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Abstract

Satellite-based measurements of cloud geometrical thickness (CGT) play an important role in investigation of cloud microphysics and radiative balance [1].
However, there is few retrieval algorithm based on passive sensors measuring CGT over land due to the inherent challenges on retrieving atmosphere profiles
for most passive methods especially when complicated disturbance from land surtface reflection existing [2].

In this study, a passive CGT retrieval algorithm based on OCO-2 satellite measured high-resolution oxygen A-band (O2A) is developed for retrieving global
single-layer cloud thickness over both land and ocean. The disturbance from land surface reflected radiation under cloudy conditions is corrected with a new
O2A white-sky albedo (LWA) estimation method. The retrieval is nearly real-time by using a fast radiative transfer approximation scheme and it is as accurate

as using full radiative transfer model.
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Methodology

» Fast forward model » Retrieval procedure

The fast forward model (FFM) consists of lookup tables, approximation
formulas, and a neural network for calculating above-cloud atmospheric
reflections, land surface reflections, and oxygen absorption that occurs as
photons travel above and inside clouds. Fig. 1 outlines the modules of the
fast forward model and their corresponding satellite measurements.

The cloud pressure thickness (CPT) retrieval algorithm is built on the FFM, and
the key part associated with CPT is the nonlinear IOAI approximation formula
(A,)- Since we can derive the analytical solutions for A,, the retrieval of CPT
could be nearly real time. The retrieval steps are shown in Fig. 2.
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Fast Forward Model Components of Measurements
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Figure 2. The flow chat of direct retrieval method for
cloud geometrical thickness.

Figure 1. The modules of the fast forward model and the
components of satellite measurements.
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In the Fig. 5, we compare the retrieved CPTs from satellite
observations with the reference CPTs from A-train data,
including single-layer marine and terrestrial clouds. In
marine cloud scenes, the correlation coefficient between

| the results and the reference is 0.460, the mean bias is —9
> oY 70 hPa, and the RMSE is 49 hPa. In terrestrial cloud scenes,
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Fig. 3 compares the converted LSR (p,,) with
the reference (p,,4,) in both training and
testing. The correlation coefficient (r) is 0.964 in
training and 0.946 in testing, their absolute
mean biases are much less than 0.01, and their
root-mean-square errors (RMSEs) are slightly
greater than 0.02. The similar results in training
and testing demonstrate the robustness of the
reflectance conversion method.
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Tl all evaluation indexes are a little bit lower. For instance,
ﬂ%ﬁﬁ%%%#H%%%%é#%éé é[%] o)o0m the correlation coefficient is 0.451, the mean bias is 15 hlPa,
éé.{.q.+++++++++++++++++++%¢¢+++¢ (©) 60th and the RMSE is 64 hPa. It is due to the various land

surface.

‘%*'l""**"'*""""‘"‘"‘"‘"‘"'*"'"‘"‘“‘**"'**H* (d) 70th r = 0.460 (0.751 without outliers) r = 0.451 (0.604 without outliers)
bzas = 9( 20) hPa, RMSF 49 (31) hPa bias = 15 (8) hPa, MSI';_= 64 (élfl_) hPa
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(b) terrestrial cloud - S0

retrieval error € from look-up table
and approximate formula (/#Pa)
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Fig. 4 shows the retrieved CPT errors based
on the synthetic test dataset at each super- e |
. | pixel. It found that the retrieval uncertainty : o ~ AQl l. i e !N
o |l B 046 < decreases with the super-pixel number. Over 0 50 100 150 200 250 300 0 50 100 150 200 250 300
bias = -0.0001 A o bias = -0.0028 reference cloud pressure thickness (7Pa) reference cloud pressure thickness (hPa)
RMSE = 0.023 " RMSE = 0.026 82% of the samples have less than 10%
0 02 04 06 08 0 02 04 06 08 relative error at super-pixels 50 to 73, and
reference reflectance retrieved from OCO-2 clear-sky measurements more than 93% have less than 10% relative
error at super-pixels 60 to 73. Fig. 4b to 4d
present the steady state of retrieval errors
with increasing CPTs at the 50th, 60th, and
70th super-pixels. The errors of most samples
are less than ten hectopascals, with no

significant systematic bias.
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Figure 5: Comparisons of retrieved CPTs from satellite

observations with reference CPTs from A-train data in a)
marine cloud scenes and b) terrestrial cloud scenes.
Q1, Q2 and Q3 are the 1st, 2nd, and 3rd quatrtiles.

Figure 3: The accuracy of the converted
LSR a) in training and b) In testing. X-axis IS
the LSRS (py, o) from OCO2_L2_Lite_FP
products, and y-axis is the O2A LSRs (p,,)
converted from MCD43C1 products.
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oxygen absorption and cloud geometrical thickness.
The algorithm overcomes the three key problems in
terrestrial CPT retrieval from the OCQO2 satellite, land
surface white-sky albedo estimation, fast temperature
offsets impact correction, and retrieval quality
screening.




