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Prcface 

This is the fourth of a series of atlases to fesult from a study of the global cloud distribution 

from ground-based observations. The first two atlases ( N C A m - 2 0 1  +STR and N C A W N -  

241+STR) described the frequency of occurrence of each cloud type and the co-occurrcnce of dif- 

ferent types, but included no information about cloud amounts. The third atlas (NCAWN- 

273+STR) describcd, for the land areas of the earth, the average total cloud covcr and the 

amounts of each cloud type, and their geographical, diurnal, seasonal, and interannual variations, 

as wcll as the average base heights of the low clouds. The present atlas does the same for the 

ocean areas of the earth. These atlases are published with the cooperation of the National Center 

for Atmospheric Research, supported by the National Science Foundation. 

Cover photographs. Left: Altostratus and altocumulus in the South China Sca (23"N, 128"E), 26 
Septembcr 1984. Right: Cumulus in the western Pacific (15"S, 169"E), 2 June 1987. 

Covcr photographs on the land atlas were not identified there; they are as follows. Left: 

Cirrus over Seattle, Washington (47"N. 122"W), 2 December 1984. RighL: Cumulus ovcr eastcm 
Xinjiang (43"N, 94"E), 16 September 1984. 
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1. INTRODUCTION 

Clouds have important roles in earth- atmosphere energy exchangcs, and in the hydrological 

cyclc. The effects of clouds depend on cloud thickness, height, watcr or ice content, and 

geometrical shape, and therefore it is useful to distinguish different types of cloud. In this atlas 

we present the distribution of total cloud cover and the amounts of several cloud types for the 

ocean areas of thc earth, as obtained by analysis of surface weather observations. This atlas com- 

plcments our cloud climatology for the land (Warren et al., 1986), which will often bc referred to 

here as "the land atlas". Since the methods of analysis are in large part the same for both 

ocean and land cloud Observations, extensive discussion of those methods is not rcpcatcd here. 

The text of the land atlas should be considcred as background information for this atlas. Thc text 

of this atlas discusses problems which are spccific to the ocean data. 

Thc land atlas prcscntcd a mcthod for determining the avcragc fractional covcragc of cach 

cloud type, taking into account the overlap of different cloud types which wcrc present simultanc- 

ously in a single observation from the surface. The method was dcsigmcd to dcrivc the true aver- 

age amounts rather than the amounts seen from below or above. (The amounts seen Prom below 

or above will be referred to as the non-overlapped amounts.) The method obtains scp:iratcly the 

average frequcncy of occurrence and h e  average amount-when-present, and multiplies these to 

derive the average amount of the cloud type. These quantities are mapped for six cloud types for 

each of four seasons at 5"x5" latitude-longitude resolution. [Polcward of 50" latitude the size of 

the grid boxes is increased in longitude to maintain approximatcly equal area in cach box. For 

convenience, the term "S"x5" box" is used to refer to any of these boxes.] They arc also mapped 

at 10" x 20" latitude-longitude resolution to provide more complctc geographical covcragc. The 

average total cloud cover is also mapped at both resolutions. Diurnal and intcrannual variations, 
and basc heights of the low cloud types, are mapped only at 10°x20" resolution because in many 

parts of thc ocean there are insufficient numbers of observations to computc thcsc quantitics at 

S"x5" resolution. More detailed information, not included in this atlas, such as average frcqucn- 

cies and amounts for individual year-seasons and individual reporting-hours, arc available on a 

magnetic tape (Sec. 9). Time-series plots of the amount of each cloud type (for the 30 years 

1952-81), and of total cloud cover (for the 52 years 1930-1981) for cach I0"x2Oo box are 

included on microfiche (attached inside the back cover). 

This climatology is based entirely on weather observations from ships. It will therefore be 

complcmcntary to cloud climatologies derived from satellite data such as the Intcmational Satcl- 

lite Cloud Climatology Project (ISCCP). Satellites can be expected to provide more information 

about the high clouds, whereas ground obscrvcrs often have ;I bcttcr vicw of the low clouds. 

Satellites also observe the clouds more frequently than do observcrs on ships, in most par-ts of the 



ocean; and satcllites are in the best position to determine the effects of clouds on thc earth's radi- 

ation budgct. Ground-based observers have the advantages that they are closer to thc clouds and 

that thcy can make use of pattcrn-recognition, so they can readily idcntify the diffcrcnt types of 

cloud. Ground-based obscrvations are also available for a longer period of ycars than arc satcllitc 

observations. Ground-based cloud reports are less "objective" than satcllitc-dcrivcd cslimatcs of 

clouds, but when largc numbers of observations are available, the averagcs can be quitc prccisc. 

To quotc McDonald's Atlas of Climatic Charts of the Oceans (1938): 

"It is not within the scope of this atlas to attcmpt an cxplanation of thc phenomena and thcir vari- 

ations. A careful study of the charts will demonstrate, however, that thc obscrvations supplied by 

seamen have not been careless or perfunctory; otherwise, the seasonal and gcographical varia- 

tions of the various elements would not be so consistently in evidence." 

2. DATA SOURCE 

The only type of data used for this climatology is the individual routine wcathcr obscrva- 

tions made from ships and coded by thc obscrvcrs into the standard form (at thc timc) of the 
WMO synoptic code (e.g. WMO, 1974). No observations from islands or coastal wcathcr sta- 

tions are included. We began our study using the Consolidated Data Sct (CDS) of thc Flect 

Numerical Oceanography Center (FNOC) covering the years 1946-78. That was thc sourcc of 

data for our atlas of co-occurrence of different cloud types over the occan (Hahn ct al., 1982). 

Subsequently, the Comprehensive Ocean-Atmosphere Data Set (COADS; Woodruff ct al., 1987) 

became available, and we used it for this study principally because it contains many morc obscr- 

vations than does the FWOC-CDS. We used the "compressed marine rcports", listed as Product 

10 in Table 5 of Woodruff et al. (1987). This is the dataset of individual obscrvations, not 

monthly summaries. We used an early version of this dataset, Version CMR.4, obtaincd from 

Scott Woodruff (NOAA-Em). 

The COADS project merged several existing datasets of synoptic obscrvations from ships, 

primarily merchant ships but also military ships and weatherships. [Occan data buoys are also 

included in the same format, but they of course contain no information about clouds.] A major 

source for COADS was the dataset used and describcd in the Marine Climatic Atlas of the World 
(U.S. Navy, 1974-1979). Many obscrvations were present in morc than onc of thc source 

datasets; after the elimination of as many of these duplicates as possible thcrc rcmnincd 70 mil- 

lion observations for the years 1854-1979. There are many observations from those ycars which 

are still not included in COADS because they exist only in archivcd logbooks of thc ships and 

have not yet been keyed into a computer-readable storage medium. The COADS projcct is con- 

tinuing, and observations for 1980 and later years are being added. Sincc data for thc 1980s wcre 
not yet available from COADS at the time of our analysis, we used for these rcccnt ycars the 



datasct of observations received via telecommunications by FNOC. The numbcr of obscrvations 

pcr year available to us from the 1980s is only about half that of a typical ycar in thc 1970s 

because we have only the observations that were transmitted by radio and not thosc that wcre 

recorded only in the ships’ logbooks. 

COADS contains sufficient numbers of observations in some parts of thc occan to cxtend 

our climatology as far back as 1890. However, the synoptic code for cloud typcs was not dcfined 

until 1930, so we did not analyze any observations prior to 1930. We have furthcr rcstrictcd most 

of our analyses to the 30-year period 1952-1981, inclusive. The reason for not using data prior to 

1952 is that observing procedures in those years were not consistcnt for ships of all countrics, as 

discussed below. The reason for not using data after 1981 is that thcrc wcrc changcs in thc 

synoptic code in January 1982 which, togcthcr with our quality-control proccdurcs, would intro- 

duce biases into the analysis. [However, the analysis of diurnal cycles did usc data through 1983, 

as dcscribed below.] 

The analyses are done for each of the four meteorological seasons, dcsignalcd by the first 

lctter of each month: DJF, MAM, JJA, SON, where (for example) DJF 1979 includcs thc months 

Dccember 1978 - February 1979. The data therefore include all months Dcccmbcr 1951 - 

November 198 1. 

