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Today

• Thermal model basics

• New: accuracy analysis 

• New: comparison with more datasets

• Outlook
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Thermal Model 1/2
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Geometry
• Sub-solar point
• Sub-spacecraft point
• Solar distance
• Observer distance

Wohlfarth et al. 2023
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Surface
• Fractal

Roughness
 𝜃 = 30°

• Emissivity
𝜀(𝜆, 𝑒)

Wohlfarth et al. 2023
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Thermal Model 1/2
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Geometry
• Sub-solar point
• Sub-spacecraft point
• Solar distance
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Surface
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Model
• Self-scattering
• Self-heating
• Efficient linear

algebra  fast
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Thermal Model 1/2

2/16

Geometry
• Sub-solar point
• Sub-spacecraft point
• Solar distance
• Observer distance

Surface
• Fractal

Roughness
 𝜃 = 30°

• Emissivity
𝜀(𝜆, 𝑒)

Result
• Disk-resolved
• Projected
• Radiance
[W/m²/μm/sr]

Model
• Self-scattering
• Self-heating
• Efficient linear

algebra  fast

Wohlfarth et al. 2023



Image Analysis Group

TU Dortmund University

K. Wohlfarth | 2024/03/12

ϕ = 0° ϕ = 180°

Thermal model 2/2

Disk-integrated simulations 

Consider the „usual suspects“

• Point/line spread function

• Spectral response 
• Solid angle per pixel
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Datasets

1. Gaofen-4 resolved, 4.8μm Wu et al. 2021

2. Diviner LRO tracks, 8.25 μm, 25-41 μm Bandfield et al. 2015
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Datasets

1. Gaofen-4 resolved, 4.8μm Wu et al. 2021

2. Diviner LROC tracks, 8.25 μm, 25-41 μm Bandfield et al. 2015

3. HIRS-2/3/4 NOAA, MetOp inegrated, 19 ch, 3-13 μm Müller et al. 2021

4. FOREST-2 resolved, 3.8; 8.8; 11.4 μm Ororatech
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Datasets

1. Gaofen-4 resolved, 4.8μm Wu et al. 2021

2. Diviner LROC tracks, 8.25 μm, 25-41 μm Bandfield et al. 2015

3. HIRS-2/3/4 NOAA, MetOp inegrated, 19 ch, 3-13 μm Müller et al. 2021

4. FOREST-2 resolved, 3.8; 8.8; 11.4 μm Ororatech

5. MODIS Aqua, Terra resolved, 6 ch, 3.6-12.3 μm

6. VIIRS J1, J2, NPP resolved, 5 ch, 3.6-12.5 μm 

7. SLSTR Sentinel-3 A, B resolved 
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Measurement July 30, 2018 (Wu et al. 2018)
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 𝜃 = 22.87°

Measurement July 30, 2018 (Wu et al. 2018) Our model (Wohlfarth et al. 

2023)



Image Analysis Group

TU Dortmund University

K. Wohlfarth | 2024/03/12

RMSE between model and measurement
for July 30, 2018

 Avg. RMSE =  0.2325 W m-2µm-1sr-1

 Avg. RMSE/max radiance = 2.91 %
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RMSE between model and measurement
for July 30, 2018

 Avg. RMSE =  0.2325 W m-2µm-1sr-1

 Avg. RMSE/max radiance = 2.91 %
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RMSE between model and measurement
for July 30, 2018

 Avg. RMSE =  0.2325 W m-2µm-1sr-1

 Avg. RMSE/max radiance = 2.91 %

Data

Rough

Smooth
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RMSE between model and measurement
for July 30, 2018

 Avg. RMSE =  0.2325 W m-2µm-1sr-1

 Avg. RMSE/max radiance = 2.91 %

Ejecta blanket of Copernicus
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RMSE between model and measurement
for July 30, 2018

 Avg. RMSE =  0.2325 W m-2µm-1sr-1

 Avg. RMSE/max radiance = 2.91 %

Titanium rich mare
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RMSE between model and measurement
for July 30, 2018

for July 25, 2018

 Avg. RMSE =  0.1985 W m-2µm-1sr-1

 Avg. RMSE/max radiance = 2.48 %

 Avg. RMSE =  0.2325 W m-2µm-1sr-1

 Avg. RMSE/max radiance = 2.91 %
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Diviner EPF Measurements

7/16

Wohlfarth et al. 2023, EPF positions from

Bandfield et al. 2015



Image Analysis Group

TU Dortmund University

K. Wohlfarth | 2024/03/12



Image Analysis Group

TU Dortmund University

K. Wohlfarth | 2024/03/12

Validation with Diviner: EPF

 𝜃 = 28°
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Validation with Diviner: EPF

 RMSE ch. 4 = 5.5982 K
 RMSE ch. 7 = 6.1130 K
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HIRS-2/3/4
Channel 8
11.1 μm

NOAA-11
NOAA-14
NOAA-15
NOAA-17
NOAA-18
NOAA-19
MetOp-A
MetOp-B
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HIRS-2/3/4
Channel 8
11.1 μm

NOAA-11
NOAA-14
NOAA-15
NOAA-17
NOAA-18
NOAA-19
MetOp-A
MetOp-B

Müller et al. 2021
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FOREST-2
OroraTech 
LWIR band 2
11.4 μm

nanosats.eu
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FOREST-2
OroraTech 
LWIR band 2
11.4 μm
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Conclusion

• Successful validation on the Moon (Gaofen-4 in MIR and Diviner in TIR)

• New comparison with HIRS-1/2/3 on NOAA and MetOp 

excellent agreement, also resembles Müller et al. 2021

• New comparison with ORORATECH Forest-2 L2 (11.4 μm)

Good agreement

• More datasets in the future!

• Get the interfacing right for professional use.


