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Findings

High resolution airborne measurements show more detailed structures.

Thin clouds are below noise level in satellite data.

- potential overestimation of derived quantities

Overestimation of cloud top in CLOUDSAT due to the coarse resolution
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EGU2020: AS2.8 Clouds, m0|sture and precipitation in the Polar Regions: Sources, processes and impacts

Modelling allows us to investigate processes leading to remote sensing signal.

Blind zone CLOUDSAT -> precipitation in the boundary layer is frequent and thus often missed.

Satellite overestimation of average backscatter and reflectivity due to non-uniform beam filling

thus, also potential overestimation of ice content in liquid layer in synergistic retrievals from satellite

Pattern in overestimation of reflectivity appears to be very uniform over several instruments.
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Zooming in on Arctic clouds: ACLOUD Campaign

A case study comparing A-Train and airborne remote sensing measurements.
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Campaign details Measurements onboard POLAR 5 (remote sensing aircraft)

ACLOUD Campaign:

Basic Meteorology at aircraft

Dropsondes
Intensive measurement campaign

with detailed measurements for ground (Ny-Alesund),
Ship (Polarstern) and Aircrafts (POLAR 5 & 6)
On and in the vicinity of Svalbard at the marginal sea ice zone §

Turbulence Measurements (Nose Boom)

Broadband Radiation measurements
Spectral Radiation measurements

Main Goal: Investigate the Role of Clouds and Aerosol in Arctic Amplification.

Spectral radiance -> AISA Eagle/Hawk
More Details: Wendisch et al. 2020

Backscatter at visible and UV wavelength > AMALI

Brightness temperatures in microwave spectrum &
Radar Reflectivity at 94 GHz - MIiRAC

Case study on research flight 06.
2017-05-27 A-TRAIN overpass during a cold air outbreak.

‘Map-of all research flights [— Polars | L
e —w —— Polar 6 Measuring Arctic mixed phase clouds
we expect to see:

super-cooled water nigh lidar signal
nigh reflectivity (VIS)
nigh emission 89GHz

ice crystals high Ze

AlISA Eagle

ice precipitating very high Ze
(microwave reflectivity)
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Zooming in on Arctic clouds: Dropsonde Measurements & Synoptic Situation
A case study comparing A-Train and airborne remote sensing measurements.

Birte Solveig Kulla, Elena Ruiz-Donoso, Leif-Leonard Kliesch, Mario Mech, Christoph Ritter, Vera Schemann and Susanne Crewell

Dropsonde 1

occurrence of lidar signal

Dropsonde 2

Dropsonde 3

Synoptic situation
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Zooming in on Arctic clouds: Modis & AISA Eagle

A case study comparing A-Train and airborne remote sensing measurements.
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Zooming in on Arctic clouds: Fine Resolution
A case study comparing A-Train and airborne remote sensing measurements.
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Why we need passive and active remote sensing: getting an idea of the actual cloud structure

Homogeneous and The upper cloud Igyer appears to Upper cloud layer evolves towards an optically The upper cloud layer dissipates. The
optically thin lower cloud precipitate down into the lower cloud thicker and homogeneous state. Lower cloud lower layer evolved, now broken and
layer. layer. layer becomes harder to detect. optically thinner.
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Zooming in on Arctic clouds: CALIOP & AMALI - Lidar

A case study comparing A-Train and airborne remote sensing measurements.
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Zooming in on Arctic clouds: CLOUDSAT CPR & MIRAC - Radar

A case study comparing A-Train and airborne remote sensing measurements.
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Radar measurements are sensitive to particle size. Large particles will
dominate the signal

- high reflectivity (orange) where we observe large ice crystals

- high reflectivity at low altitudes indicates snowfall

Single streaks visible, more distinct in airborne measurement

Cloud top overestimated by a few hundred meters.

| A ‘
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Optically thinner clouds below noise level in CALIOP data

il

Blind zone (ground clutter influence): 600 — 1200m (MAHN et al. 2014,

LIU et al. 2015)

- here signal above 800m looks reasonable. 150m for MiRAC

i

Frequency Modulated
Continuous Wave (FMCW) Radar
at 94 GHz

Resolution (at current setting):
vertical: 13.5m

at 25deg inclination 2> 12.2m
horizontal: 1.3s-> ca. 90 m

Footprint: HPBW :0.85° -
approx. 44.5m at ground

Sensitivity: -40dBZ

More details: MECH et al. 2019

MIRAC CLOUDSAT CPR

Cloud Profiling Radar
short-pulse profiling
at 94 GHz

Resolution:

vertical: 485 m

(Range Sampling 240m)
horizontal : 0.16 s =2 1.09 km

Footprint: 1.3*1.7km at
ground

Sensitivity: -30dBZ

More details: STEPHENS et al.