The observations are normally made every three or six hours, with considcrably morc obser- 

vations at GMT hours divisible by 6. Prior to 1940, observations wcrc cqually likcly at any of thc 

24 hours. The practice of rcporting only at GMT hours divisiblc by 3 (thc cight “synoptic hours”) 

apparcntly began in the 1940s and was almost universal by 1950 (bascd on our invcntory of 

COADS data). In our analysis of the diurnal cycle, we use only these eight hours, so obscrvations 

made at other times are grouped together with thosc of the nearest synoptic hour. Somcwhat lcss 

than 2% of the observations are made at GMT hours not divisible by 3. 

Observations from ships arc made around-the-clock; the night-timc hours arc sampled 

almost as wcll as the daytime hours. However, on some ships the obscrvations madc at night arc 

not transmitted until the next day. FNOC (for example) will not archivc observations rcccivcd 

more than 21 hours after they are made. This leads to a daytimc bias in thc years bcginning 1980 

because we have the logbook data only through 1979. It has a very small cffcct on our multi-year 

average cloud amounts but does cause a small apparent increase in cloud covcr aftcr 1979 dis- 

cussed bclow in Section 4. 

Not all the observations in COADS contain cloud information. About 6% of thc 1930- 1979 

observations do not report total cloud cover (Figure 1). Many of these non-cloud obscrvations in 

the late 1970s are from buoys, but we do not know the reason for thc time-dcpcndcncc of the 

absence of information on total cloud covcr in the years 1945-1950. One rcason for missing clc- I 

ments in COADS was the practicc of eliminating some types of erroncous data from thc Marine 
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Climatic Atlas files which were later used to create COADS. 

Of the 70 million observations in COADS (total period of record 1856- 1979) we uscd 4 1.6 

million which were from the restricted period 1952-1979 and which includcd total cloud cover. 

We supplemented these with 1.7 million observations from 1980-81 obtained from FNOC, giving 

a total of 43.3 million observations used for the analyses in this atlas. [Wc subscqucntly leamcd 

that a more complete set of data for 1980-81 would have been available from NCDC.] For a spe- 

cial study of long-term changes of total cloiid cover (included on the rnicrofichc plots but not on 

the maps) we used an additional 8.5 million observations from COADS for the pcriod 1930-1951. 

Thc numbcr of observations per year from (IOADS which included total cloud covcr is shown in 

Figure 2. 

a. Cloud information in thc synoptic codc 

The information on clouds which wc used from the synoptic wcathcr rcporls consistcd of 

total cloud covcr (N), lower cloud amount (Nh), low cloud type (Cd,  middlc cloud typc (C,), 

high cloud type (CII), present weathcr (ww), and base height of the lowcst cloud (h). I f  informa- 

tion was lacking in a particular category, a slash c/) was recordcd by the obscrvcr. In thc cloud 

portion of the rcport, the same code used by land stations is also uscd by ships. 

N and Nh are integers from 0 to 8, signifying eighths of sky-covcr, roundcd to the ncarest 

eighth, except that N=O means completely clcar sky and N=8 means complctely unbrokcn ovcr- 

cast. N=9 means "sky obscured", often due to fog, rain or snow. In cases of N=9 wc consult the 

present wcathcr code in ordcr to determine the cloud typc, if any. If ww indicates fog, rain, snow, 

or thunderstorm, a cloud type is thcn assigned as indicated in Table 1, with symbols dcfincd in 
Table 2. If the sky is obscured for other reasons, e.g.  haze, smoke or darkncss, thc rcport is dis- 

carded (2.6% of all reports). CL, CM, and C ~ H  can obtain values 1-9, signifying onc of 27 dcfincd 

typcs (9 for each level), or 0, meaning no clouds at that level. Nh is the amount of all low clouds 

present, but if CL=O then Nh is the amount of middle clouds.' The base hcight of-the lowest cloud 

present, whether low or middlc, 'is coded in h as a numbcr 'from 0 to 9. This is thc hcight of the 

lowcst part of the lowest cloud prescnt, even if the predominant low cloud laycr is highcr. [There 

is more detailed supplementary information on clouds in the optional section of somc of the 

synoptic reports. We did not analyze these "significant cloud" observations bccausc they arc not 

often includcd in the reports and because the reporting practiccs vary from one country to 

anothcr.] 

A history of the synoptic code is given by National Climatic Data Ccntcr (1962). In the 

codc as defined in 1921 the quantities N, Nh, h, and ww were includcd. In 1929 thc cloud typcs 
CL, CM and CII were added to thc code, to bc used beginning 1930. Wc thcrcrorc initially 



Table 1. Grouping of cloud types 

‘C, = high cloud type; C, = middle cloud type; C, = low cloud type. The numbering 
scheme is defined in WMO (1956). 

cloud types used shorthand 
in this paper notation 

observer codes included 
in each type’ 

Ci/Cs/Cc Ci c, 1-9 

As/Ac As C, 1,3,4,5,6,8,9;CM 2,7 if not precipitating3 

Ns2 Ns If (pre~ipitating)~ and (C, 2,7 or CL 6,7) 

c u  c u  c, 1,2 

St/Sc St C, 4,5,8; CL 6,7 if not precipitating3 or if C, = 2,7, /; 
N = 9 with fog4 

Cb5 Cb CL 3,9 

3”Precipitating” means present weather code 50-75. 

4”Fog” means present weather code 10-12 or 40-49. 

‘Cb is also considered to be present when the cloud report indicates ”sky obscured” and 
the present weather code is 80-99. This combination occurs in only 0.2% of the observa- 
tions. 

n 
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Tablc 2. Symbols Used 

a) in synoptic codc 
cII high cloud type 

low cloud type 
middle cloud type 

amount of low clouds (or of middle cloud, if no low clouds prcscnt) 

cL 

Ntl 

N total cloud covcr 

ww present weathcr 
I not reported 

b) in Tablc 3 
F fog (WW 10-12, 40-49) 
LAT latitude 
LON longitude 
R rain or snow (ww 50-75) 
T thunderstorm (ww 80-99) 

c) for cloud typcs 
Ac Altocumulus 
As Altostratus; shorthand for As/Ac 
Cb Cumulonimbus 
cc  Cirrocumulus 
Ci Cirrus; shorthand for Ci/Cs/Cc 
c s  Cirrostratus 
c u  Cumulus 
Ns Nimbostratus 
s c  Stratocumulus 
St Stratus; shorthand for St/Sc/fog 



d) in analysis 

awP 
f 
GMT 
IAV 
LT 
RMS 
sd 

e) acronyms 
CDIAC 

CDS 
CIRES 

CMR 
COADS 
CSIRO 
ERL 
FGGE 
FNOC 
GARP 
GFDL 
HSST 
ISCCP 
ITCZ 
NASA 
NCAR 
NCDC 
NOAA 
SPCZ 
WMO 

amount-when-present 
fractional frequcncy of occurrence 
Greenwich mcan time 
intcrannual variation 
local time 
root mean square 
standard dcviation 

Carbon Dioxide Information Analysis Center (Dcpartmcnt of Energy, Oak 
Ridge, Tenncssee) 
Consolidated Data Set of FNOC 
Cooperative Institute for Rcsearch in Environmental Sciences (Univ. of 
Colorado) 
Condensed marine reports of COADS 
Comprehensive Occan-Atmosphcre Data Sct (Woodruff et al, 1987) 
Commonwealth Scicntific and Industrial Research Organization (Australia) 
Environmental Research Laboratorics of NOAA (Boulder, Colorado) 
First GARP Global Expcriment (Dcc. 1978 -Nov. 1979) 
Flect Numerical Oceanography Ccnter (Montcrey, California) 
Global Atmospheric Research Program 
Geophysical Fluid Dynamics Laboratory of NOAA (Princcton, New Jcrsey) 
Historic Sea-Surface Temperaturc Project 
International Satellite Cloud Climatology Project 
Intertropical Convcrgence Zone 
National Aeronautics and Space Administration 
National Center for Atmospheric Research (Bouldcr, Colorado) 
National Climatic Data Center (Ashcville, North Carolina) 
National Oceanic and Atmospheric Administration 
Southcrn Pacific Convergence Zone 
World Meteorological Organization 

3DNEPH 3-dimensional Nephanalysis (U.S. Air Force) 



planned to analyze all data from COADS beginning 1930. Our inventory of these data, however, 

shows that it was not until after 1950 that the reporting procedures for 1930 were uniformly 

adopted, so that it is not useful to look for interdecadal changes in cloud variables prior to 1950, 

with the possiblc exception of total cloud cover. 

b. Invcntory of COADS cloud data and changes in obscrving procedurcs 

Although most of the of the individual reports in COADS provide information on total 

cloud cover, the cloud typcs are missing prior to 1930 when they were added to the synoptic 

codc. [Present weather is also missing prior to 1930 even though it was introduccd into thc code 

in 1921.1 COADS contains many observations from the Historic Sea Surfacc Tcmpcraturc 

(HSST) project for the years 1861-1960. All observations from HSST are missing cloud typcs 

and present weather. This is not because the observers were negligent, but rathcr bccause thc 

HSST project did not keypunch the prcsent-weather and cloud type information from the log- 

books. Total cloud covcr data are present in these observations. The HSST contributcs about 

16% of the total volume of COADS in the 1950s. 

