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INTRODUCTION
In climate and Earth energy budget studies, understanding the presence and distribution of 
clouds is an essential first step. AVHRR measurements comprise the longest record of 
imager data from a common instrument for remote sensing of cloud and radiation properties. 
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.

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 µm signals are noisy, and enhancement of nighttime ocean thin Cirrus 
and low clouds detection.

Monthly averaged global and zonal cloud fractions from improved NOAA 18 AVHRR cloud 
mask compare well with CERES-MODIS Edition 4 (CM Ed4), MODIS team, and CALIPSO 
cloud mask. Spatially and temporally matched cloud detection statistics between NOAA 18 
AVHRR and CALIPSO cloud mask will also be presented. 

DATA
AVHRR observations:
•5 core channels: 0.63, 0.86, 3.74, 10.8 and 12.0 μm
•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 μm has differing 

calibration and poor data quality
c) AVHRRno(daytime)37: NOAA-16 (09/2000 - 04/2003), NOAA-17, MetOp-A, and MetOp-B: 1.61/3.74 μm 

daytime switching
d) AVHRRno12: TIROS-N, NOAA-6, NOAA-8, and NOAA-10: Only 4 channels, no 12.0 μm channel

•Orbit drift throughout instrument lifetime

Ancillary inputs:
• NASA MERRA surface skin temperature and atmospheric profiles: to predict TOA 3.7,

11, and 12 μm clear sky temperatures
• Dynamically generated 0.63 μm 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

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

METHODOLOGY

See ATBD for detailed description of AVHRR cloud mask algorithm 
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After the initial development of the four classes of AVHRR cloud masks, many daytime
and nighttime AVHRR RGB images and cloud mask results from different NOAA satellites
were examined. Improvements have been made. Pixel level examples for each of the
classes are presented below:

NASA LaRC AVHRR CDR cloud mask output:

Clear Category:
Strong Clear
Weak Clear
Smoke
Fire
Snow
Clear glint
Shadow
Aerosol

*VISST – a cloud property retrieval algorithm

Cloud Mask:
Clear
Cloudy
Bad data

Cloud Category:
Strong Clouds
Weak Clouds
Glint Clouds
VISST* no retrieval

RESULTS

AVHRRno12 Daytime 4-channel mask Improvement over Africa

AVHRRnewEra: Enhanced low clouds Detection in Sun Glint Ocean   

Monthly Zonal Cloud Amount Comparison

Comparison among CM Ed4, CALIPSO, LaRC AVHRR, ISCCP, MODIS-ST and 
CMSAF are shown below:

Global Cloud Fraction Comparison

NOAA-18 AVHRR RGB
October 1, 2008, S2144 skip 11000 Cloud mask_afterCloud mask _ before

Ref 0.6 - CS T3.7 – T11 - CS Ratio of Ref 0.86 to 0.63

Good weak glint  VISS 

NOAA-9 AVHRR RGB
January 2, 1987, S1734 skip 4500 Cloud mask_afterCloud mask _ before

T3.7 – T11 T11 – T12 3.7 μm surface emissivity

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.

In this NOAA-10 case over East coast of Africa, there were false clouds at the bottom left corner 
of the image due to Sun glint over land, also some low clouds over African Horn were missed. 
The land cloud detection tests were adjusted based on Sun Glint probability and the BTD of T3.7 
– T11 and ratio of 0.86 and 0.63 tests were added to pick up missed low clouds. 

NOAA-10 AVHRR RGB
April 15, 1987, S0403 skip 5000 Cloud mask_after

Sun Glint Probability 

Cloud mask _ before

Ratio of Ref 0.86 to 0.63 T3.7 – T11

LaRC NOAA-18 EUMETSAT CMSAF NOAA-18

CERES Aqua

GSFC Aqua

ISCCP CALIPSO

Cloud 
Fraction 

October 2008

LaRC
AVHRR CERES

EUMETS
AT 

CMSAF
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MODIS
(COL 5)

