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Abstract 

 
 Annual and monthly oceanic cloudiness was reconstructed based on historical ICOADS observations 
beginning 1900.  Data are sufficient to support global reconstructions throughout this period, although poor 
sampling during the early 1940s reduces our confidence in monthly reconstructions in that period.  The 
reconstructions show increasing cloudiness over the 20th Century, and much of the increase appears to be associated 
with an ENSO-like multi-decadal mode.  This reconstruction is consistent with independent precipitation 
reconstructions, which also indicate increases associated with a multi-decadal ENSO-like mode. 
 
1. Introduction 
 
 Oceanic variations of precipitation beginning 1900 have been reconstructed using a 
variety of methods.  Those reconstructions seem reasonable compared to coupled model 
estimates for the 20th Century and also compared to the available observations.  However, 
oceanic observations of precipitation are limited in time from remote sensing, and extremely 
sparse from in situ observations.  Additional independent indicators of oceanic precipitation are 
highly desirable for validation of the oceanic precipitation. 
 
 ICOADS contains cloudiness observations from ships, which record the fraction of the 
sky covered by clouds in eights.  Although there can be clouds without precipitation, 
precipitation falls from clouds so variations in cloudiness are associated with precipitation 
variations.  Here we use the ICOADS cloudiness to create a reconstruction of the annual-mean 
cloudiness on a 5° spatial grid.  We here only attempt this coarse resolution reconstruction to 
produce a data set suitable for helping to validate multi-decadal precipitation variations over the 
oceans.  Higher resolution reconstructions may be possible but we have no present need for one.  
We use the summary ICOADS summary statistics with their quality control and we do not 
perform any data adjustments. 
 
 The ICOADS 2° monthly summary statistics are used for this analysis.  We use the 
median cloudiness available and grid it to the monthly 5° spatial grid for all 5° squares with at 
least three individual observations.  Medians are used to minimize the influence of outliers, 
which will more heavily influence the mean.  The monthly 5° cloudiness data are then annually 
averaged in squares that have at least six months of the year defined. 
 
 To show how the annual 5° sampling cloudiness changes with time, the percent of ocean 
areas sampled are computed for the Southern Hemisphere extratropics (90°S-25°S), the tropics 
(25°S-25°N), the Northern Hemisphere extratropics (25°N-90°N), and globally.  The percentage 
of ocean area sampled is consistently least in the southern extratropics (Fig. 1).  In both the 
tropics and the northern extratropics sampling tends to be better.  Sampling is best since 1950, 
and it becomes low in all regions associated with the two world wars.  However, the global 
sampling tends to be 40% or more for most of the period, suggesting that global reconstructions 
should be possible. 
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Figure 1.  Percent of ocean areas sampled by annual and 5°-spatial averaged cloudiness in the indicated 
region. 

 
2. Base Statistics 
 
 The cloudiness reconstruction requires base data for computing analysis statistics.  Here 
we a merged ISCCP and ICOADS cloudiness dataset from 1984-2007.  Before merging the 
ISCCP cloudiness was converted to okta units to match ICOADS units.  The ISCCP was then 
adjusted to reduce non-physical variations associated with changes in satellites.  The adjustment 
was done by remove variance associated with an ISCCP EOF mode that indicated sampling 
changes that strongly influenced the Indian Ocean region.  The two data sets were merged using 
an OI that weights ICOADS observations higher when and where they are available, but includes 
ISCCP satellite observations to fill in regions with little or no ICOADS observations.  Details of 
the ISCCP and ICOADS blending are in Smith (2011). 
 
 
Table 1.  The % variance for the 1st 10 EOF modes of OI blended base (1984-2007) cloudiness. 

Mode 1 2 3 4 5 6 7 8 9    10 
  14.80 12.49  8.68  5.73  4.94  4.64  4.08  3.92  3.74  3.38 

 
 
 
 Anomalies of the annual base data were used to compute covariance the EOFs needed for 
the reconstruction.  The percent variance associated with each EOF (Table 1) is highest for the 
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first two, gradually getting smaller for higher number modes.  For the annual reconstruction we 
use the first 10 modes, which account for about 66% of the base variance.  We screen out modes 
that do not have at least 20% of their variance sampled to avoid fitting noise.  Requiring that 
20% of the variance be sampled is based on reconstructions of SST and precipitation.  Cross 
validation typically indicate that between 5% and 20% sampling is sufficient to eliminate noise.  
With 20% sampling all ten modes are used in all years. 
 