It appears that many of thc observations, even after 1930, which do includc cloud type 

information wcrc not actually coded into the International Meteorological Organization codc by 

the observcr. The evidcnce for this is that certain codes (ww 20-39; CL 2,4; CM 4,6,8,9; CII 3,4) 

almost never appcar in thc pre - 1940 data. This suggests that informal observations in the log- 

book werc coded latcr by data processors into the standard codc. We will show that thc inclusion 

of such data in our analysis would cause spurious trends in cloud amounts. 

Many diffcrcnt data sets were mcrged for COADS, and complctc documcntation is not 

availablc for each of them, telling how the logbook entries were codcd. Sincc wc cannot track 
down all the reasons for crrors that may have entered during the coding or compilation pro- 

cedures, wc just invcntory the data in a variety of ways so that we can decidc whcthcr Lo cxclude 

whole classcs of data that we judge to be unreliable. 

1) Cloud type information 

In what follows, we considcr only those observations which include total cloud covcr N. 

[All othcr Observations (Figure 1) were discarded.] Of this set of observations, in the 1970s, about 

99% also report ww, 91% rcport Nh, 86% report CL, 84% report h, 68% report CM and 60% 

rcport CII. Thcse statistics differ somewhat from those for the land stations (Table 1 of the land 

atlas). The number of reports of CM and CH is lower than that of CL, because obscwations of low 

overcast lack information about CM and C I ~ .  

In the carlicr years a smaller fraction of the observations includcd cloud type information. 

Figure 3a shows that the reporting of Nh and h was almost noncxistcnt bcforc 1940, increased 
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Figure 3. Percent of ocean cloud reports (i.e. of reports which include total cloud cover N) 
which include cloud type information. (a) Present weathcr, low-or-middle cloud 
amount, low-or-middle cloud base height; (b) low, middle, and high cloud types. 



sharply by 1948, and reached its prcscnt lcvel by about 1960-62. This final incrcasc occurs 

because the HSST data, in which cloud-type information had been artificially dclctcd, do not con- 

tribute any observations to COADS after 1961. We estimate from Figure 3 (and othcr figures 

below) that the non-HSST observations reachcd their prescnt level of quality around 1948. How- 

ever, the dip in Figure 3 at 1956 is unexplained. 

The reporting of ww (Figure 3a) is more common than Nh in the 1930s and 1940s (ww is 

generally rcported whenever CL is) but follows the same pattem as Nh aftcr 1947. 

Figure 3b suggests that the modem normal pattem of reporting practicc for CL, CM, and CH 

was achieved by 1949. However, the years bcfore 1945 are very odd indccd, bccausc CM and CI1 

appear more often than CL. A common "observation" in the 1930s, consistent with this anomaly, 

is ww=61, N=8, Nh=/, CL=/, CM=2, CkI=O. Such an observation is probably a rcport of nimbos- 

tratus which was coded not by the observer but rather by a later recipient of thc data. Sincc our 

analysis procedure for cloud types (Figures 1-4 of the land atlas) discards obscrvations in which 

CL is missing, we would underestimate the amount of Ns in the 1930s. 

2) Middle and high types missing 

A common coding error is to report CM=O or CH=O whcn the lowcr cloud is ovcrcast 

(Nh=8). The correct rcport would have CM and C I ~  coded as missing. Figure 4 suggcsts that this 

crror is much more common in earlier years. In the 1930s, the obscrvations which includc a low 

cloud report almost nevcr have CH=/. 

In our analysis, wc corrcct these miscodcd observations by convcrling C11=0 lo C I ~  = / and 

CM=O to CM=/ when appropriate (Figure 1 of the land atlas). Howcvcr, our proccdurc probably 

does not catch all the observations miscodcd in this way. For example, observcrs codc CI1=/ not 

only when Nh=8 but also sometimes when Nh=7. Thus a straightforward analysis of COADS 

would lead to an apparent increase with time of thc frequcncy of high and middlc clouds. We 

avoid this bias by performing the analysis for frequency of high types only on the sct of obscrva- 

tions for which N h l  6, as discussed further in Section 3d. 

3) Low cloud height 

Figure 5 is in the form of histograms showing the frequency distributions of rcports in 

several multi-year epochs. The dataset is broken into tcn epochs with about five million obscrva- 

tions cach, starting with 1930-39 and ending with 1977-79. 

The reports which include an estimate of low cloud height arc groupcd according to height 

class in Figure 5a. The most commonly reported height is class 5 (600-1000 m) for 1930-1949, 

changing gradually to class 4 (300-600 m) by 1955. We might speculate that this changc is the 

result of more accurate reporting beginning during the 1940s becausc of incrcasing opportunitics 

for calibration by reports from aircraft, rather than any real change in thc cloud basc hcights over 

that time. 
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Figurc 4. Perccnt of ocean cloud typc rcports (i.e. of reports which include low cloud typc 
CL) which havc (a) high type missing or zero; (b) middle typc missing or zcro. 

4) Total cloud cover and low cloud amount 

Figurc 5b shows that the rcporting of total cloud covcr stabilizcd about 1950. Earlicr ycars 

had a greater pcrccntagc of rcports of N=2 and N=6. This is probably duc to roundoff in the 

convcrsion of a report of cloud covcr in tenths to the present codc of cloud covcr in cighths: both 

2/10 and 3/10 round to 2/8; and both 7/10 and 8/10 round to 6/8. It is unlikcly that this charac- 

tcristic of thc data would bias our analysis of trends for total cloud covcr. The frcqucncy of N=8 

is lowcr in 1930-1949, thcn stabilizes aftcr 1950. 

Thc frequency of N=9 (sky obscurcd) increases throughout the pcriod 1930-1979. Thc sky 

is often obscurcd due to fog, and sometimes due to rain or snow. The rcporting of both of thcsc 

obscuring conditions has incrcascd with time. Ships in conditions of poor visibility somctimcs 

ncglect weather obscrvations because they are too busy with navigation to take timc for the 

wcathcr report. We might speculate that this incrcasd with time of N=9 mcans that thc tcndcncy 

to skip obsewations during times of poor visibility has decreased with time. Howcvcr, thcrc is an 

cvcn greater increase in the reporting of N=9 in the' absence of fog or prccipitation, which we 
cannot explain. '1- I 

Figure 5c shows the distribution of reports of 1 r-cloud amount Nh. Nh=O appcars to bc 

reported far too often in the 1930s. This may be the result of incorrcct re-coding of thc obscrva- 

lions by data processors, as suggested by'Wright (1986). The frequency of Nh=8, by contrast, 

sccms too low in the early years; it stabilizes about 1955. 

5 )  Low, middle and high cloud types 

Figure 5d shows the distributions of low cloud type. Frequcncics of thc cumulus typcs 

CL=l and CL=2 are about equal after 1955. Prior to 1955, CL=l dominatcs at thc cxpcnsc of 
C L = ~ .  Cumulonimbus typc CL=9 is rather large in the 1930s. Total Cb (the sum of C1,=3 and 

C L = ~ )  stabilizes after 1940. The frequencies , ' '4 of stratus ( C L = ~  and CL=7) appcar stcady aftcr 

1950. 

I 

In the middle-cloud-type distribution (Figure 5e) the frequcncy of CM=2 (nimbostratus or 

thick altostratus) before 1950 is far in excess of valucs for subsequcnt ycars. Thc high-cloud-type 

distribution (Figure 5f) remains ncarly constant after 1954. Since we group all high typcs 

togethcr in this atlas (Table l), changes in this distribution do not affcct our analysis. 