ISCCP CALIPS
O

GLOBAL 
CLOUD 
FRACTI

ON

0.678 0.671 0.623 0.684 0.649 0.666

October 2008 Zonal Average Cloud Fraction: Day and Night

• LaRC AVHRR quite close to CERES 
MODIS and CALIPSO

• 5-10% uncertainty amongst algorithms 
common in non-polar regions

• Polar uncertainty much greater

CALIPSO-BASED CLOUD DETECTION VALIDATION: OCTOBER 2008
Land Surface Type, 
Geographic Region, 

and Time of Day

AVHRR 
Fraction of Correct 

Clear and Cloudy Pixels

CERES MODIS
Fraction Correct

(12 Days Across Seasonal Months)

DAYTIME (0 < SZA < 82)

Land, 60 S – 60 N, No Snow/Ice Cover 0.856 0.886
Land, Polar, No Snow/Ice Cover 0.930 0.907

Ocean, 60 S – 60 N, No Snow/Ice Cover 0.877 0.894
Ocean, Polar, No Snow/Ice Cover 0.954 0.942
Land & Ocean, Global, Snow/Ice 

Covered
0.854 0.868

NIGHT (SZA > 82)

Land, 60 S – 60 N, No Snow/Ice Cover 0.865 0.873
Land, Polar, No Snow/Ice Cover 0.927 0.870

Ocean, 60 S – 60 N, No Snow/Ice Cover 0.888 0.905
Ocean, Polar, No Snow/Ice Cover 0.957 0.937
Land & Ocean, Global, Snow/Ice 

Covered
0.729 0.787

======================== SZA < 82.0 (day) ========================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR   45415 ( 20.6%)   11799 (  5.3%)   57214 ( 25.9%)

CLOUD   15854 (  7.2%)  147787 ( 66.9%)  163641 ( 74.1%)

TOTALS   61269 ( 27.7%)  159586 ( 72.3%)  220855 (100.0%)

FC  = 0.875        H = 0.926      FAR = 0.097
CSI = 0.842        B =  1.03      HSS =  0.68

======================= SZA > 82.0 (night) =======================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR   33003 ( 15.0%)   14447 (  6.6%)   47450 ( 21.6%)

CLOUD   10154 (  4.6%)  161895 ( 73.8%)  172049 ( 78.4%)

TOTALS   43157 ( 19.7%)  176342 ( 80.3%)  219499 (100.0%)

FC  = 0.888        H = 0.918      FAR = 0.059
CSI = 0.868        B =  0.98      HSS =  0.66

================== 82.0 < SZA < 88.5 (twilight) ==================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR       0 (  -- )       0 (  -- )       0 (  -- )

CLOUD       0 (  -- )       0 (  -- )       0 (  -- )

TOTALS       0 (  -- )       0 (  -- )       0 (  -- )

FC  =   -- H =   -- FAR =   --
CSI =   -- B =   -- HSS =   --

================= SZA > 88.5 (pitch black night) =================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR   33003 ( 15.0%)   14447 (  6.6%)   47450 ( 21.6%)

CLOUD   10154 (  4.6%)  161895 ( 73.8%)  172049 ( 78.4%)

TOTALS   43157 ( 19.7%)  176342 ( 80.3%)  219499 (100.0%)

FC  = 0.888        H = 0.918      FAR = 0.059
CSI = 0.868        B =  0.98      HSS =  0.66

======================== SZA < 82.0 (day) ========================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR   23676 ( 38.1%)    6846 ( 11.0%)   30522 ( 49.1%)

CLOUD    2150 (  3.5%)   29438 ( 47.4%)   31588 ( 50.9%)

TOTALS   25826 ( 41.6%)   36284 ( 58.4%)   62110 (100.0%)

FC  = 0.855        H = 0.811      FAR = 0.068
CSI = 0.766        B =  0.87      HSS =  0.71

======================= SZA > 82.0 (night) =======================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR   27072 ( 40.1%)    7745 ( 11.5%)   34817 ( 51.6%)

CLOUD    1538 (  2.3%)   31123 ( 46.1%)   32661 ( 48.4%)

TOTALS   28610 ( 42.4%)   38868 ( 57.6%)   67478 (100.0%)

FC  = 0.862        H = 0.801      FAR = 0.047
CSI = 0.770        B =  0.84      HSS =  0.73

================== 82.0 < SZA < 88.5 (twilight) ==================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR       0 (  -- )       0 (  -- )       0 (  -- )

CLOUD       0 (  -- )       0 (  -- )       0 (  -- )

TOTALS       0 (  -- )       0 (  -- )       0 (  -- )