 Examination of the individual modes indicates the dominant physical processes 
associated with cloudiness variations.  The first mode is a trend, indicating increasing cloudiness 
in the much of tropics and the southern oceans (Fig. 2).  The second EOF is another trend mode 
that modifies the 1st mode variations (Fig. 3).  The time series of both modes indicates ENSO 
variations in addition to trends. 
 



4 
 

 
Figure 2.  First base-period cloudiness EOF pattern and time series. 
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Figure 3.  Second base-period cloudiness EOF pattern and time series. 

 
 
 The third mode appears to be associated with multi-decadal variations in ENSO.  It also 
has strong loading in the tropical Atlantic that may be teleconnected to ENSO (Fig. 4).  Some of 
that region is also influenced by the first mode, and there may be some mixing of ENSO 
variations between them.  But the third mode time series more clearly reflects interannual 
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variations in the Pacific while the first mode variation is more multi-decadal.  The fourth mode 
has strong loadings in the subtropical and mid-latitude Pacific (Fig. 5). 
 

 
Figure 4.  Third base-period cloudiness EOF pattern and time series. 
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Figure 5.  Fourth base-period cloudiness EOF pattern and time series. 
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3. Annual Cloudiness Reconstruction 
 
 The base-period average is subtracted from the annual averages for individual years, 
which is then reconstructed using the first ten modes.  The base mean is then added back onto the 
reconstructed anomalies to yield the ocean-area reconstruction in oktas.   
 

Since the reconstruction is formed using only 10 EOFs, only 10 EOFs are needed to 
completely describe the reconstruction for the full analysis period.  However, compared to the 
base period the variance can be redistributed differently for the reconstruction.  To show that an 
EOF analysis was performed using the 1900-2010 reconstructed annual averages.  The percent 
variance of this reconstruction EOF shows that the most important historical variations are 
associated with the first three modes (Table 2).   
 
 
 
Table 2.  The % variance for the 1st 10 EOF modes of the reconstructed (1900-2010) cloudiness. 

Mode 1 2 3 4 5 6 7 8 9    10 
  50.33 15.97 10.56  5.62  4.12  3.50  3.12  2.59  2.15  2.02 

 
 
 
 The dominant first reconstructed EOF (Fig. 6) indicates a nearly steady trend over most 
of the period.  In the 1940s there is a spike in the time series coincident with the Second World 
War, possibly caused by data problems or sparse sampling in that period.  Early in the 21st 
Century there is a gradual decrease in cloudiness associated with this mode.  The second and 
third modes of annual reconstructed cloudiness are associated with non-trend multi-decadal 
variation.  Mode 2 variations (Fig. 7) are strongest in the tropical Pacific and the southern 
oceans, while mode 3 variations (Fig. 8) are more spread more evenly.  Both modes 2 and 3 
indicate a tendency for a difference in sign between the Northern and Southern Hemispheres. 
 
 In the cloudiness data used here we made do not evaluate bias in the historical data.  As 
discussed by Warren et al. (1988), such biases can occur if sampling practices change, if the 
fraction of day to night observations changes, or from ships avoiding stormy and cloudy weather.  
For example, it is possible that changes in how or what part of the day observations are made 
may influence the brief rise in the 1940s cloudiness indicated in Fig. 6.  In Warren et al. (1988) 
different historical cloudiness errors were considered.  Their conclusion was that there can be 
biases for some periods but that bias can be about 1.8%, which is about 0.14 oktas.  The time 
series in Fig. 6 is essentially a scaled time series of the global mean, except that the global mean 
ranges between about 5.25 oktas early in the 20th Century to about 5.5 oktas late in the century.  
The change between the 1939 trough and 1943 peak is about 0.2 oktas.   
 

The annual analysis indicates oceanic cloudiness variations that are broadly consistent 
with known climate modes such as ENSO.  Variations also indicate multi-decadal variations, 
including trend-like variations over the 20th Century consistent with changes in global SSTs.  
Because of those consistencies with independent analyses it is likely that most of the analyzed 
variations are caused by climate variability.  Future work may better define historical biases and 
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allow data to be adjusted to compensate for them, which would allow a more refined 
reconstruction to be produced. 
 

 
Figure 6.  First EOF of reconstructed annual-average oceanic cloudiness. 