6 )  Summary 

We conclude that the analysis of cloud typcs should bc restricted to thc 30 ycar pcriod 

1952-1981. Low cloud height distributions were still changing in 1952, and wc considcr those 
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changes to be spurious, so we restrict the analysis of cloud heights to 1954-1981. 

The inventory for total cloud cover (Figure 5b) did not turn up compelling rcasons for rcs- 

tricting its analysis to the post-1952 data. It is the only cloud element which wc have analyzed 

back to 1930, and the results are plotted on the microfiche cards. However, for the maps in this 

atlas, no data prior to 1952 were uscd. 

3. METHOD OF ANALYSIS 

a. Data selection and checking 

Some of the observations are internally inconsistent so that i.,ey had to be corrccted if pos- 

sible, or else discarded. Each observation was put through a series of tcsts shown in Figurc 1 of 

the land atlas. The fraction of observations failing each of these tests in 1979 is givcn hcrc in 

Table 3. A large fraction is missing CL or Nh, and that fraction is even larger prior to 1960 (Fig- 

ure 3) due to thc inclusion of HSST data in COADS. The HSST observations must bc cxcludcd 

from the cloud type analysis because, since they are also missing ww, they can be analyzed for 

types only when N=O (no clouds), which would cause an obvious bias. 

There is one test shown in Figure 1 of the land atlas which was not applied to thc occan 

data. Observations with ww=/ were not rejected for the analysis of ocean total cloud (but they 

were rejected as usual for cloud types). This was necessary in order to analyze thc HSST data for 

total cloud, since they all havc ww=/, and is also necessary in order to extend the total cloud 

cover analysis back to 1930, because ww is missing in a large fraction of the reports madc prior 

to 1952. In those observations which have ww=/ and N=9 we are not able to consult ww to dctcr- 

mine the cloud type, so we just convert all thcse reports to N=8 for our analysis of total cloud 

cover. In the years 1952-1979 the fraction of all observations so altered was stcady at thc small 

value of 0.1%. It rose to 0.3% in 1981, the end of our 30-year climatology. [Prior to 1952 thc 

fraction of all reports with N=9, irrespective of ww, was quite small (Figure 5b).] 

The quality-control procedures we have used (Figure 1 of the land atlas) arc intcntionally 

rather minimal, because we are aware that quality control can sometimcs do more harm than 

good, by introducing biases into the analysis. Observations which have erroncous tcmpcratures, 

for example, may still have accurate cloud information. In a pilot study of total cloud covcr using 

the FNOC-CDS we obtained spurious trends of cloud cover increasing with timc bccausc, by 

inappropriate quality-control, we rejected all observations that had been flaggcd as crroncous. 

These trcnds appeared because (1) the fraction of data that were flagged decreascd in time from 

40% in 1954 to 0% in 1976, and (2) the flagged data had greater average cloud covcr than the 

unflagged data. The trends in zonal average ocean cloud cover which were bascd on those ana- 

lyses (Figure 3 of Warren et al., 1981) are therefore suspect. 

Table 3. Number of obscrvations discarded or corrccted 

Symbols arc defined in Tablc 2. Explanation is given in Figure 1 of the land atlas, which also 
gives thc comparable quantitics for land station reports. The ycar 1979 is uscd hcrc as an 
example; thc variation with time of some of thcsc quantities is shown in Figurcs 1 and 3. 

Fault 
Fraction of all 

obscrvations (%). 1979 

N=/ (discard; many of thesc are buoys) 

lLATb90" or ILON1>180" (discard) 

ww=/ (discard for typcs) 

miscoded C,, 5, 
a) C,=O + C,=/ or C,=O + CI,=/ 
b) CM=/ + C,=O 
c) c,,=/ + C,,=O 

C =/ or Nh=/ (discard for typcs unless N=9) 

N=O but ww=R,T (discard for typcs) 

N=9 but ww f R,T,FJ (discard) 

N>O but C,=C,=C,,=O (discard for types) 

N<Nh (discard) 

I. 

8.6 

0.0 

0.7 

1.9 
2.6 
2.3 

11.4 

0.0 

2.6 

0.3 

0.9 
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COADS contains observations which are flagged as erroneous in somc rcspect (e.g. unreal- 
istic winds or temperatures) but they remain in the dataset. We process all the availablc data, 

including those flagged as erroneous in COADS, and apply our own tests which rcjcct only a few 

percent of the data. 

b. Total cloud cover 

The code N was interpreted directly as fractional sky cover in eighths for codc valucs 0-8. 

The case N=9 ("sky obscured") was classified by reference to ww. If thc prcscnt wcathcr indi- 
cated fog, rain, snow, or thunderstorm, or if ww=/ as discussed above, thc obscrvation was 

changed to N=8; otherwise it was not used. 

c. Classification of types 

The 27 cloud types of the synoptic code were grouped into six classes as shown in Table 1. 

This is the same grouping that was used in the land atlas. The detailed procedurc for assigning 

types from a single observation is given in Figures 2-4 of the land atlas. As discusscd in the land 

atlas, we mistakenly excluded ww=77 (pellet-snow) and 79 (sleet) from thc "prccipi tating" 

classification, leading us to undercstimate Ns amount in some parts of thc polar rcgions. We 

estimated the effects of this mistake by reprocessing all the observations for thrcc years (1977- 
1979), allowing ww = 77 and 79 to be precipitation. The 5"x5" boxcs in thc occm whose Ns 

amounts would be affected by more than 1%, based on the 1977-1979 data, arc listcd in Table 4. 

Most boxes are not affected at all. Allowing ww = 77 and 79 to bc precipitation would increase 

the global average Ns amount (for the ocean) by only about 0.03%. 

d. Frequency of occurrence and amount-when-present 

The amount of a cloud type is defined as the fraction of the sky covercd by that type, 

whether visible or not (WMO, 1956). Therefore, as stated by WMO (1956), "whcn clouds occur 
in superposition, the sum of the different cloud amounts may of course excecd the total cloud 

cover." The time-averaged amount of a cloud type can be obtained as the product of fr'rcqucncy- 

of-occurrence (fraction of weather observations in which a cloud of this type is prcscnt, whcthcr 

visible or not) and amount-when-present (the average fraction of the sky covcrcd by this cloud 

type whcn it is present). For example, if cumulus is present in 30% of the weathcr obscrvations 

from a station, and if it covers an average of 40% of thc sky whcn it is prcsent, thcn thc avcrage 

amount of cumulus at that station is 12%. 
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Table 4. 

Estimated changes to Ns maps (%) which would result from allowing ww=77,79 to indicate 
precipitation. (All changes would bc positive.) All boxes are listed whose change is more 
than 1% in any season. These estimates are based on thrce ycars of data (1977-79). Different 
boxcs in these rcgions would possibly appear in the list if different years were tcstcd. Thc 
change in amount of Ns is essentially the same as the change in f(Ns) because awp 
(Ns)=:loO%. No change in amount of As would result, because essentially all observations of 
ww=77,79 had C,=/. Entries in thc table are left blank if the total number of cloud rcports 
was less than 50. 

grid box Change in Ns amount (%) 

latitude longitude DJF MAM JJA SON 

85-90 N 
80-85 N 
80-85 N 
75-80 N 
75-80 N 
75-80 N 
70-75 N 
70-75 N 
70-75 N 
70-75 N 
70-75 N 
65-70 N 
60-65 N 
60-65 N 
60-65 N 
55-60 N 
50-55 N 
50-55 N 
50-55 S 
55-60 S 
60-65 S 
65-70 S 

0-360 E . 
120-160 E 
120-160 W 
140-160 E 
160-180 E 
120- 140 W 
160-180 E 
160-180 W 
140-160 W 
120-140 W 
100-120 w 
130- 140 W 
170-180 W 
90- 100 W 
80-90 W 
170-180 E 
20-30 E 
140-150 E 
70-80 E 
40-50 W . 

