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Thermal domain directional effects in flying missions: Landsat-8 and Master
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Open questions for Trishna
e What is the error budget of directional effects ?
e Do we have to correct for directional effects
outside of the hotspot ?
e What is the width of the hotspot ?

How to adress them
e Simulation (DART, scope ...)

e Field campaign and instrumentation

This study tries an orthogonal path

e Look for directional effects in existing data:
e 2 satellite TIR observations at the same time
e In the same wavelengths
e With different viewing angles

e Today talk: MASTER vs. Landsat-8
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Introduction

Master (https://masterprojects.jpl.nasa.gov/)

e Airborne TIR sensor from NASA
e FOV + 45°, Spatial resolution 15m-30m
e 658 flights between 1998 and 2022
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Figure 1: Location of Landsat-8 and MASTER simultaneous
acquisitions
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Processing and parametric directional models

Main Processing steps

Reproject on common 100m grid
Interpolate MASTER emissivity from c47 and c48

Compute Surface Brightness Temperature (SBT)
using B10 for Landsat-8 and interpolated emissivity
for MASTER: SBT = B} (emis x By\(LST))

Remove bias per track based on Nadir (<7°) pixels

Dataset available on Zenodo

Parametric directional models
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Model Isotropic ~ Volumetric Geometric / Hotpsot
Ross-Li ko + ki KRossThick (v, 0s, Dphi)  +k2 KiisparseR(Ov, Os, Dphi)
LSF-Li ko + k1 Kigg(6v, 0s, Aphi) +k2 KiiDenseR(Ov, Os, Aphi)
Vinnikov kg + ki Kemis(e\,, Os, Aphi) +ko K50|ar(0\,, Os, Aphi)
RL ko + ko KrL(Ov, Os, Dphis kns)
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Surface Brightness Temperature differences (Landsat-8 - Master)
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Figure 2: Surface Brightness Temperature Difference in polar
coordinates representing Master viewing angle. Mean solar Figure 3: Surface Brightness Temperature Difference maps
position is marked by yellow star.
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Amplitude of directional effects

Figure 4: Surface Brightness Temperature Difference wrt.

Master signed view zenith angle
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TIR directional eff

Trishna
id Min. -34° 34°  amp.
(1) 0.25 1.12 249 2726
(2) -1.24 262 -119 3.85
(3) -0.29 0.64 2.03 232
(4) -0.40 -0.18 1.18 1.57
(5) -0.12 1.38 0.19 1.50
(6) -0.27 0.40 149 1.75
(7 -0.51 146 -0.04 198
(8) -0.65 2.43 0.13 3.08
(9) -0.12 1.82 -0.04 195
(10) -0.32 1.82 1.52 213
(11) 020 264 203 285
(12) -2.35 217 -254 471

dsat-8 vs. MASTER

Table 1: Amplitude of directional effects within Trishna FOV
for each track
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Model fitting, separately on each track

id Amp
Raw | Vin. RL Ross LSF
] e B ol | =y - (1) 341 | 0.63 1.056 1.03 0.79
E (2) 488 | 0.27 054 1.09 1.10
: (3) 355 | 0.46 098 1.09 1.26
(4) 157 | 1.45 157 154 150
(5) 186 | 0.37 044 030 0.21
i I Hilsr—y it = (6) | 267 | 026 037 060 0.45
- - a - (7 251 | 0.37 092 087 0.78
r = e B . (8) 409 | 0.79 125 0.72 0.42
(9) 3.06 | 053 089 1.05 0.79
| | — e | et || = (10) | 3.85 | 2.63 2583 155 261
- - - I (11) | 423 | 1.13 140 091 1.05
S i W Ca (12) | 625 | 0.68 045 0.65 0.50
Figure 5: Surface Brightness Temperature variation in %, Table 2: Performances of each of the 4 fitted models on each
with the 4 fitted models track
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Model fitting, on all tracks except for (4) and (10)

id Amp

Raw | Vin. RL Ross LSF

— En = - (1) 341 | 1.15 142 1.89 0.99

(2) 488 | 1.02 1.77 207 221

3 (3) 355 | 1.45 1.09 1.80 138

(4) 157 | 1.97 152 152 1.73

1 ¥ (5) 1.86 | 096 054 0.63 1.12

1 3 = g = 1 (6) | 267 | 062 037 094 070

- - a - (7 251 | 0.81 0.84 1.07 1.47

------ = = (8) 409 | 1.41 152 172 095

(9) 3.06 | 090 1.83 192 159

| = | (10) | 3.85 | 3.09 322 297 284

= - = (11) 423 | 285 212 298 194

T A i i Y (12) | 625 | 251 289 213 157
Figure 6: Surface Brightness Temperature variation in %, Table 3: Performances of each of the 4 fitted models on each

with the 4 fitted models track

Ao S

J. Michel TIR directi | eff Landsat-8 vs. MASTER 2023.05.12, Thermal EO Workshop, ESA, Italy 6




Examples of Master SBT correction with estimated models
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Figure 7: Corrected SBT differences with model fitted on Figure 8: Corrected SBT differences with model fitted on all
each tra&k separately tracks at once, except for (4) and (10)
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Conclusions

What is the error budget of directional effects 7
e Up to 4.7K in Trishna FOV
e For California landscape, at 10:30 AM, within LS8 B10 wavelengths

Do we have to correct for directional effects outside of the hotspot ?
e There are effects even far from hospot conditions

e Local models reduce error below 1K, global models below 2K

What is the width of the hotspot ?

Figure 9: Global directional models in solar and viewing conditions of track (12)
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