Improved Cloud Detection using NOAA AVHRR Data and Comparison with
CERES-MODIS cloud mask and CALIPSO Vertical Feature Mask

Qing Z. Trepte! (ging.z.trepte@nasa.gov), Kris Bedka?, Chris Yost!, Patrick Minnis?2

1Science Systems and Applications, Inc., 2NASA Langley Research Center, Hampton, VA

RESULTS

After the initial development of the four classes of AVHRR cloud masks, many daytime
In climate and Earth energy budget studies, understanding the presence and distribution of and nighttime AVHRR RGB images and cloud mask results from different NOAA satellites
clouds is an essential first step. AVHRR measurements comprise the longest record of were examined. Improvements have been made. Pixel level examples for each of the
imager data from a common instrument for remote sensing of cloud and radiation properties. classes are presented below:
The NASA LaRC AVHRR cloud mask is a global cloud detection algorithm used as part of the
Climate Data Record (CDR) project initiated by NOAA's National Climatic Data Center
(NCDC). The objective of CDR program is to provide climate information derived from
weather satellite data for more than 30 years.
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Comparison among CM Ed4, CALIPSO, LaRC AVHRR, ISCCP, MODIS-ST and
CMSAF are shown below:
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AVHRRnewEra: Enhanced low clouds Detection in Sun Glint Ocean

Detecting low clouds in Sun Glint ocean has always been a challenge. In this NOAA-18
case over Pacific Ocean, small and low clouds were initially under-detected, especially
in strong Sun Glint region. Fine tuned visible (0.63) and BTD (T3.7-T11) tests,
combined with ratio of reflectance 0.86 to 0.63 test. The cloud mask has been
significantly improved.

Recent improvements in the LaRC AVHRR cloud mask include detecting more daytime small
cumulus and thin Cirrus in tropical oceans, especially over Sun Glint regions, better
discrimination between polar clouds and snow ice surfaces including nighttime over
Antarctica where 3.7 um signals are noisy, and enhancement of nighttime ocean thin Cirrus
and low clouds detection.
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+ 5-10% uncertainty amongst algorithms
common in non-polar regions

DATA

AVHRR observations:
+5 core channels: 0.63, 0.86, 3.74, 10.8 and 12.0 um
+4 “classes” of AVHRR data, creates challenges for cloud detection algorithm:
a) AVHRR new era: NOAA-15, NOAA-16 (05/2003-present), NOAA-18, NOAA-19 : Core channels
b) AVHRR old era: NOAA-7, NOAA-9, NOAA-11, NOAA-14: Core channels but 3.74 um has differing
calibration and poor data quali
¢) AVHRRno(daytime)37: NOAA-16 (09/2000 - 04/2003), NOAA-17, MetOp-A, and MetOp-B: 1.61/3.74 ym

Spatial and temporal matched comparison with CALIPSO

« Polar uncertainty much greater
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daytime switching
d) AVHRRno12: TIROS-N, NOAA-6, NOAA-8, and NOAA-10: Only 4 channels, no 12.0 pm channel
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+Orbit drift throughout instrument lifetime

e aman
I AVHRRno12 Daytime 4-channel mask Improvement over Africa
In this NOAA-10 case over East coast of Africa, there were false clouds at the bottom left corner et o
of theimage due to Sun glint over land, also some low clouds over African Horn were missed. ™™ e rorws o 7 qon Toms
Ancillary inputs: The land cloud detection tests were adjusted based on Sun Glint probability and the BTD of T3.7 AR RO LR SRR T A HE WSS S

- NASA MERRA surface skin temperature and atmospheric profiles: to predict TOA 3.7, —T11 and ratio of 0.86 and 0.63 tests were added to pick up missed low clouds.
11, and 12 um clear sky temperatures

Dynamically generated 0.63 um clear sky overhead albedo maps

Daily snow and ice maps from the National Snow and Ice Data Center (NSIDC)
10’ surface emissivity, Water percentage, IGBP ecosystem, and elevation maps

CERES-MODIS Edition 4 cloud mask results

)

" sosm o et ot

MODIS collection 5 cloud mask

CALIPSO (Version 2) Spatially and temporally matched:
*5-km cloud layer products

+333-m Vertical Feature Mask (VFM), 80-km clouds excluded —_— e — g
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VISST* no retrieval
VISST — a cloud property retrieval algorithm