110-120 E 
140-150 E 

0 
0 
0 
0 
0 
0 

2 

0 

2 
2 
2 
0 
0' 
2 
2 

Global Average ' 0.05 

0 
0 
1 

0 

0 

4 

1 
0 
0 '  
0 
0 

0.02 

1 
3 
1 
5 
2 
4 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

0.02 

2 
1 
2 
3 
3 
1 
2 
1 
2 
2 
2 
3 
1 
3 
3 
0 
0 
0 

2 

0.04 



The method used here, and described in the land atlas, is designed to obtain thc truc avcrage 
amounts of each type of cloud, not the non-overlapped amounts seen from above or bclow. The 
low cloud amounts are always directly observed, but often for As/Ac and Ci (and occasionally for 

Ns), assumptions must be made about the amounts of upper clouds which are hiddcn from the 

ground-observer’s view by intervening lower clouds. To obtain amount-when-prcscnt (awp) of a 

middle or high cloud the method uses the random-overlap assumption (Telcgadas and London, 

1954) when just two layers of cloud are present, and assumes that awp is thc samc on avcrage for 

observations where it cannot be calculated as for observations where it can. Thc awp of middle 
and high clouds is computed only if Nh 5 6, because the random-overlap equation is inaccurate 

whcn Nh = 7, as explained on pp. 11-12 of the land atlas. 

The situations where the random-overlap assumption was used are listed in Tablc 5. The 
validity of this assumption has been examined by Tian and Curry (1989), using thc cloud levcls 

obtained by the Air Force 3-D Nephanalysis (3DNEPH) over the North Atlantic, which includcs 

aircraft reports of clouds. For vertically-separated cloud layers the random-ovcrlap assumption 

performed better than either maximum-overlap or minimum-overlap. If thc 3DNEPH analysis of 
vertical cloud distributions is accurate and representative, it appears that we could not do better 

than to assume random overlap. For horizontal resolution 45 km the 3DNEPH data implied 

slightly more overlap than random overlap, by 1 %, and at 90 km resolution there was slightly less 

than random overlap (the random overlap assumption causing the calculatcd sum of middle and 

high cloud amounts to be about 5% too high). The ground observer’s ficld of view is probably in 

general intermediate between 45 and 90 km diameter. 

The assumption that awp for upper clouds when it cannot be calculated is the samc as when 

it can be calculated is tested by comparing awp for the various classes of observations in which it 

can be calculated. For example, awp of Ci can be computed when Ci occurs alonc, or togcther 

with a low but no middle cloud, or together with a middle but no low cloud. It cannot bc com- 

puted when Ci occurs together with both low and middle clouds, or whcn the lowcr cloud is over- 

cast so that even the presence or absence of Ci is not known. Table 6a shows, for sclccted oce- 

anic boxes, the average awp of As, Ns, aqd Ci in the various situations. The valucs arc often very 

similar for the different situations. Even where they are not, the error in overall awp caused by 

using their average in the cases where awp cannot be computed is usually rathcr small. The 

potential error is greater for cirrus than for other types. Table 6b shows that half of the 

occurrences of cirrus are either hidden above a lowcr overcast or visiblc but prescnt togcthcr with 

both low and middle clouds. Thus if the true awp for this category of Ci was 10% diffcrcnt from 

the average of the computable cases, then our assumption that it was no differcnt would cause a 

5% error in the average awp for Ci of all categories, and in a typical box with 37% frcqucncy of 

Ci would cause a 2% error in cirrus amount. 



Table 5. 

always used 

Use of the random-overlap assumption. 

frequently used occasionally used never used 
I In computation of 

total cloud cover 

amount of Cu 
Cb 

I The random-overlaD assumDtion is 

X 

X 

X 

St/Sc 
Ns 
As/Ac 
Ci/Cs/Cc 

X 

X 

X 

X 

clear sky 

co-occurrence probabilities 

~ ~~ 

X 

X 



y"* c 

Ns 

1 7  

Ci/Cs/Cc 

Table 6a. 

Test of the hidden-cloud assumption for amount-when-prcsent. Ship observations for MAM 1971 wcrc analyzed 
in twenty 5" x 5" boxes selected because they had large numbcrs of observations and were well distributed gco- 
graphically across the ocean. The average amount-when-present was obtained for each middlc or high cloud typc 
under various situations. Results are listed here if thcre were at least fifteen obscrvations in a category. 

i 

Grid box 

latitude 

75-80 N 
65-70 N 
55-60 N 
55-60 N 
50-55 N 
50-55 N 
50-55 N 
45-50 N 
40-45 N 
40-45 N 
35-40 N 
35-40 N 
30-35 N 
30-35 N 
30-35 N 
30-35 N 
15-20 N 
0-5 N 
0-5 N 

10-15 S 
4vcrage of all reports 
n these boxes 

longitude 

175-180 W 
0-5 E 

15-20 W 
140-145 W 

15-20 W 
50-55 W 
70-75 W 
65-70 W 
70-75 W 

155-160 E 
160-165 E 
135-140 W 
115-120 W 
105-1 10 E 

0-5 E 
85-90 W 
150-155 E 

0-5 E 

35-40 W 

65-70 W 

- 
AsIAc -- 

with low 
but no 
high 

52 
44 
62 
65 
66 
54 
68 
19 
60 
59 
64 
47 
62 
50 
40 
43 
50 
47 
65 

54.2 

alone or with 
high but 
no low 

81 
41 
53 
64 
52 
54 

51 
66 
57 
52 
55 

42 
60 
46 
46 
51 

53.7 

with 
low but 
no high 

98 
97 
96 
97 
99 
100 

99 

96 

97 

97.0 

alone or with 11 with middle 
high but 
no low 

98 
98 
94 
97 
100 
99 
99 
100 
100 
99 
99 
97 
99 
99 
97 
99 
99 
100 

but no 
low 

29 

45 

25 
44 
47 
48 

43 

36 
47 
23 

with low 
but no 
middlc 

21 
34 
33 
41 
42 
30 
48 
27 
34 
41 
36 
25 
45 
43 
39 
42 
32 

33 
38.3 

- 

alone 

68 
20 
38 

54 

28 
43 
37 
42 
48 

50 

38 
43 
43 

__ 
44.4 

- 



Table 6b. 

Distribution of middle and high cloud reports among various categories, for the boxes 
listed in Table 6a, as fractions of the set of observations in which the specified cloud 
type was present, whether observable or not. The percent frequency with which higher 
clouds are inferred to be present behind a lower overcast was taken from global aver- 
age values given in Figure 2 of Hahn et a1 (1982). 

percent of reports with this 

37 
20 

25 

AsIAc situation 
with low but no high 
alone or with high but no low 
three levels reported present 18 
inferred present behind a lower overcast 

Ns 
with low but no high 
alone or with high but no low 
three levels reported present 
inferred present behind a lower overcast 

ci/cs/cc 
with low but no middle 
with middle but no low 
alone 
three levels reported present 
inferred present behind a lower overcast 

37 
58 
5 
0" 

24 
8 
17 
16 
35 

*The presence or absence of Ns can always be ascertained by checking the present- 
weather code; Ns never has to be inferred statistically. 



The frequency of occurrence ( f )  of cirrus is assumed to be the same when it cannot be seen 

as when it can be seen, but for As/Ac an adjustment is applied, based on Figurc 6, which show 

that f(As) increases as low cloud amount in individual observations increases from 0/8 to 7/8. 

This probably happens because small values of Nh are usually associated with Cu and large 

values with St, and the probability of As given St is larger than that given Cu 
[i.e.P(St+As) > P(Cu+As)] (Warren et al., 1985). Figure la  of Hahn et al. (1982) shows that 

P(St+As) is nearly independent of St amount, at about 50%, the same as the asymptote in Figure 

6 here. The case of CM=/, when the presence or absence of As cannot be determined, occurs with 

low overcast (Nh=8), which is likely to be St rather than Cu. For As, therefore, f is assumed to be 

the same when it cannot be seen as when it can be seen with low cloud amount in the range 3/8 - 

7/8, not 0/8 - 7/8 [In the land atlas this was incorrectly stated as 6/8 instead of 7/81. No such 

adjustment was applied for Ci because the bias to be avoided is smaller in the casc of Ci (Figure 

6); however, f(Ci) was computed only from observations for which Nh 5 6, to reduce the partial- 

undercast bias. Further details and discussion of the method are given in the land atlas. The frac- 

tion of reports that contain information about the middle and high cloud levels over the oceans is 
given in Maps 8-9 of Hahn et al. (1982). It is on average 75% and 65%, respectively. 

e. Base heights 

The base height of the lowest cloud is sometimes measured, but in most of the reports it is 

estimated subjectively. To compute the average base height, we assign to each rcport the mid- 
point of the range in meters corresponding to the code value (WMO, 1974). Meaningful averages 

can only be formed for cloud types whose bases are always reported as less than the upper limit 

of the code, 2500 m. These types are Cu, St, and Cb. Because the reporting of hcight codes did 

not stabilize until about 1954 (Figure 5a), the maps of base height use only data for 1954-1981. 

f. Calculation of average cloud amounts 

The true mean cloud cover, or frequency of occurrence or awp of a cloud type, may differ 

from the mean of a finite number of reports, which is what we compute. Inadcquatc sampling can 

lead to both random errors and biases. We first describe a pre-averaging procedure which is 

designed to reduce (but not eliminate) a number of possible biases. Then we examinc thc random 

error in order to specify a minimum number of reports required to form representativc avcrages. 

