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Land Surface Temperature Retrieval

The FOREST-2 mission marks a notable advancement towards our

objective to achieve a

sub-daily land surface temperature (LST)

product with a spatial resolution of 200m GSD or better. The
integration of uncooled microbolometer technology is not only
more cost-effective, but it is also highly scalable when compared
to other cooled sensor systems. By implementing this technology
on a larger scale, we are on track to provide a sub-daily, global LST
product by the end of 2024. Further extensions to the sensor
network will enhance the revisit cadence to 30 minutes in the

coming years.

Retrieval
Algorithms

Emissivity
Modeling

Our sensor features two long-wave infrared and a
mid-wave infrared band. Given the wide bandwidth of
these channels we opt for a single channel retrieval
algorithm. This is implemented by directly solving the
radiative transfer equation for the surface temp-
erature and applying a subsequent linear calibration
layer. In later hardware iterations we will consider to
implement a split-window algorithm as well.

Accurate estimation of the underlying surface
emissivity is detrimental to a precise LST data
product. We rely on an ensemble of emissivity
models that are based on Sentinel-2 NDVI
measurements as well as a variety of land
classfication datasets [1]. We obtain specific emis-
sivity values by convoluting our sensors band re-
sponse with spectra from the ECOSTRESS spectral

Diogo Rio Fernandes, Patrick Schnierle,

Julia Gottfriedsen, Marc Seifert, Martin Langer

from the uncooled Microbolometer
array of FOREST-2.

OroraTech GmbH, St.-Martin-Str. 112-114, 81669 Munich,
Germany

FOREST-2

295 B
290
285 EEIEY
100 150 200 250 300 50 100 150 200 250 300

280

Figure 1: Quasi-simultaneous overpass of VIIRS and FOREST-2
in Burundi, East Africa.

Atmospheric We model the atmospheric upwelling and down-

welling radiances as well as its transmittance

Modeling explicitly using the LibRadTran framework. Using a
variety of atmospheric forecasts we are able to
model sub-daily variations of the stratified molecular
species as well as temperature and pressure
gradients. The model computations are performed for
a number of input samples before interpolating the
results on a raster for further LST processing.

H H In order to calibrate and validate our LST data product
Valldatlon we chose a multi-step approach to get the best
possible product. This entails cross-sensor validation
with other missions, such as Landsat, VIIRS and
ECOSTRESS. Additionally, we compare against the
global network of in-situ measurement ground
stations such as SURFRAD and the GBOV network. An
initial validation result can be seen in Figure 3.
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The atmospheric model's performance
was  evaluated using hemispheric
downwelling irradiance data from seven
NOAA SURFRAD stations over a year,
resulting in an 8% MAPE. The validation
provides insight, but the bands of FOREST-
2 represent only a fraction of the ground
stations' radiometric measurements, so
the validation is not entirely representative
of the model's specific performance for
our instrument. Figure 2 displays the 150 200 250 300 350 400 450 500

The team researched methods to increase the spatial resolution of data products by
using multi-spectral super-resolution (MSSR) to fuse additional high-resolution datasets.
The model conducts uncertainty quantification for every pixel in the output product,
which will be calibrated in the future. The team achieved a significant increase in spatial
detail, as shown in Figure 4, that may provide better insight into local irrigation
management. The results will be compared with higher resolution thermal sensors to
validate the model. Although not able to fully reconstruct the smallest scale detail, the
model still adds significant value to the resulting data product.
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