2008
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Zooming in on Arctic clouds: AMSU-A & MIRAC-passive 89 GHz

A case study comparing A-Train and airborne remote sensing measurements.
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Zooming in on Arctic clouds:
A case study comparing A-Train and airborne remote sensing measurements.
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(TR CRRR.  chu SN -’-1,4-«’ ALk o, AR s “*ﬁvﬁg‘ state-of-the-art forward models, gives the | |
possibility to evaluate and to eventually improve Differences between model and observations and
— = atmospheric models by comparison with next steps:
S = measurements in the observation space. e Synoptic situation produces very variable cloud
= . field; direct comparison difficult - statistical
Z G i ates.
= ~ e Vertically fixed CCN/IN overestimates ice water
2 E ICON-LEM (Large-Eddy-Model): content (high reflectivity) and underestimates
§ \ o Forced at the boundaries by ECMWE IES data (variability in 89 GHz); variable CCN/IN results in
280 | | y to few ice - test further parameterizations
_ o TN ° E;?](aa% SS'(')mrr‘]J)lat'O”S are one-way nested (600, 300, e Surface emissivity assumption (e = 0.75 for
S 220 E coverage > 50%) in transitional sea ice zone to
S -200 e Two-moment microphysics scheme by Seifert coarse in PAMTRA - more complex assumption
= = and Beheng e Vertical and horizontal resolution of
-:% f_é,'-“ PAMTRA (Passive and Active Microwave TRAnsfer 2??53;52;2;2”%%223 do not match - folding
2 model; Mech et al., 2020)
¥

hydrometeors (ICON) S II 600

| | e Importers for a large variety of models and .
Longitude [°] inclusion of their hydrometeor/psd assumptions
State-of-the-art treatment of surface emissivity,
_20 _30 50 _10 gcjaseoous.absorptlop, hydromet.eors, partlgle Size | gen Yo T Dt frn e SRR Y :

Radar Reflectivity [dBZ] distributions, and single scattering properties QAT PEERGER S Overview

Radar reflectivity at 94 GHz and TB at 89 GHz (blue) with horizontal polarization and ‘ ' |
243 (orange) and 340 GHz (green) with mixed polarization as measured by the MIRAC

instrument (a) and simulated radar reflectivity and TB with ICON-LEM and PAMTRA with Enomentf and 1D polarized brightness 78°N
two different assumptions on CCN and IN activation: parameterized (b) and vertically emperatures

fixed (c). 5w 0° 5°F 10°F

e Full radar Doppler spectrum and higher
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Zooming in on Arctic clouds:
A case study comparing A-Train and airborne remote sensing measurements.

Birte Solveig Kulla, Elena Ruiz-Donoso, Leif-Leonard Kliesch, Mario Mech, Christoph Ritter, Vera Schemann and Susanne Crewell

Findings

High resolution airborne measurements show more detailed structures of clouds
For example here (passive VIS), here (Lidar) or here (Radar).

Thin clouds may be below noise level.

. . . 'rl_slyg' T
Compare the orange circles here (Lidar) and here (Radar). | M”JU"}}‘ ﬁ;ﬁw»;
Ol
sk"}‘;“' .vf‘nn i
: e , i Bt S | AL
Blind zone CLOUDSAT - precipitation in the boundary layer is frequent and thus often missed ,a";j,‘.{‘ |
Here we only observe one case of a low, precipitating cloud. fhafl
However, for other scenes we frequently observe clouds below 800m precipitating ice. (e.g. 2 days earlier MECH 2020 p.19) I

Overestimation of average backscatter and reflectivity due to non-uniform beam filling
Due to the nonlinear function between scattering particle distributions and resulting reflectivity, we get a higher reflectivity at the cloud edge from the coarser resolving satellite.
- potential overestimation of quantities derived from satellite products -

The pattern in overestimation of reflectivity appears to be very similar over several instruments.
(compare the top right distribution plot here (Lidar) and here (Radar) and the scatterplot here (passive VIS) )

L

(att. beta532) CALIOP [sr-1]

lo

H.J Overestimation of cloud top in CLOUDSAT due to the coarse resolution ot ) AMALI G B W 00 0z o4 CRNTIN
“ (compare the darkblue dashed line here) =============-.
< thus, also potential overestimation of ice content in liquid layer in synergetic retrievals from satellite for clouds above the blind zone of CLOUDSAT

Ice cover makes the retrieval of liquid water path in the Arctic very challenging.
(compare the high variability of the measurement in the North-West with the lower variability in the South-East here)

o Jd Y 2 T ¥

Modelling allows us to investigate processes leading to remote sensing signal
For this case study ICON LEM does not represent the situation well, yet. See first results and here and at SCHEMANN 2020.

T T

__—

=
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Modis data : https://worldview.earthdata.nasa.gov/

AISA Eagle data :Ruiz-Donoso, Elena; Ehrlich, André; Schafer, Michael; Jakel, Evelyn; Wendisch,
Manfred (2019): Spectral solar cloud top radiance measured by airborne spectral imaging during the

ACLOUD campaign in 2017. Leipzig Institute for Meteorology, University of Leipzig, PANGAEA,
https://doi.org/10.1594/PANGAEA.902150

ERA5-Daten: CDF copernicus data storage, pressure level data, download 28.4.2020, DOI:
10.24381/cds.bd0915c6

CALIOP and CLOUDSAT CDR data: AERIS/ICARE Data and Services Center: http://www.icare.univ-
lillel.fr/archive?dir=CLOUDSAT/DARDAR-MASK.v2.11/2017/2017 _05 27/

Mirac: Kliesch, Leif-Leonard; Mech, Mario (2019): Airborne radar reflectivity and brightness
temperature measurements with POLAR 5 during ACLOUD in May and June 2017. PANGAEA,
https://doi.org/10.1594/PANGAEA.899565

AMSU - A: Ralph Ferraro, Huan Meng, Wenze Yang and Isaac Moradi and NOAA CDR Program (2016):
NOAA Climate Data Record (CDR) of AMSU-A Brightness Temperature, Version 1.
NOAA National Centers for Environmental Information (NCEI). doi:10.7289/V53R0QXD [24.4.2020]

Adjust image from NASA 2003 https://atrain.nasa.gov/historical graphics.php
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