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Abstract 
 

The International Satellite Cloud Climatology Project (ISCCP) provides global monthly cloudiness estimates 
on a 2.5º spatial grid from July 1983 to June 2008.  ISCCP gives a comprehensive estimate of the cloudiness, but it 
suffers from problems associated with changes in satellites, especially in the Indian Ocean region.  The International 
Comprehensive Ocean Atmosphere Data Set (ICOADS) provides ocean-area cloudiness estimates that span the satellite 
period.  However, ICOADS coverage is poor south of about 30ºS and north of about 60ºN.  Here we blend these two 
products for the ISCCP period to produce a monthly 2.5º cloudiness product for the global oceans.  Before blending the 
ISCCP is filtered to remove the largest artificial variations associated with satellite changes.  The blended product 
retains most of the features of the ICOADS cloudiness but the satellite data allow it to be extended over the global 
oceans. 
 
1. Cloudiness Data 
 
 The International Satellite Cloud Climatology Project (ISCCP) data used was obtained from 
NASA (http://isccp.giss.nasa.gov/) and documented by Rossow et al. (1996).  These are the 2.5º 
square grid monthly data, usually used for display purposes.  Higher spatial and temporal resolution 
data are available.  However, our goal here is to blend with in situ data which may not be suitable 
for higher resolutions, so these data are sufficient for our blending.  ISCCP cloudiness data are 
available as a percentage, which we convert to eights of sky cover (oktas).  Conversion is done by 
binning the percentages into nine categories, from 0 to 8 eights of sky coverage. 
 
 Non-physical variations in ISCCP are revealed by examination of the leading EOFs of the 
monthly data.  Here EOFs are computed of the full data containing the annual cycle.  Most of the 
first five modes indicate annual or semi-annual variations with relatively modest multi-decadal 
changes.  However, the third ISCCP EOF indicates an abrupt shift in the late 1990s (Fig. 1).  The 
pattern for mode 3 indicates odd variations in the Indian Ocean region, apparently associated with 
sampling.  Since the mode 3 variations appear to strongly reflect non-physical variations they are 
removed from the ISCCP data. 
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Figure 1.  Third covariance EOF of monthly ISCCP cloudiness. 
 
  The International Comprehensive Ocean Atmosphere Data Set (ICOADS) cloudiness was 
obtained from the Research Data Archive (RDA) which is maintained by the Computational and 
Information Systems Laboratory (CISL) at the National Center for Atmospheric Research (NCAR). 
NCAR is sponsored by the National Science Foundation (NSF). The original data are available 
from the RDA (http://dss.ucar.edu) in dataset number ds540.1 (Worley et al. 2005).  These 
cloudiness data are available in oktas.  The monthly 2º summary statistics were used.  The median 
cloudiness was used to minimize noise that may affect the mean when the number of observations 
is small.  The monthly median cloudiness and number of observations were averaged within the 



 3

appropriate 2.5º grid squares using the mean latitude and longitude available in the summary 
statistics. 
 
 Comparison of ISCCP and ICOADS for ocean regions where both are sampled is done 
using spatial and temporal statistics.  Spatial statistics (Fig. 2) show that the spatial correlation is 
around 0.6, and that it decreases slightly with time.  The decrease in correlation may be related to 
the decrease in the ISCCP mean over time, while the ICOADS mean appears to be more stable.  
That change in the mean indicates that there may be some residual time-dependent biases in 
ISCCP.  The ICOADS spatial standard deviation is systematically higher than that for ISCCP, 
possibly because of noise in ICOADS.  Compared to the in situ ICOADS observations, there are 
many more observations per month in ISCCP. 
 
 Temporal statistics over the full ISCCP period are also computed, again using common-
sampling ocean areas.  In order to condense the figures, the zonal averages of the temporal statistics 
are shown (Fig. 3).  Correlation is highest in the northern mid latitudes, where ICOADS sampling 
also tends to be best.  In the Southern Hemisphere the temporal correlations are much lower.  
However, the means indicate similar variations with latitude.  The time trends are small for both 
except at very high latitudes, where ICOADS yields what appear to be unreliable values due to 
sparse sampling.  The zonal averages of trends are most similar in the Southern Hemisphere mid 
latitudes, indicating that the trend in merged data for that ICOADS-poor region should not be 
greatly affected by a heavier reliance on ISCCP. 
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Figure 2.  Spatial correlation between ICOADS and ISCCP, and their spatial means and standard deviations for 
common-sampling areas. 
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Figure 3.  Zonal averages of temporal correlation between ICOADS and ISCCP, and their time means and 
standard deviations for common-sampling areas. 
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2. Blending ICOADS and ISCCP 
 
 The two cloudiness estimates are blended using optimum interpolation (OI, see e.g., 
Reynolds and Smith 1994).  OI produces interpolated values by finding weights for observations 
surrounding the interpolation point.  The interpolation is the weighted sum of those surrounding 
values.  The weights are optimum in the sense that if statistics used for the OI are known exactly 
then it will yield the interpolated value with the minimum error.  In practice the statistics are only 
approximately known, so the result is only approximately optimal.   
 

