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EarthCARE ATLID surface returns
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EUROPEAN SPACE AGENCY

e The lidar surface returns are in general much larger than the atmospheric
returns above, resulting in high SNR when used for retrievals.

* The co-polar Mie integrated attenuated surface returns combined with the
ECMWEF wind information are compared to ocean surface BRDF/reflectance
models (e.g. Cox-Munk, Hu 2008) to retrieve the atmospheric Optical
Thickness
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EarthCARE ATLID surface returns

EUROPEAN SPACE AGENCY

e The lidar surface returns are in general much larger than the atmospheric
returns above, resulting in high SNR when used for retrievals.

* The co-polar Mie integrated attenuated surface returns combined with the
ECMWF wind information are compared to ocean surface BRDF/reflectance
models (e.g. Cox-Munk, Hu 2008) to retrieve the atmospheric Optical T regeaen @0 0am
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* Part of the lidar backscatter is through Brillouin scattering which il ﬂ fr-p(v)
arises from the interaction of light with acoustic (density) waves. ol fom(V)
For air this ‘overlaps’ with the lidar direct backscatter. In water the
frequency shift is a lot larger and signal shifts to the Rayleigh
channel.
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* The ATLID Rayleigh channel design makes it (fortunately) a sub- Lo
surface water detector which is sensitive to the extinction within 0 \ ‘ ‘ \ 0
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R-B: Rayleigh-Brillouin (air molecule scatter)

 Using the Optical Thickness the unattenuated surface returns can B""& B)ri”OUi“'Mande'Stam (water molecule
be retrieved. Scatter
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Surface returns November 2024: it i Cesa

EUROPEAN SPACE AGENCY

Atmospheric Optical Depth
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Subsurface return evaluation from the NASA NightBUE~ -+ et

Campaign USing the HSRL'Z (04'09'2025) EUROPEAN SPACE AGENCY
« HSRL-2 retrievals of HSRL2/G-llI Time(UT) 04-Sep-2025
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Comparing unattenuated Rayleigh signals to iz Ay

Chlorophyll-a and Diffuse Attenuation Coefficient . ’

Histogram of all 12 months
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http://www.oceancolor.org/

EUROPEAN SPACE AGENCY

« OD can not be directly retrieved over land using Mie
signals

« For Depolarization signals however all OT effect fall
away and can be directly used to separate snow/ice
from land & ocean

« Well correlated with the vegetation index NDVI over
land

- 2D Histogram (Binned Scatter Plot): Resolution: 0.5 deg.

Land Surface Depolarization November 2024
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Zooming in on the Sahara (May 2025) ~

EUROPEAN SPACE AGENCY

« The Sahara/Middle East regions have the lowest
NDVI and high surface depolarization.

« When zooming in, large variations and structures
in the depolarization signal can be seen.

« These structures resemble the variations seen in
the albedo as shown in the Lambertian
Equivalent Reflectivity at 340nm from TropOMI.

« This suggests that ATLID depol. can potentially
be used to improve the dessert albedo for the
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Conclusions EarthCARE ATLID surface

esa

returns '

* The use of ATLID surface returns allows for an independent retrieval of optical thickness
over ocean (like for Calipso and Aeolus)

* NightBLUE campaign data shows that the integrated Rayleigh returns follow the 10m
extinction below the surface and detects sub-surface water reflectance.

* The Rayleigh data is correlated with the Ocean Diffuse attenuation coefficient due to e.g.
Chlorophyll-a & Colored Dissolved Organic Matter.

* The ATLID surface depolarization can easily detect snow/land-ice and sea-ice
e Over land the ATLID surface depolarization correlates with the vegetation index (NDVI)

 When zooming in over desserts the depolarization seems to be indicative of the surface
albedo (link to minerology).

Van Zadelhoff et al. ; in preparation
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Example of surface returns
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All detected (blue & orange) surfaces for each profile and
grey when no surface could be detected for frame 37868B.

o
—
Ln‘ 10_1 : o ap o —
] S WY
= %?! " ﬂ-{' ﬂh” ‘
l ‘ as { Yo d A
E % 1 SR, * :! \M § ge '_
310'3- B No surface detection | ;* %
0 - I Water ‘ 4 X ' )
Y ' 3 Oy : i
x Land ; “%- % : i
b g o L L A Al s BYOTOG Y (- —
22.07 21.21 3245 37.63 42. 79 41. 93 53. 06 58.15 63.19 68.16

Latitude [deg-N]

frame 03786B
63.2°N 68.2°N

A-NOM cross-polar attenuated backscatter

1 ‘4“,‘ 78 H‘ :
)
g I A bk
— 2 { N
_T = oE
g E o LI
X [} 7
) Qo Q &8 L
v ; plr i o e
4, @ ;;?‘ i it
2 fics
O]
06:36 06:37 06:38 06:39 06:40 06:41 06:42 06:43 06:44 06:45 06:46 06:47 (UTC) % 1 z e T - piftet Trart’ Al P R Y :
01:47 01:44 01:42 01:39 01:36 01:33 01:30 01:25 01:20 01:15 01:08 00:59 (LST) .| 22 07 27 27 32 45 37 63 42 79 47 93 53 06 58 15 63 19 68 16
Time, 2025-01-27 3 : A g BT £ ¥ S * "
Latitude [deg-N]
‘ » ) A- NOM raylelgh attenuated backscatter ‘ frame 037868
721w 33w Taaw Iy 787w 205 W 35.0- W 855w 0.004
12 _I ’_,‘I___‘, ,I_ l \I I I/ : T P e e A ECA_EXAI;_ATL_NGM_lls_z6250I1zztoszlsszz‘_zo'2501|27T:ﬁ6‘53z‘_0374ﬁi 1073 :||
— S u
ST LIAT R T oy Sl Lo g )
i % — <
‘10 10-6 - o
3 (]
y QT >
54 107 & g
&
0+ 10- S 2 0.000 . e R 2
06:36 06:37 06:38 06:39 06:40 06:41 06:42 06:43 06:44 06:45 06:46 06:47 (UTC) ! y ! ! ! J ! y
01:47 01:44 01:42 01:39 01:36 01:33 01:30 01:25 01:20 01:15 01:08 00:59 (LST) 2.07 2121 3245 31.63 42.79 47.93 53.06 58.15 63.19 68.16

Time, 2025-01-27 Latitude [deg-N]



Global AOD based on ATLID LSR & WIND

EUROPEAN SPACE AGENCY
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Co-Polar Mie: July 2025
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