Fog detection through full exploitation of satellite observations
using machine learning
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1. Introduction

Fog affects human life and various ecosystems as well as the climate S IEli'{f,Zi‘iLi‘fireLu\ Jarerews o] |El‘i§',21‘i!?n‘fi;w| ‘Eéi’é’f’o‘fi'a"” ‘Amon:agmid \ g pioiner e
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system. For a better understanding of the underlying mechanisms, more ‘ ’ — — dry

accurate observations are required. State-of-the-art satellite-based
approaches, which can provide sufficient spatial coverage, suffer from
limited detection skill and a bias towards certain fog types under specific _ Fig. 5: Left: schematic of the
atmospheric and surface conditions. Machine learning opens up new RV W seheme [ Multi-layer perceptron setup.

: cye : _ Right: Histogram of the neural
research pathways exceeding the capabillities of conventional methods.
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retrievals being frequently affected by fog and exhibiting constant ey et oy | binay - fog - prediction
background emissivity due to the lack of lush vegetation. Ground-based (@) Feb ) Sep'

references are provided by weather stations built by the Collaborative
Research Center 1211 (Dunal et al. 2020). We develop novel fog retrievals
to study fog behavior under the following objectives:

1. Build algorithms which exploit spectral channels a
(BOhm et al. 2021) and spatial features _—

2. Identify fog characteristics via explainable ML .

3. Determine spatiotemporal fog variability

Fig. 1: Topography of the Atacama Desert
derived from the Shuttle Radar Topographic
\ mission (SRTM). Locations of weather
L Wi stations with respective mean fog
' frequency indicated in

black part of
pie chart.
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Fig. 6: 19-year climatology of nocturnal fog frequencies (23h and
2h overpasses betw. 2003-2021) for (a) February (lowest coastal
fog freq.) and (b) September (highest coastal fog freq.). Magenta
dots: Ground-based stations. Red contour: salt flats.
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Fig. 2. Photos of a) coastal morning
fog near station 13 (29 June 2017, 9:00
LT) and b) Tillandsia dune at Cerro
Oyarbide within coastal fog ecosystem
(Jaeschke et al. 2019).
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5. Fog from spectral and spatial dimensions — GOES

Fig. 7: GOES visible image for 9 August 2019 at
8:40 LT. The residuals of fog which formed during
the preceding night can be seen in the central
valley. Fog occurrence in this region is typical for

early Spring (c.f. Fig. 6).
Platform/instrument Period Description and utilized channels
Measurements of Leaf Wetness Sensor voltage U, relative '
Ground-lzats_eg wiEElEl pzrggr-]t humidity rh, temperature at 2m and surface with A9 = 9,,,, —
Stations Usrr, longwave radiation budget AP (Schween et al. 2020)
Moderate Resolution 1km nadir resolution; polar orbit; overpasses ~ 23h and 2h (LT)
Imaging 2002- 15 thermal emissive bands (3.75—-14um) Chal_le_nges; o | | |
SpectroRadiometer oresent spectral radiances from level-1B Calibrated Radiances Product « training with limited annotations (climate stations)
(MODIS) on Terra and (MODO021KM, MYDO021KM,;
Agua satellites MODIS Characterization Support Team 2017)
Advanced Baseline Images 2 km nadir resolution; geostationary; temp. resol. 10 to 15 min
(ABI) on the Geostationary n2018- 10 emissive bands (3.75-13.3um) , 6 visible (0.47-2.26um) _ . _ _ _
Operational Environmental present brightness temperatures, reflectances * daytime and twilight situations = varying solar
Satellite (GOES) data source: Andi Walther, SSEC, University of Wisconsin component for NIR channels

3. Ground-based fog retrieval
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* state of leaf wetness sensor

* refined based on additional
measurements to account for
adjustment time at begin and
end of fog episodes

* suitable thresholds derived via
self-organizing maps (SOMs)
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Fig. 3: SOM for climate station 13. Value ranges that typically
coincide are displayed in the same region of each map. Atyeszary:

time until a wet leaf wetness sensor switches to dry, AtyeizqryVice
versa. White frames: sensor is wet. +/-: dry/wet classification flipped.

Fig. 4: Ground-based fog classification scheme.
Thresholds used to refine an initial classification
based on the leaf wetnhess sensor voltage were
derived by visual inspection of the SOMs.
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