FC  =   -- H =   -- FAR =   --
CSI =   -- B =   -- HSS =   --

================= SZA > 88.5 (pitch black night) =================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR   27072 ( 40.1%)    7745 ( 11.5%)   34817 ( 51.6%)

CLOUD    1538 (  2.3%)   31123 ( 46.1%)   32661 ( 48.4%)

TOTALS   28610 ( 42.4%)   38868 ( 57.6%)   67478 (100.0%)

FC  = 0.862        H = 0.801      FAR = 0.047
CSI = 0.770        B =  0.84      HSS =  0.73

======================== SZA < 82.0 (day) ========================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR     735 (  5.0%)     320 (  2.2%)    1055 (  7.1%)

CLOUD     298 (  2.0%)   13472 ( 90.9%)   13770 ( 92.9%)

TOTALS    1033 (  7.0%)   13792 ( 93.0%)   14825 (100.0%)

FC  = 0.958        H = 0.977      FAR = 0.022
CSI = 0.956        B =  1.00      HSS =  0.68

======================= SZA > 82.0 (night) =======================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR     936 (  3.7%)     424 (  1.7%)    1360 (  5.3%)

CLOUD     316 (  1.2%)   23946 ( 93.5%)   24262 ( 94.7%)

TOTALS    1252 (  4.9%)   24370 ( 95.1%)   25622 (100.0%)

FC  = 0.971        H = 0.983      FAR = 0.013
CSI = 0.970        B =  1.00      HSS =  0.70

================== 82.0 < SZA < 88.5 (twilight) ==================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR       1 (  0.0%)       0 (  0.0%)       1 (  0.0%)

CLOUD      19 (  0.5%)    3902 ( 99.5%)    3921 (100.0%)

TOTALS      20 (  0.5%)    3902 ( 99.5%)    3922 (100.0%)

FC  = 0.995        H = 1.000      FAR = 0.005
CSI = 0.995        B =  1.00      HSS =  0.09

================= SZA > 88.5 (pitch black night) =================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR     935 (  4.3%)     424 (  2.0%)    1359 (  6.3%)

CLOUD     297 (  1.4%)   20044 ( 92.4%)   20341 ( 93.7%)

TOTALS    1232 (  5.7%)   20468 ( 94.3%)   21700 (100.0%)

FC  = 0.967        H = 0.979      FAR = 0.015
CSI = 0.965        B =  0.99      HSS =  0.70

======================== SZA < 82.0 (day) ========================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR     124 (  6.1%)      69 (  3.4%)     193 (  9.6%)

CLOUD      37 (  1.8%)    1787 ( 88.6%)    1824 ( 90.4%)

TOTALS     161 (  8.0%)    1856 ( 92.0%)    2017 (100.0%)

FC  = 0.947        H = 0.963      FAR = 0.020
CSI = 0.944        B =  0.98      HSS =  0.67

======================= SZA > 82.0 (night) =======================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR      86 (  5.6%)     126 (  8.2%)     212 ( 13.8%)

CLOUD      12 (  0.8%)    1310 ( 85.4%)    1322 ( 86.2%)

TOTALS      98 (  6.4%)    1436 ( 93.6%)    1534 (100.0%)

FC  = 0.910        H = 0.912      FAR = 0.009
CSI = 0.905        B =  0.92      HSS =  0.51

================== 82.0 < SZA < 88.5 (twilight) ==================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR       0 (  0.0%)       0 (  0.0%)       0 (  0.0%)

CLOUD       0 (  0.0%)      12 (100.0%)      12 (100.0%)

TOTALS       0 (  0.0%)      12 (100.0%)      12 (100.0%)

FC  = 1.000        H = 1.000      FAR = 0.000
CSI = 1.000        B =  1.00      HSS =  -NaN

================= SZA > 88.5 (pitch black night) =================
CALIPSO

CLEAR            CLOUD           TOTALS
AVHRR   CLEAR      86 (  5.7%)     126 (  8.3%)     212 ( 13.9%)

CLOUD      12 (  0.8%)    1298 ( 85.3%)    1310 ( 86.1%)

TOTALS      98 (  6.4%)    1424 ( 93.6%)    1522 (100.0%)

FC  = 0.909        H = 0.912      FAR = 0.009
CSI = 0.904        B =  0.92      HSS =  0.51

Spatial and temporal matched comparison with CALIPSO