1) "Compressed" observations 

Unlike the situation on land, the clouds in a 5"x5" grid box in the ocean are not rcported 

regularly. At 1290 GMT on a particular day there may be several ships in the grid box making 

weather observations but at 12:OO GMT on the next day only one ship, and on the third day no 

ships. In this example our policy is to say that the 5"x5" grid box was sampled only twice for the 
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12:OO synoptic hour. All observations made during a single thrcc-hour period (centered on the 

GMT hours divisible by 3) on a particular date in a particular 5"x5" grid box are averaged 

togcthcr to form a "compressed obscrvation" (not to be confused with "compressed marinc 

rcports" mcntioned in Section 2). Subsequcnt analysis of avcragc cloud amounts is based on 

compressed observations. The justification for this policy is our expectation that the cloud cover 

(and type) usually changes from day to day more than it changes geographically within a 5"x5" 

box at a particular instant. [However, we have not performed a quantitative test of this cxpecta- 

tion.] In the example above, the first and second days count equally in our analysis, even though 

the second day was sampled by only one ship. 

The use of compressed observations reduces the fair-weather bias (the tendency for more 

ships to enter a 5"x5" box on days of fair weather), the foul-weather bias (the tendency of ships to 

oversample stormy or foggy weather because they are traveling more slowly), the day-night bias 

(somewhat more reports are transmitted by ships during the day than at night), and the trend bias 

(a box may be sampled more in later years than in earlier years). Furthermore, the presence of 

duplicate observations in thc dataset (some duplicates still remain in COADS) docs not damage 

our analysis if they are preavcraged by us to form a compresscd observation. 

The procedure to create a compressed observation is straightforward for total cloud cover, 

and for cloud types was done as follows. If different ships in the box reported diffcrcnt cloud 

types, each of those types was given a fractional count in the sums being accumulated to obtain 

frequency of occurrence of the types. Amount-when-present for a cloud type was also averaged 

to form a compressed observation if there were more than one ship (in the 5x5" box in the 3-hour 

period) reporting that particular type of cloud. The analysis of base height, howcver, used indivi- 

dual observations not compressed observations. 

The space-time grid for creation of comprcsscd obscrvations is always 5"x5" and 3 hours. 

A 1O0x20" box, therefore, could acquirc as many as 8 compressed observations during a single 

three-hour period. The number of compressed observations used in the analysis for cach year is 

shown in Figure 7. 

2) Minimum number of reports required to compute an average 

A series of tests was performed to estimate the cxpccted error in average total cloud cover 

as a function of the number of observations used to compute the average. Most of these tests 

wcre done on observations from ocean weatherships, because they sampled essential1 y every 

synoptic hour in their entire period of record. Periods of record from one month to 26 years were 

used (Table 7). The average of all the observations in the period of record was assumcd to bc the 

true average cloud cover for that period. Averages formed from subsets of varying size drawn 

randomly and repeatedly from the complete set differ from the "true" average, giving an estimate 

of the expected sampling error. The cxperiment was done as described in section 3fl of the land 

19 

800 
h 

v) 
c3 

3 3 700 
I 
t- 
a 
W > 
W 

v) z 

Y 

Q 600 

a 
a 
500 

g 
2 40C 
W 
v) 

8 
8 30C 

a 

v) 
v) 
W 

8 20c 
0 
LI 
0 
6 IOC 

5 
m 

z 
C 

I 0 I I 1 I I 

P 
SOUTHERN 
HEMISPHERE 

I I I I I 

1930 I940 1950 1960 1970 ' 1980 
YEAR 

. I  

Figurc 7. Number of Compressed Observations per year, by hemisphere. Data prior to and 
including 1979 came from COADS; data for 1980-83 (dashed lines) came from 
FNOC telecommunications receipts. 
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Table 7, continued. Table 7. 

Data used for estimating expected error in cloud cover 
as a function of number of observations 

Wcathership 
name and 
location 

N 
30"N 140"W 

Number 
of cloud 
reports 

Period of 
record used ~~ 

Standard 
deviation of 
individual 
observations 
of %-cloud-cover 

RMS error 
in averagc 
%-cloud-covcr 
if only 100 
reports uscd 

2.0 

Wcathership 
name and 
location 

Number 
of cloud 
reports 

Average 
cloud 

cover (%) 

~~ 

730" 
1 6000" 
2000" 
2000" 
2000" 
2000" 
2000" 
2000" 
2000" 
2000" 
253 
245 
253 
6538 
6302 
6559 

Period of 
record used 

70 
74 
72 
73 
68 
70 
72 
78 
77 
73 
67 
74 
70 
74 
74 
72 

32 
29 
29 
28 
33 
33 
33 
28 
27 
28 
35 
30 
31 
29 
29 
30 

MAM 1966 
MAM 1947-1972 
MAM 1947-1972,O GMT 
MAM 1947-1972,3 GMT 
MAM 1947-1972,6 GMT 
MAM 1947-1972,9 GMT 
MAM 1947-1972,12 GMT 
MAM 1947-1972,15 GMT 
MAM 1947-1972,18 GMT 
MAM 1947-1972,21 GMT 
March 1966 
April 1966 
May 1966 
March 1947- 1972" 

May 1947-1972' 
April 1947- 1972" 

3.1 
3.0 
2.8 
3.3 
3.0 
3.6 
3.3 
2.9 
2.5 
2.9 
3.1 
2.3 
2.8 
2.9 
2.6 
3.2 

P 
50"N 145"W 

MAM 1966 730" 86 21 

32 JJAb 1966 T 
29"N 135"E 

730" 65 3.3 

2.5 

2.8 

MAM 1966 V 
34"N 164"E 

730" 79 27 

All ships, 
including 
transients, 
30°-45"N, 
1 5 0"- 1 80"E 

MAM 1971 6386 
compressed 
observations 

78 26 

MAM 1966 
MAM 1949-1970 
MAM 1949- 1970,O GMT 
MAM 1949-1970,3 GMT 
MAM 1949-1970,6 GMT 
MAM 1949- 1970,9 GMT 
MAM 1949-1970, 12 GMT 
MAM 1949-1970, 15 GMT 
MAM 1949-1970, 18 GMT 
MAM 1949- 1970,2 1 GMT 
March 1966 
April 1966 
May 1966 
March 1949-197oC 

May 1949- 1970" 
April 1949-1970' 

78 
79 
78 
78 
80 
79 
79 
79 
80 
78 
82 
76 
77 
78 
80 
79 

22 
25 
27 
27 
23 
24 
24 
25 
23 
26 
20 
23 
23 
26 
24 
25 

"Approximate number of reports 730" 
16000" 
2000" 
2000" 
2000" 
2000" 
2000" 
2000" 
2000" 
2000" 
249 
243 
252 

5269 
507 1 
5329 

2.2 
2.3 
2.6 
2.6 
2.4 
2.5 
2.4 
2.4 
2.0 
3.1 
1.6 
1.9 
1.9 
2.5 
2.2 
2.7 

bWcathcrship T operated primarily during the summer typhoon season, so JJA was used instead of MAM. 

'These data are used in Figure 8. M 
66"N 02"E 

i 



atlas. The March- April-May season was used for convenience. 

The results were similar for all five weatherships tested. Two ships (M and N) were 

selected for more exhaustive studies than the other three, and expected errors obtained from data 

of these two ships are plotted (log-log) in Figure 8. Also plotled for comparison are lines with 

slope = -0.5 exactly (not a least-squares fit). As was the case for the land data, the points fit 

approximately to these lines, which means that the error is proportional to a n  (whcrc n is the 

number of observations), as would be expected for independent samples. The expected error is 

smaller for ship M than for ship N. This is because the cloud cover is less variable in the 

Norwegian Sea than in the eastern Pacific (standard deviation of observations typically 25% and 
30%, respectively, as shown in Table 7). This difference is consistent with the fact that the aver- 

age cloud cover is greater at ship M than at ship N. As the average cloud cover approaches 
loo%, the standard deviation of observations must approach zero. There is a good corrclation, 
apparent in Table 7, between the root-mean-square (RMS) error and the standard deviation of 

observations. 