 
 
 



10 
 

 
Figure 7.  Second EOF of reconstructed annual-average oceanic cloudiness. 
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Figure 8.  Third EOF of reconstructed annual-average oceanic cloudiness. 

 
 
4. Monthly Cloudiness Reconstruction 
 
 Monthly reconstructions use the annual reconstruction as a first guess.  To produce base-
period EOFs the anomalies of the base annual averages are linearly interpolated to the month of 
the year.  Anomalies are defined by subtracting the base-period mean.  Those interpolated annual 
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anomalies are subtracted from the monthly base-period anomalies to form monthly anomaly 
increments.  Monthly anomalies remove the base-period annual cycle.  A set of 30 monthly 
increment EOFs are then computed. 
 
 The set of 30 monthly anomaly-increment EOFs is used to reconstruct monthly anomaly 
increments.  Anomalies are formed of the first guess annual reconstruction and those values are 
linearly interpolated to the month of the year for each month.  Anomalies of the historical data 
are also formed by subtracting out the base-period climatology annual cycle.  Data anomaly 
increments are then formed by subtracting the interpolated anomaly first guess from the monthly 
data anomaly.  Those data anomalies are reconstructed using the 30 EOFs.  As with the annual 
average reconstruction, we require that 20% of the variance of a mode be sampled for its 
inclusion in the monthly increment reconstruction.  After reconstruction the monthly anomaly is 
formed by adding back on the interpolated first-guess anomaly and the full cloudiness is formed 
by adding to that the monthly climatology. 
 
 Requiring 20% variance sampling for each mode, the reconstruction chooses all 30 
increment modes for most months.  The only times when fewer than 30 modes are used are in 
1943 when 29-30 modes are used, in 1945 when 23-30 are used, and in December 1941 when 9 
modes are used.  Thus, we may have less confidence in the reconstructions around the Second 
World War due to the sparse sampling. 
 
 Monthly reconstructed cloudiness is averaged to seasonal values to show some variations 
in the DJF and JJA seasons beginning 1900.  The global average in both seasons (Fig. 9, upper) 
shows multi-decadal increases in both seasons.  On interannual time scales the two seasons are 
sometimes positively correlated, as with the peak in the 1940s, but overall the interannual 
variations tend to be negatively correlated between the two seasons.  The spatial standard 
deviation (Fig. 9, lower) indicates a decrease in spatial variations over the reconstruction period 
for both seasons.  The decrease is slight, about 0.15 oktas over the reconstruction period.  It is 
not clear from this analysis how much of the decrease in standard deviation is due to changes in 
data and how much it reflects physical climate variations.  As noted above the sampling is 
sufficient to support all monthly increment modes for nearly all months of the reconstruction.  
Therefore, the trends in the means or standard deviations in either season are artificial then it 
must be due to an artificial trend in the ICOADS observations.  Warren et al. (1988) suggest that 
there could be systematic variations between sailing and steam or motor vessel reports, which 
should minimally contaminate this record period which begins after the time of most sailing 
vessels.  Less spatial variance in cloudiness could be caused by the detected multi-decadal 
variations in precipitation that tend to concentrate it, with precipitation increasing in high-
precipitation regions and decreasing in low-precipitation regions.  That consistency suggests that 
the multi-decadal standard deviation variations are likely due to real climate variations.  
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Figure 9.  Global spatial mean (upper) and standard deviation (lower) cloudiness for DJF and JJA seasons. 

 



14 
 

 Seasonal differences in cloudiness are slight but they do occur and there are many 
consistencies in the seasonal differences between different periods (Fig. 10).  Some noticeable 
changes in the tropics between early in the 20th Century and late in the century appear to be 
associated with ENSO-like variations.  Early in the century there was a larger negative difference 
in the west Pacific and East Indian Ocean, while later in the century there is a larger positive 
difference in the eastern Pacific.  An ENSO-like multi-decadal response dominates the annual 
cloudiness (Fig. 6) and is also apparent in the independent precipitation reconstructions (Smith et 
al. 2009).  It is well known that ENSO dominates interannual climate variations.  Extended 
climate reconstructions suggest that longer-period ENSO-like variations may also dominate 
multi-decadal climate variations. 
 

 
Figure 10.  DJF minus JJA cloudiness differences for 1900-1929 (upper) and 1960-1989 (lower). 
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