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Introduction
Understanding the role of clouds in Earth's climate requires knowledge of the Lidar detects the prevalent optically thin ice cloud which drives radiative effects. W-band 4T85y
vertical distribution of clouds and their properties. Observations of vertically radar detects the dense ice clouds containing most of the ice mass of the atmosphere. g
resolved cloud ice water content (IWC) are particularly important in light of LT
the large discrepancies found between different climate models. Several : : : :
cloud products from active sensors in the A-train are now available: the Ll_da_r IS often completely attenuated by water cloud, while W-band radar often sees ice
CALIPSO Level 3 Ice Cloud Product, based on CALIOP lidar observations, within and beneath supercooled water clouds.
and the DARDAR and 2C-ICE products, both based on joint retrievals from
CALIOP and the CloudSat W-band radar. Here, we present initial DARDAR (V3.10) 2C-ICE (RO5)
Z:Ii)/\r/né))arisons between these three products, focusing on ice water content (a) Ice cloud & supercooled water cloud (d) Ice cloud
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The CALIPSO L3-ICE product (Winker et al. 2023) reports monthly statistics 0 r;':':pﬂr:'n , “,w":t:’r"" s Elvarony o| usarony  [Cludarsradar  [ERacarony ol J:HE lce -}—:ater E
in the form of vertically resolved histograms of ice cloud extinction and ice (b) Extlnctlon coafficiant {e)'Exﬂnc'ﬁDn meﬂrci;m j ] ' h) “Extinction cosfficient j ] ' 1.0E+1
water content (IWC) on a uniform global 2° x 2.5° lat-lon grid with 120 m 15 w 15 - AR TR B sk 10E0
vertical resolution. Quality screening is applied to remove artifacts. CALIOP Ice cloud 3 m 84 e ‘Yﬁ'?' p 8 . L b L | 3 1 0E-1
extinction retrievals are converted to IWC using a parameterization based on extinction § h ‘% ’J p) ﬂm % f ,J‘;‘ &'uﬂa . fﬁf | ' & ﬂ;ﬂ; E E 1.0E-2
in situ data from multiple field campaigns (Heymsfield et al 2014). Ice cloud (km‘1) 5 [W‘h WHI “ﬁh i i v 5| 'm'h“ﬁ! W VAL i s vl 9 | < 1 0E3
extinction and IWC data are reported as histograms to facilitate comparisons . . : 1.0E4
with sensors having different detection sensitivities. ) IWC 0Ee
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DARDAR (Delanoé and Hogan 2020; Cazenave et al 2019) and 2C-ICE 5 i s WA TDVRL e e v —
(Deng et al 2010, 2015) are based on optimal estimation retrievals from Level . . . 10E-S
1 radar-lidar profiles. Both algorithms make assumptions on ice particle lat 2399 2158 1917 1675 1431 1192 951  7.09 Lat 2309 2188 1917 1675 1434 1192 951 709 Llat 2397 2172 1948 1704 1499 1274 1050 825
mass-size relationships. The retrievals are applied to cloudy regions Lon 15273 15216 15159 15104 15050 14997 14944 14892 Lon 15273 15216 15159 15104 15050 14997 14944 14892 Lon 15273 15219 15167 15116 15065 150.15 14966 14917
detected only by lidar and only by radar, as well as where the radar and lidar " _ _ _ o _
orofiles overlap. Retrievals in each of these regions involve different sets of Comparlsoq of the DARDAR qr_1d 2C-ICE Le\(el 2 IWC with CALIOP L2-CPro, using the same filtering as used for L3-ICE filters
assumptions. for a scene Iin the tropical Pacific. Black dots in (g) indicate the level where the overlying optical depth is 2.
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. o Comparison of global zonal-mean profiles from L3-ICE, DARDAR, and 2C-ICE
Lidar attenuation in supercooled water D 9 D ’ ’
Unlike W-band radar, lidar is blocked by optically thick clouds. The Global mean profiles have been computed from DARDAR and 2C-ICE, using the same gridding and
upper figure shows significant blockage begins at altitudes where filtering algorithms as used for L3-ICE. Even the ice-cloud masks show significant differences.
supercooled liquid clouds form. The map below shows regions where
CALIOP is able to fully probe for ice clouds (red) and regions (blue) o N _ _
where ice may frequently be blocked by supercooled liquid clouds. All-sky extinction and IWC are sensitive to differences in
algorithm assumptions as well as cloud mask differences:
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Fraction of cloudy profiles where CALIOP In-cloud extinction and IWC are insensitive to cloud mask differences. The All three products make assumptions on relationships between mass
signals penetrate to the freezing level: majority of tropical profiles above 14 km are in the lidar-only region. and extinction, which are related to effective ice particle size and width
Julv 2008 o ] of the size distribution.
(b) 90—t Y e 0 _ In-cloud extinction and IWC (0 - 30°N, July 2(_)08) _ M-D relationships in DARDAR and 2C-ICE are constrained by the
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Several vertically-resolved ice cloud products based on A-train
active sensors are now available. Our knowledge of the global
distribution of cloud ice has improved due to these observations,

and uncertain, and require further study. Comparisons presented
here are discussed In a recent paper (Winker et al. 2023).

These IWC data products are available from one or both of:
NASA Langley ASDC: https://eosweb.larc.nasa.gov
ICARE Data and Service Center: https://www.icare.univ-lille1.fr
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but uncertainties remain. Mass-diameter relations used are critical,
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