The expected error is smaller for the ocean areas than for land areas, because of thc smaller 

day-to-day variability in cloud cover over ocean. To reduce the expected error in mean cloud 
cover below 3%, only 100 observations are needed, as opposed to 200 over land (Figurc 5 of the 

land atlas). [Note that whenever values for standard deviation, or changes, or differences, or 
expected error, or variability, of'the quantities cloud frequency or amount are givcn in this atlas, 
the units are always percent of sky covered or percent frequency of occurrence, not pcrccnt of the 

mean. For example, if the average cloud cover fraction is 0.5 and its expected crror is 0.03, we 

report these values as 50% and 3% respectively.] 

Table 7 shows that the expected error with 100 observations is not much affccted by the 

length of the averaging period. It is about the same whether the observations uscd for thc test are 

pooled from one month, or one season, or many years of one month, or many years of one season. 

It is also insignificantly smaller if the observations are all taken from just onc of the eight synop- 

tic hours. This is because the systematic month-to-month, year-to-year and day-to-night variation 

in average cloud cover is much smaller than the random variations in instantaneous cloud cover, 
as explained in the land atlas. 

These tests on weatherships do not include the sampling error caused by geographical varia- 
tion of average cloud cover within the 5"x5" or 1O0x20" boxes used for the climatology. We 

therefore also tested one large oceanic box (15"x30"; in the central North Pacific). Table 7 shows 

that random sampling of these data leads to only slightly greater RMS error than for the weathcr- 

ship V which is contained within that box. 
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ership N in the eastern North Pacific (see Table 7). Root-mean-square (RMS) 
errors were similar for the three months, so only the average of the three values 
is plotted hcre. Also plotted for comparison are lines with slope = -0.5 exactly 
(not a least-squares fit). 



The expected error as a function of the number of compressed observations would bc some- 

what smaller than shown in Figure 8, in boxes which usually have more than one ship reporting 

simultaneously, because the tests for the figure were done on individual observations. However, 

in such well-sampled boxes the sampling error is small anyway; reference to this figure is needed 

not for those boxes but rather for the poorly sampled boxes where the number of obscrvations is a 

few hundred or less, and in such boxes the number of compressed observations is nearly the same 
as the number of individual observations. 

On the basis of this analysis we require a minimum of 100 compressed observations to form 

a multi-year seasonal average cloud cover or an average frequency-of-occurrence for a cloud type 

in a 5"x5" or 10°x200 box. Boxes which are blank on the maps failed to satisfy this criterion or 

other criteria described below. Unlike the situation on land, the accuracy of our average oceanic 

cloud amounts is often limited by the number of observations. Maps 2-5 and 109 show the 

number of compressed observations in each box; they can be used together with Figure 8 to esti- 
mate the random sampling error. The true error will be larger than this because there arc also bias 

errors, and because the data set contains mislocated observations; both are discussed bclow. The 
bias errors will be the dominant sources of error in many of the northern-hemisphere boxes where 

the number of observations greatly exceeds 100. 

The minimum number of observations needed to obtain an average value of amount-when- 

present was usually set lower than 100, as described in the land atlas. A value of awp was used to 
compute amount (as f x awp) only if awp was computable in at least 0.6 x 100 x f obscrvations; 
otherwise amount was left blank. For maps of awp itself, we required that awp was computable 

in at least 30 or 0.6 x 100 x f reports, whichever was larger. The discussion and justification of 
this is on page 15 of the land atlas. 

3) Order of steps in the averaging procedure 

There are several ways in which the multi-year average cloud cover or frequency of 
occurrence of a cloud type can be obtained for a season: 

(a) All observations averaged together, weighted equally; 

(b) All observations from a single year averaged together irrespective of time of day, thcn the 

yearly means averaged together; 

(c) All observations for a particular synoptic hour averaged together, irrcspcctivc of year, then the 

eight means averaged together. 

This list is, of course, not exhaustive. The averages formed in different ways may diffcr bccause 

of sampling biases. 

Method (c), applied to individual observations, was used for the land atlas. For thc ocean 

analysis we used instead method (a), applied to compressed observations. Over the occan we do 
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not have severe geographical biases because of the homogeneous topography. Method (b) would 

eliminate the trend bias, and method (c) would eliminate the day-night sampling bias, if there 

were sufficient numbers of observations to form averages of cloud amount for each synoptic hour 

or for each year-season, or (ideally) for each synoptic hour of each year-season. However, there 
are many 5 x 5" boxes in the ocean where only 100 observations were reported in the entire 30 

years (of one season), so for these areas method (a) is the only option. The day-night sampling 

bias, which was severe at some land locations, is not as important in the ocean areas because 

almost as many observations are made at night as during the day and because of our preaveraging 

to form compressed observations. In regions of heavy ship traffic where other averaging methods 

are feasible, we find that the average cloud cover computed according to methods (a), (b), or (c) 
differ from each other generally by less than 1 % for individual boxes, and the diffcrences are ran- 

domly distributed so that regional or global averages are essentially unaffected. 

4) Special considerations 

The frequencies of reported cirrus and As/Ac over the ocean exhibit a diurnal cycle which 

we think is partly spurious, due to the frequent inability of observers to detect thcse clouds when 

they are present at night. This also may cause a spurious signal in the diurnal cycle computcd for 

the frequency of clear sky, with maximum near midnight. This is a problem which has long been 

recognized. It was documented by comparing the average cloud cover reported at night from 

ships at the time of full moon with that for the time of new moon (Figure 107 of Sverdrup, 1933; 
RieN, 1947). 

We find that the reported frequency of occurrence of cirrus is 37% during daytime and 20% 

at night (global ocean average), and of As/Ac is 47% in daytime and 34% at night; whik awp for 

these types exhibits a much smaller (and oppositely directed) diurnal cycle. This pattern is illus- 

trated in Figure 9 for one grid-box. The abrupt rise and fall at sunrise and sunset (in contrast to 

smoother variation of Cu and St), and the longer span of high frequency of occurrcnce in summer 

corresponding to the greater number of daylight hours, suggest an observer bias (the "night- 

detection bias") rather than a true diurnal cycle. The night-detection bias appcars to bc more 

severe over ocean than over land, probably because of the more frequent occurrcncc of low 

clouds over the ocean, which make night-time detection of the higher clouds morc difficult than 

over land. 

Therefore, for the maps of Ci, As, and clear-sky, only the observations made bctwccn 0600 

and 1800 local time were used. This is indicated on the map headings as "6-18 LT". [Poleward 

of 75" latitude for 5" x 5" boxes, and poleward of 70" for 10" x 20" boxes, all obscrvations were 

used.] Frequencies of Ci and of As reported in this atlas therefore diffcr from those givcn by 

Hahn et al. (1982) because that earlier atlas included night-time observations. 
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No diurnal cycles of Ci, As, and clear-sky are included in the maps bccausc of the night- 

detection bias. [The values are, however, available on tape (Section 9).] The diurnal cycle of 

total cloud cover is mapped but it is surely contaminated to some extent by spurious diurnal 

cycles of As and Ci. Day-only values of total cloud cover are also available on the tape but are 

not included in this atlas. They are larger than the average of all synoptic hours, by 1.4% on glo- 

bal average. 

The diurnal variation is not always well represented by a single harmonic, as illustrated in 

Figure 9 for St/Sc in DJF. The average values for each of the eight synoptic hours, as well as the 

variance accounted for by the first harmonic, are available on tape (Sec. 9), and these can be con- 

sulted if more detail is desired about the diurnal cycle. The diurnal cycle is reported on maps for 

cloud-type amounts, but not for f and awp. Their diurnal cycles are available on tape. 

The diurnal cycle of total cloud cover was computed using data from 1954 to 1983. It was 
completed before we decided to use the 1952-81 period instead for our climatological analyses. 

