CloudSat 2B GEOPROF Quality Statement: January 2007 (Version R03)

The primary purpose of the 2B GEOPROF product is to idethibse levels in the
vertical column sampled by CloudSat that contain sigitic radar echo from
hydrometeors and to provide an estimate of the radar ieitgdactor for each of these
volumes. Details on the GEOPROF algorithms and streictithe NetCDF output files
are provided in thé.evel 2 GEOPROF Product Process Description and Interface
Control Document.

http://www.cloudsat.cir a.colostate.edu/datal CDlist.php?go=list& path=/2B-GEOPROF

The significant echo mask is stored under the variableerf@RR_Cloud_Mask”, and
contains a value between 0 and 40 for each range bin witress greater than 5
indicating the location of likely hydrometeors. Inciegs values of the
“CPR_Cloud_Mask” variable indicate a reduced probability of laefaletection, as
summarized in Table 1.

M ask M eaning % False Estimated % False
Value Detections Detection
Goal via CALIPSO
comparison
-9 Bad or missing
radar data
5 Significant return power but
likely surface clutter
6-10 Very weak echo <50 % 44 %
(detected using along-track
averaging)
20 Weak echo <16% 5%
(detection may be artifact of
spatial correlation)
30 Good echo <2% 4.3 %
40 Strong echo <0.2% 0.6 %

Table 1 — Description of CloudSat cloud mask values, false detectios, @tel
percentage of false detections. The percent of false detectywvers by 100 times the
number of false detections divided by the total number of detectionsef@pécified
cloud mask value.

Users are cautioned that radar detections with cloud nalsks/between 6-10 contain
large numbers of false detection. These possible detsctEpresent hydrometeors
whose radar-reflecivity is below the single columnssavity limit of the radar (about —
30 dBZe), and have only been identified as a result obggressive along track
averaging algorithm. For most applications, users shouldider using cloud-mask
values of 30 to 40, which are high-confidence detections.



In addition to the cloud mask, this product contains therraggectivity (i.e., the
calibrated measured return power in units of dBZe = dB(mf)), an estimate of
gaseous absorption loss of the observed reflectivity,sawveral quality indicator flags.
Unlike typical weather radars, which operate at much lomgavelengths and are
primarily designed to detect rain rather than cloudsetfest of water vapor on CloudSat
observed reflectivity can be significant. Two-wayeatiation from the surface to the
satellite of more than 5 dBZ is not unusual in the tropics

No estimate of loss in reflectivity due to absorptionsoattering by hydrometeors is
included in the GEOPROF, and users are cautioned thas lo64@ dB/km or higher are
possible with large liquid water contents. At timese t@loudSat radar is fully
attenuated, or attenuated to the point where multi@éesing dominates the measured
return power — though this is not common. As a resfudt bug in the algorithm, when
the surface is obscured, gaseous attenuation is not themalaulated. (This problem
will be removed in the next reprocessing of the data R04).

The cloud mask, reflectivity-field, and gaseous absorptiena#l provided on a height
grid with 125 vertical range bins, where the CloudSat rangelbgest to mean sea level
has been placed in vertical bin 105. The location ofadinge bin that is closest to the
actual surface location is also provided.

Overall, the most significant difficulty with the @ldSat data is that surface clutter
effectively reduces the radar sensitivity near the serfaEigure 1, below, shows the
estimated radar return power during clear sky conditioAs. a result of the surface
contamination, all cloud mask detections below roughly tH*épﬁ@centile of the clear-
sky return (dashed lines in Figure 7) are currently beihgosa value of 5, to indicate
there is return power above the radar noise floor Hmistgnal is indistinguishable from
surface clutter. While this conservative threshold shkedp the false detection rate (by
volume) below 1%, it also means that typically onlynraind heavy drizzle can be
detected in the third bin above the surface (~ 720 m) andrateddrizzle in the fourth
bin (~ 860 m).

Subtracting an estimate of the surface clutter froentdbal measured return power in the
second through fourth range bins above the surface isntiyrdeeing investigated.
Preliminary assessment of such a clutter rejection ighgorshows reductions in clutter
of 10-20 dB over ocean surfaces. This technique also redribegoosition of the surface
to a sub-range-bin scale. We hope to implement sucthemsc by the next major
reprocessing of CloudSat data, currently schedule toistauine 2007, about 1 year after
launch.

Finally, the CloudSat orbit follows closely the orbit thb AQUA satellite on which a
number of advanced passive remote sensors observerthe @he GEOPPROF data
files include the Moderate-Resolution Imaging Spectroradter (MODIS) cloud

fraction (from the MOD35 product) integrated over the Claid8otprint, as well as a
cloud scene classification (based on MOD35 cloud detebiiaests). Details of these



parameters are given in theevel 2 GEOPROF Product Process Description and
Interface Control Document.

].0 L—T T T T T T T
i —»— (Ocean mean dBZe
or E ==== Ocean 99% Threshold A
H —&— land mean dBZe
1
- 8 : ---- land 99% Threshold
FVIR ‘
0 1
& ]
i
;61 ¢ -
T i
= n
o 5h it
oyl
: 3
o 2l
1 L

O 1 I | A3
=30 -20 -10 0 10 20 30 40 50

Reflectivity, dBZe

Figure 1 - Estimate of the clear-sky observed return power.thétbeginning of the
CloudSat mission, the radar was unknowningly pointed 1.7 degrees off naasrwas
corrected starting with orbit 1023, and the radar pointed directly towandslir.
However, it was found that pointing directly at nadir increased théase reflectance
and the effect of surface clutter approximately 10 dB due to spe@ilection. Thus,
starting with orbit 1595 (August 15 at 20 UTC) the instrument was set b Pdi6
degrees of nadir. This angle put the specular reflection in thed&nna null and
reduced the surface clutter to previous levels. Data from tiraseperiods is referred to
as epic “E” 00, 01, and 02 (given in each file name), respectivelgta Bhown here is
“typical” for data in epic 00 and that now being collected, epic 02.