Here the OI uses data over 12.5º in longitude by 7.5º in latitude regions (5x3 grid boxes) 
centered on the analysis grid box.  Over this region we assume that the signal variance is constant.  
The zonal correlation scale is set to a constant 400 km and the meridional scale set to a constant 
250 km.  Since the satellite data may contain uncorrected biases we wish to have the analysis 
dominated by ICOADS where those data are sufficiently dense.  If there are at least 4 ICOADS 
observations defined in the 5x3 region then no ISCCP data are used in the analysis.  If there are 
fewer than 4 ICOADS observations then ISCCP is used for all ocean areas in the 5x3 region.  The 
noise/signal variance ratio assigned to ISCCP is set to 1 for all areas.  For ICOADS the noise/signal 
is set to 2/n, where n is the number of ICOADS observations for the 2.5º grid square.  Thus, when 
both ISCCP and ICOADS are present the ICOADS will be weighted less for squares with only 1 
observation, equal for squares with 2, and greater for squares with more than 2 observations.  Since 
a large number of observations may lead to over smoothing, in cases when more than 12 
observations are available the OI selects the best 12, considering correlation and noise.  The 
weights for the OI are adjusted so that their sum is one.  This normalization of the weights prevents 
the analysis from being damped in cases when sampling is sparse. 
 
 Examples of the blended analysis and the OI inputs are shown for Jan 1984 (Fig. 4) and Jan 
2008 (Fig. 5).  For both months in most areas the blend strongly resembles ICOADS, as intended.  
Note that in Jan 1984 there are residual biases in the Indian Ocean which are not apparent in the 
blended analysis.  In Jan 2008 there is less ICOADS sampling and ISCCP is therefore more 
important. 
 
 Summary comparisons for the full period are shown using spatial statistics (Fig. 6) and 
zonal averages of temporal statistics (Fig. 7).  Here the comparisons are between ICOADS and the 
OI blended analysis.  The spatial correlation is very high throughout the period, although it 
decreases in recent years when ICOADS sampling decreases.  There is little difference in the 
spatial means of the two.  Spatial standard deviation of the OI blended analysis is less, due to 
smoothing in the OI.  The OI smoothing should greatly reduce ICOADS noise that could be a major 
contributor to its larger spatial standard deviation. 
 
 The temporal correlations are higher than those in Fig. 3, but they indicate the same 
latitudinal dependence with highest values where ICOADS sampling is most dense.  There is little 
difference between the time means of the two and the trends of the two. 
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Figure 4.  Cloudiness for Jan 1984.  The merged (upper), adjusted ISCCP (middle), and ICOADS (lower) inputs 
are shown in oktas. 
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Figure 5.  Cloudiness for Jan 2008.  The merged (upper), adjusted ISCCP (middle), and ICOADS (lower) inputs 
are shown in oktas. 
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Figure 6.  .  Spatial correlation between ICOADS and the OI blended analysis, and their spatial means and 
standard deviations for common-sampling areas. 
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Figure 7.  Zonal averages of temporal correlation between ICOADS and the OI blended analysis, and their time 
means and standard deviations for common-sampling areas. 
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3. Summary and Conclusions 
 
 A blended ICOADS and ISCCP monthly 2.5º ocean-area cloudiness data set was produced 
for July 1984 to June 2008.  The blended product is weighted towards ICOADS where those data 
are available, using ISCCP to help fill gaps.  The ISCCP data were adjusted to remove the major 
non-physical variations, although some remains after adjustment.   
 

Comparisons show that the blended analysis is similar to ICOADS in most regions.  In 
addition, satellite-sampling biases are not apparent in the blend.  Because of the minimization of 
satellite biases, the OI blended analysis may be more suitable than the satellite analysis alone for 
some climate studies. 
 
References 
 
Reynolds, R.W., and T.M. Smith, 1994: Improved global sea surface temperature analysis using 

optimal interpolation.  J. Climate, 7, 929-948. 
Rossow, W.B., A.W. Walker, D.E. Beuschel, and M.D. Roiter, 1996: International Satellite Cloud 

Climatology Project (ISCCP) Documentation of New Cloud Datasets. WMO/TD 737. 
World Climate Research Programme, 122 pp. 

Worley, S.J., S.D. Woodruff, R.W. Reynolds, S.J. Lubker, and N. Lott, 2005: ICOADS Release 2.1 
data and products. Int. J. Climatol. (CLIMAR-II Special Issue), 25, 823-842 (DOI: 
10.1002/joc.1166). 

 


