ Theoretical model development and inter comparison


✦ RTM model validation with satellite observations


• Lunar radiance measurements based on the satellite observations  

✦ Lunar satellite observation calibration


✦ Sensor related uncertainty in Lunar radiance measurements


• Lunar observation applications 

✦ Antenna beam pointing/Geolocation accuracy evaluation


✦ Instrument long-term gain stability evaluation


✦ Inter-satellite calibration



Achievements and Progress

Action Items Person Status Comments

Create a sharing space in GitHub for 

code and document exchange
Tiger Yang Done

The ATMS Calibrated lunar 
RTM has been shared to the 

group through Github

Provide the satellite Moon Tb datasets 

for the community
Martin/Tiger Done

Datasets from MHS and 
ATMS have been shared with 

the group 

Develop a community microwave 

lunar RTM for current low-resolution 

sounding instrument calibration 

Tiger Yang Done

A calibrated lunar RTM 
(CMLRTM) has been 

developed and shared with 
the member of lunar 

calibration group

Develop an open source high-

resolution community microwave lunar 

RTM for current and future microwave 

sounding instruments

Team efforts In progress

Reference truth datasets have 
been collected based on 
satellite observations. A 

open-source lunar RTM frame 
work has been developed for 
the new model. Working on 
high-resolution model inputs

Implement the MLRTM in LI correction 

for satellite on-orbit calibration 
Team efforts In progress



Highlights  of the Research Work in Microwave 
Lunar Calibration Group

• Microwave Lunar RTM study 

• Reference truth from the satellite observations 

• Application of microwave lunar model in instrument calibration 

• Ground-based microwave lunar cal/val for future instruments



• Model references:
• Lagerros (1996, 1997, 1998); Müller & Lagerros (1998, 2002); Müller (2002)
• Müller, Burgdorf et al. (2021): “The Moon at thermal infrared wavelengths: 

a benchmark for asteroid thermal models”, A&A 650, A38
• Model aspects:

• uses the true illuminaNon and observing geometry (as seen from satellite)
• considers 1-d heat conducNon, shadowing and self-heaNng 
• Moon is modelled as an oblate spheroid with requ=1738.1 km and 

rpol=1736.0 km (requ/rpol = 1.0012), spin pole at (!,")ecl = (88.43∘, 214.45∘), 
Psyn = 29.530589 days, with a thermal inerNa of 55 Nu (Hayne et al. 2017), 
and a surface roughness of 32∘ (RoziNs & Green 2012; Bandfield et al. 
2015), absolute magnitude of -0.089 mag (Bowell et al. 1989), and a phase 
integral of q=0.43 (Muinonen et al. 2010), visual geometric albedo 0.12 
(NASA Moon factsheet)

• Bolometric and spectroscopic (hemispherical) emissiviNes
• The “effecNve MW emissivity” depends on the frequency and phase angle
• à TPM TB (at a given frequency) is not a simple funcNon of phase angle 

(influence of different Sun-Moon distances between 0.98 and 1.02 au)

Thermophysical Model (TPM)

Temperature [K]

(Thomas Muller)



RTM Model Simulation for Lunar Microwave Emission (Tiger Yang)

Microwave brightness temperature of lunar emission can 
be calculated as convolution of microwave electrical loss 
with lunar regolith temperature profile over different 
depth(Keihm, 1984) 

Yang, H.; Burgdorf, M. A Calibrated Lunar Microwave Radiative Transfer Model Based on Satellite Observations. Remote Sens. 2022, 14, 5501. https://
doi.org/10.3390/rs14215501



(Niutao Liu)



Comparison of simulated and observed lunar 
disk averaged brightness temperature at 
frequencies of 89~GHz and higher. Solid 
lines are our model simulations, the dots are 
the satellite observations with AMSU-B and 
MHS.

(Provided by M.Burgdorf)



Disk-Averaged Moon Tb Spectrum from 
N20 and N21 ATMS

Retrieval of Disk-Averaged Moon Tb from Calibrated 2-D Lunar Observations

Tamoon(θifov, ϕifov) = TbDisk
moon ⋅

Ωifov
moon

ΩP
Ii,j

Ji,j

Ki,j

✓

�

Ii,j
Ki,j

Satellite moving direction at pixel (i,j)

J = K ⇥ I

Beam pointing/Scan direction at pixel (i,j)

Ωifov
moon =

1
L ∫

τ
2

−τ
2

dl∫
2π

0 ∫
αmoon

0
G′ (θ′ , ϕ′ )sinθ′ dθ′ dϕ′ 

• The beam pointing error is corrected for the Tb retrieval 
• The smearing effect has been taken into account to 

calculate the lunar solid angle  
• Regression algorithm was used for the lunar Tb retrieval  
• Observations from adjacent channels with similar 

frequencies were combined for the retrieval 

Regression model for Tb retrieval

NOAA-20 lunar antenna temperature
NOAA-21 lunar antenna temperature

Band Frequen
cy

N20 N21
K 23.80 241.21 250.60
Ka 31.40 244.14 255.30
V 50.30 264.44 264.50
W 88.20 274.38 274.90
G1 165.50 289.19 288.50
G2 183.31 293.17 285.40

Channel-Averaged Moon Tb

H. Yang et al., "2-D Lunar Microwave Radiance Observations From the NOAA-20 ATMS," in IEEE Geoscience and Remote 
Sensing Letters, doi: 10.1109/LGRS.2020.3012518.



