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investigate cloud effects on sub-millimeter wavelengths

Gunnar Behrens, Anqi Li, Eleanor May, Peter McEvoy, and Patrick Eriksson

Eesa



1. Introduction

Swedish Ice Clouds are the most beautiful in the world... but can we
investigate them by collocating EarthCARE and the Arctic Weather Satellite?
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1. Introduction

Area of Colocations Arctic AWS vs. EarthCARE Measurements
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Sadly not ... But we can study a large portion of convective processes in the Arctic

between 77°N and 83°N combining EarthCARE and AWS
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2. Arctic Weather Satellite (AWS)

AWS radiometer (Eriksson et al. 2025):
* 3 microwave bands at 50, 89, 175 GHz with in total

15 channels

* 4 sub-millimeter channels (>300 GHz)
» Sub-millimeter = higher sensitivity to cloud ice

compared to lower frequencies

» Footprint size of 89, 175 and 325 GHz bands ~10 km
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4. Results

Cloud signal = difference in brightness
temperatures between AWS channels caused by
presence of cloud
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4. Results

Cloud signal = difference in brightness
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4. Results

Cloud signal = difference in brightness

CPR October 2025 Arctic [dBz]
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4. Results

Cloud signal = difference in brightness
temperatures between AWS channels caused by
presence of cloud

Large agreement AWS cloud signals and averaged
CPR BA data

« Samples along 1:1 ratio of AWS33 vs AWS44 (cloud
free), maximum CPR < -20 dBZ

+ ,Cloud arm®:
- AWS44 << AWS33 indicates cloud
- Increasing dBz with growing cloud signal
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4. Results

31 October 2025, Laptev Sea:
AWS perspective:

» Good agreement between cloud
signal (,cloud arm®) in AWS
(AWS33-44) and averaged
max. CPR radar reflectivity

» Sharp boundaries in AWS31,
AWS21 related to sea-ice
edges

How does the situation look
like from the EarthCARE
perspective?
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4. Results

31 October 2025, Laptev Sea:

« Enhanced AWS cloud signals
(,cloud arm®) if ice clouds are
present

AWS brightness temperatures AWS33 179 GHz and AWS44 325 GHz
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AWS brightness temperatures AWS33 179 GHz and AWS44 325 GHz

4 R It l‘%zso : AWS443256H§ J qr J|— Ice clouds 'I-Il.l_ ‘ \ HI _F F
@ 248 A L il - LA Sl f
- ReSUltsS RO "| TR St
g . Ice
31 October 2025, Laptev Sea: £ clouds
1002: o e 31Eoe?l::thARE CPR refI'3 ctT\jisty factor ne e
 Enhanced AWS cloud signals .« Sea Ice Edge
(,cloud arm®) if ice clouds are £« '’
present £ o
N ! o A
« Strong influence of surface
albedos On AWS br'ghtness 10000 EarthCARE CAP liquid (pale blue) / ice water content (grey) [g/m?]
temperatures (thin sea ice, o0
£ 6000 —
open water and topography) =™ w | o A
T | | 4
2000 'll\
q M | e ——— \M m ..m..- MM‘MNW‘ MI "" H [
3109:43 31 09:44 31 09:45 EarthCare illn?z 146 31 09 47 3109:48
® | C — ®

6 Behrens et al., in prep  2026-06-11



4. Results

31 October 2025, Laptev Sea:

Enhanced AWS cloud signals
(,cloud arm®) if ice clouds are
present

Strong influence of surface
albedos on AWS brightness
temperatures (thin sea ice,
open water and topography)

Mixed phase and liquid
clouds damp AWS cloud
signals as expected
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4. Results

» Can we reproduce CPR
profiles based on AWS data
from July, October 25 with
Quantile Neural Networks?
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4. Results

« Can we reproduce CPR
profiles based on AWS data
from July, October 25 with
Quantile Neural Networks?

* Initial tests show potential to

retrieve CPR features down
to -20 dBZ

 Surprising potential to
retrieve radar reflectivities
also near the ground
(retrieving snow?)
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5. Summary and Outlook

CHALMERS

» Agreement between AWS cloud signals and CPR radar reflectivities in statistical
sense

 Higher thicker ice clouds in CPR visible in AWS raw data

» Weaker cloud signals for mixed-phase clouds and sensitivity of AWS wrt surface
emissivity changes

« Initial ML experiments: ML retrieval could predict CPR reflectivities until -20 dBZ
based on AWS data

* Next steps: Expand colocation look-up table, colocation data base and
develop a final version of ML retrieval over the Arctic as part of ESA CCI cloud
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Laptev Sea:

averaged CPR based on
AWS footprint, outer
swath ~30km, inner
swath ~10km

a) Collocated EarthCare CPR data [dBz], 31 Oct 25, 09:48, Laptev Sea

10
8.
£
X 61
_'E» 4 - Bl e
()
; B ‘
gl T M 5
0 20 40 60 80 100 120 140
-30 —éS —éO —III.S -10 -5 0
b) AWS samples closest to EarthCare orbit
—— AWS 33
_. 250 —— AWS 44
e )
=249
e |
E 248
£ 247 A
N \ 4
S 246 """ﬁ,h
Q
v 245 -
2 24
244
2431 | | | | | | |
0 20 40 60 80 100 120 140

AWS swath iD




3. Colocation Database
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3. Colocation Database
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3. Colocation Database

v

3) Generate Colocation Database:

« AWS 89, 175, 325 GHz channels

» averaged EarthCARE CPR radar reflectivities
July 25, October 25
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3. Colocation Database

3) Generate Colocation Database:

« AWS 89, 175, 325 GHz channels

» averaged EarthCARE CPR radar reflectivities
July 25, October 25

*use of version BA and BC
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Test data:

Predicting CPR
based on AWS

channels (July,
October 25)
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