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ATMOSPHERIC ICE MASS RETRIEVALS

Frozen Water Path (FWP)

 The amount of total ice (cloud-ice, snow, hail) in a vertical
column of the atmosphere'.

* Important to understand hydrological cycle, radiative impact
of clouds and latent heat fluxes.

« So far, most accurate estimates by satellite cloud radar
(CloudSat, EarthCARE) and the Chalmers Cloud Ice
Climatology, with estimates inferred from geo-stationary IR
observations.

 Now, FWP from passive sub-mm measurements.

Method

« Database of brightness temperatures and corresponding
FWP from high-quality simulations with ice scattering.

 Use database to train Quantile Regression Neural Network
(QRNN).

*  Apply QRNN on calibrated and remapped satellite
observations to get FWP retrievals (level 2 data).
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*FWP is the total Ice Water Path (IWP), which includes all ice, not just cloud-ice.
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WITH THE ARCTIC WEATHER SATELLITE

Arctic Weather Satellite (AWS) and sub-mm

* First operational satellite with radiometer sensitive to sub-
mm wavelengths (325 GHz) launched 2024.

* |ce particles scatter radiation at sub-mm frequencies,
allowing us to quantify the amount of ice.
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Simulation demonstrating sub-mm sensitivity to atmospheric ice. Notice the difference in how top-of-
atmosphere brightness temperatures are affected by ice / Snow Water Content (SWC) in the 183 GHz
and the new sub-mm 325 GHz region. This difference allows the method to measure ice and isolate it
from Rain Water Content (RWC). Shaded regions show channel bands.

Key Points

* Introducing a new source of estimates of ice mass in the
atmosphere from a new type of instrument.

 Level 2 dataset of FWP will be made available this year.
 QRNN provides uncertainty estimates of retrieved values.

 Significantly wider swath for FWP retrievals (800 km) than
radar/lidar (approximately 1km).

 Early results show agreement with previous FWP datasets.

Zonal Mean
0.25 - Too high retrievals over snow-covered land
- Arctic Weather Satellite FWP due to suspected incorrect sub-mm emissivity
o Chalmers Cloud Ice Climatology assumptions in simulations. Will be improved.
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Average AWS FWRP estimates over latitudes during January-May 2025, compared with two previously
available FWP datasets: the Chalmers Cloud Ice Climatology, which infers FWP from geostationary IR
observations, and DARDAR, a FWP product derived from CloudSat observations.

This approach has applications in exciting future missions:

« EPS Sterna: Constellation of 6 satellites like AWS with a 13-
year mission duration.

 Metop-SGB Ice Cloud Imager: Radiometer sensitive to
183-664 GHz with mission life-time > 20 years. Higher
frequencies allow resolving amount of ice also in altitude.
See related work: May and Eriksson (2025).
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