sl THE USE OF DEEP LEARNING STRATEGIES FOR SATELLITE INFRARED

e SPECTROMETER OBSERVATIONS
APPLICATION TO CLOUD PHASE CLASSIFICATION FROM IASI OBSERVATIONS
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Clouds always cover approximately 60% of the globe [1] and are thus an important part of the climate system. Their detection and classification are vital for the analysis of remote
sensing data and validation of climate models [2]. Their identification generally comes from visible and infrared satellite observations that are very sensitive to the presence of
clouds and from geostationary satellites, offering continuous measurements.

Most retrieval and classification methods are physics-based [3,4] and performed at the pixel level, but recently Machine Learning (ML) methods have been developed to improve
such physical methods [5,6]. Even more recently, Deep Learning (DL) techniques that seek to exploit spatial structures using image processing have emerged [7], proving
that the content in information of neighboring pixels can be useful to detect specific cloud patterns [8].

In this study, we propose to use Infrared Atmospheric Sounding Interferometer (IASI) L1c observations [9] to infer —using an image-processing approach— a classification of
cloud phase into four classes: clear, water, ice, two-level ice, based on the SEVIRI-based Optimal Cloud Analysis (OCA) Climate Data Record (CDR) [10].
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During training, all pixels that do not fall over the Meteosat disk are marked
as missing (they do not contribute to the loss) because no target output is
available. This is made possible using partial convolutions [11] that
performs the convolution operation only on available pixels. Snow or sea-
ice covered pixels are also masked out.

In operational mode, the CNN model is able to infer the cloud phase for all
pixels of the IASI orbit. A global cloud phase classification is therefore
possible.

Transforming the IASI orbits into images allows for the use of CNNs. Using the neighboring pixels means the
neural network can find spatial patterns present in the images which is important for cloud property retrievals.
This leads to a good detection and classification of clouds from IASI measurements. With this scheme, ice clouds
can be retrieved, which is not possible using a pixelwise approach.

The use of partial convolutions for training allows for the use of CNNs on databases with a large amount of
missing data and for a near real-time retrieval of full IAS| orbits, therefore extending the OCA Cloud Phase
Product globally.

The output of the network (i.e., the probability of a pixel being in each class) can in fact be used as a proxy for
the fraction of each class inside each IASI pixel. This lets us believe there is a potential to downscale the IASI
orbits to SEVIRI spatial resolution.

We reprocessed the entire 2014-2021 Metop-B archive to create a consistent IAS|-based Cloud Classification
product. The product is available on demand.