Beam Pointing Error Evaluation
Considering the facts that the 
magnitude of antenna response is 
very sensitive to position of Moon's 
center in the Field of View of 
a n t e n n a b e a m o n o b s e r v i n g 
direction. Especially when lunar 
appears at the center of FOV, where 
the gradient of antenna response 
reaches its maximum. Therefore by 
comparing simulated antenna 
response of lunar scans with the 
observation truth, the displacement 
of beam center can be identified.
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NOAA-21 Lunar Geolocation Error Evaluation
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To calculate the antenna gain of the 
moon, the smearing effects need to 
be taken into account
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FY-3C MWHS-II

3

0º(Nadir)

90º

180±2º
Hot Targets

270º

53.35º

287±2º
Cold Space

306.65º

earth scene

accelerate

MWHS scan sequence

The Moon may occasionally appear in the deep space view (DSV) during certain scans

FY-3C MWHS LI Detection 
Provided by Yang Guo
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Future Missions with Microwave Radiometers

Mission Satellites Instrument Frequencies Lunar Intrusion Strategy

EPS-SG Metop-SG A1 of3 MWS 23.8-229 GHz Detect + Correct

Metop-SG B1 of3 MWI
ICI

18.7-183 GHz
183-664 GHz

Detect 
+ (Optionally) Correct

Copernicus 
Sentinel
(Joint with ESA) 

Sentinel-3C MWR 23.8+36.5 GHz
No space views!

Never see Moon in normal 
operations

Sentinel-3D MWR 23.8+36.5 GHz

Sentinel-3 NG TBD TBD

Sentinel-6B +NG
“JASON-CS-B”

AMR-C 18.7-34 GHz

EPS-Sterna Sterna MWR (AWS) 50-325 GHz Flag by geometry + stats

Copernicus
Expansion
(Joint with ESA) 

CIMR-1/2 (06/18) CIMR 1.4-36.5 GHz ESA responsible for L1
Manoeuvres to view space
Correct for Moon - TBC

(Provided by Tim Hewison)
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EPS-SG/MWS
• 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

• MWS has  5 space views
• Not all usually contaminated – just used unflagged ones

• Optionally apply possible correction (in case all views contaminated):
• Apply to cleanest Space View -with lowest count
• Follow Yang et al. 2018, BT of Moon:

• in channel, j, as function of function of the angle between Sun and Moon
• With coefficients vtbmoon,
• Convert BT into radiances using the Planck function
• Convolve with Antenna Pattern to define antenna efficiency
• Calculate solid angle for Moon disc
• Simplify by assuming Gaussian to calculate δRmoon–see below
• Subtract lunar radiance from corresponding space view radiance
• Use corrected space view radiance in calibration as usual
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(Provided by Tim Hewison)
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EPS-SG/MWI+ICI
• MWI and ICI are conical-scanning systems
• View cold sky every scan through Space View Reflector
• Per scan cycle MWI has 38 space samples over ~4°validity window, 28 for ICI over ~5°

• Not all usually contaminated by Moon intrusion 

Detection:
• Flag for Moon contamination correction of each Space View position

• Threshold (currently set to 2°) for angle difference in SVR frame between:
-unit vector centred on the Moon and directed to the satellite (Moon angle)
-unit vector pointing in the boresight direction of the SVR

• Flagged space samples are not used for calibration, use only the unflagged ones.

Correction (descoped for Day 1, applicability to conically scanners to be demonstrated):
• Follows Mo and Kigawa(2007) method:
1) The band-average BT of Moon for scan i as function of the angle between Sun and Moon is

!"!""#($) = 95.21+104.63 1 [1−456(7$%#_!""#($))]+11.62 1 [1+456(2 17$%#_!""#($))]
2) Apply Band-average correction:

!"!""#' $,: = 4 : 1!"!""#($)+;($)
3) Convert BT into radiance Rmoonusing the Planck function.
4) Compute Moon Radiance contribution to cold space radiance:

with: G is antenna pattern function corresponding to Moon position in the SVR frame
β is area ratio of the Lunar disk, computed pre-launch

dr is moon correction distance ratio , <(($) = )!
)(+)

-

d0 is average Moon-Earth distance, d I s the Moon-satellite actual distance
5) The moon count correction ∆". is calculated from ∆#. $,&/, ' :
6) The contaminated cold counts are then corrected:
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ICI basic 
repeat cycle

MWI basic 
repeat cycle
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(Provided by Tim Hewison)
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