This should not affect the results because (a) the changes in the synoptic code beginning 1982 

should not affect the diurnal analysis of total cloud cover, and (b) the difference in number of 

observations between day and night (which becomes significant after 1980) cannot bias the com- 
putation of harmonic analyses, 

h. Zonal and global averages 

The ocean box values in a zone were averaged, weighted by the fraction of ocean area in 

each box, to give the zonal average for the ocean part of the zone. The zonal average is listed off 

the right-hand side of each map if the quantity to be averaged was available for at least one-third 

of the ocean boxes in that zone. These zonal averages were then averaged, weighted by the ocean 

area in each zone, to obtain the global average printed at the bottom of each map. On maps with 

large zonal variations in the mapped quantity, missing zones can cause the computed global aver- 

ages to be inaccurate (e.g. Map 144c for Ns in JJA). 

The zonal and global averages printed on maps of awp are averages for boxes, not weighted 

by f for each box, so the zonal and global averages of amount may not exactly equal the product 

of zonal and global averages off and awp. 

Zonal and global averages were not computed for the phases of the annual and diurnal 

cycles. 
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g. Diurnal cycle 

In many regions the frequencies and amounts of the cloud types undergo systematic varia- 
tions over the course of the day. These variations can also cause a diurnal cycle in total cloud 
cover. The diurnal cycle is sampled at most eight times per day in our analysis because of our 
use of compressed observations and because most synoptic reports are made only at GMT hours 
divisible by 3. 

Here we examine only one aspect of the diurnal variations: the amplitude and phase of the 
first Fourier component (24-hour period) of the mean diurnal cycle. Multi-year seasonal mean 

values of cloud amount are formed for each of the eight synoptic hours. A cosine curve is fitted 

to these eight values if all are available (Le. if there were at least 100 compressed observations at 

each synoptic hour so that an average could be formed at each hour); othcrwise the curve is fitted 

to the four values for 0, 6, 12, 18 GMT if those four were all available. Diurnal cycles wcrc com- 
puted only for the 10" x 20" boxes because the number of observations was insuflicicnt in many 
of the 5" x 5" boxes. 

1 The amplitude and phase (local mean-solar-time of maximum) of the cosine curvc are 
mapped. The phase we report is the maximum of the cosine curve, not necessarily the peak of the 

daily cycle. The amplitude we report is the amplitude of the cosine curve, which may be more or 

less than half the range of the eight values. As explained in the land atlas, it is also possible for 

the amplitude to be larger than the mean reported on the maps. 

As an example, Figure 9 shows, for two seasons in a 10" x 20" box in thc North Atlantic, 

the diurnal cycles of total cloud cover and of the four cloud types contributing most to the total 

cloud cover. This box was well sampled by transient ships and did not contain any weatherships. 
The number of compressed observations was about 15,000 at each of the 6-hourly synoptic times 

(0,6, 12, 18 GMT) and about 1800 at the 3-hourly times (3,9, 15 ,21  GMT). 

For Ci and As the frequency and awp are shown as well as the amount in Figure 9, illustrat- 

ing the apparent night-detection" bias in frequency of occurrence. In this example, the awp 
reported at the 3-hourly times is larger than that at the 6-hourly times, indicating that the 

observers on ships reporting 8 times per day estimate larger cloud amounts than thosc on ships 
reporting only 4 times per day. This causes a zigzag pattern which is especially apparent in awp 

of As for DJF. We 'are not certain of the explanation for this diffe'rence in cloud amount esti- 

mates, but it could partly be due to a foul-weather bias to be discussed in Section 4. 

Cumulus shows the normal pattern of a maximum in early afternoon, and summer stratus 

shows its typical pattern of a maximum in early morning. 
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Figure 9. Examples of diurnal cycles. All are for a grid box in the North Atlantic at 30- 
4OoN, 20-40°W, for December - January - February (DJF) and Junc - July - 
August (JJA). Diurnal cycle of total cloud cover is at the top left, followed by 
the four types with largest diurnal cycles. A cosine curve is fitted to the eight 
data points, except for Ci and As/Ac. "Local time" is mean solar time for the 
center of the box. 



i. Interannual variations and trends 

Values of total cloud cover and cloud-type amounts were computed, at 10" x 20" rcsolution 

only, for individual seasons of individual years which had at least 100 compressed observations. 

The number of years between 1952 and 1981 which satisfied this criterion is given on Map 11 1. 

It is at most 30. A least-squares straight line was fit to the values if at least 15 years were 

represented, spanning at least 25 years. The difference between the values of this line at 1981 

and 1952 is the "trend" mapped in this atlas. (To obtain the change per year, the mapped valucs 

should be divided by 29.) The standard deviation of the individual yearly values about the trend 
line is the (detrended) "interannual variation" (IAV) on the maps. The trcnd is displayed on the 

maps only if it is greater than its uncertainty, or if the uncertainty is less than 2%. 

The IAV as computed here may be larger than the true IAV in boxes with small numbers of 

observations, due to the possible error in the seasonal means caused by inadequate sampling (Fig- 

ure 8). 

We computed the trend of the zonal average by computing a zonal average for each year 

and fitting a trend-line to those values. [The same was done for the global trend.] This is usually 

a more accurate estimate than would be obtained from a zonal average of the trends for individual 

boxes. Since this procedure differs from the way zonal averages were formed on other maps, wc 

indicate this in the trend maps by the label "zonal trend" (trend of the zonal average) instead of 

"zonal average" (zonal average of the trend). This distinction would be unnecessary if all boxes 

in the zone were represented in each year. A minimum of 100 obscrvations was required to form 

an average for an individual box in a single year-season. If a box was missing in a particular 

year, the multi-year cloud amount for that box was used as a bogus value when computing the 
zonal average cloud amount for that year. This procedure was done because difkrcnt boxcs are 

missing in different years, which would lead to excessive computed interannual variation and 

some spurious trends if they were just left out of the computation. Our procedure biases thc zonal 

cloud amounts for individual seasons toward the long-term mean when boxes are missing in some 
years, so this procedure will probably result in computed interannual variations and trcnds which 

are somewhat smaller than the true values. 

j .  Time series plots 

The individual seasonal means of cloud amounts (from which trends and interannual varia- 

tions were computed) are plotted on graphs of cloud amount versus year, on the microfiche 

attachment. For each cloud type, and for clear sky, fog, and total cloud cover, a plot is drawn for 

each season (DJF, MAM, JJA, or SON) for each 10" x 20" box. Plotting by scason is donc so as 



to remove the annual cycle from the plots such that interannual variations arc clearly displayed. 

A point is plotted for a particular year-season if the box contained at least 100 compressed obser- 
vations in that season in that year. [The later years generally have more observations than the 

earlier years.] 

Time series are also plotted for zonal, hemispheric and global averages. They werc com- 

puted as described in thc previous section (3i). 

The time series for the cloud types, and for clear-sky and fog, covcr the years 1952-1981, 
the same years used for the maps. For total cloud cover, however, the time serics covcr the 52- 
year period 1930-1981, because in our inventory of the data (Sec. 2b) we found no compclling 
reason to exclude the earlier years from the analysis of total cloud cover. 

The first 36 microfiche cards contain 251 plots each. Each card contains all thc plots for a 

single cloud type for a single season. The 25 1 plots are for the 230 boxes, plus 18 zoncs, plus thc 

two hemispheres and the globe. The 37th card contains plots of annual average cloud amount, 

for zonal, hemispheric, and global averages only, not for boxes. An annual avcragc valuc for a 
particular year was plotted only if all four seasons were rcpresented for that year. 

These plots should be useful for the study of climatic anomalies known to havc occurrcd in 
particular regions and years (e.g. El NinO). 

k. Post-1981 analyses 

The maps in this atlas (except for the analyses of diurnal cycle) rcsultcd from analyses of 

data from 1952 to 1981. We will have to change our procedure of rejecting obscrvations with 

Nh =/  and CL = / in our future analysis of the post-1981 data, because under the new rules insti- 
tuted in 1982 the observer is permitted to omit the ww code if ww = 00, 01, 02, or 03, and is pcr- 

mitted to omit the codes for Nh , h , CL , CM , and CH if N = 0 (no clouds). Thus since CL = / no 
longcr (after 1981) necessarily means an observer who never reports cloud types, anothcr tcst will 

have to be devised to eliminate this class of observations. A "present-weathcr indicator," i,, has 

been introduced into the code to make this distinction, but it was not archived in the data source 

we were using. It will be available in future work. 

It was mentioned in Scc. 3a that observations of N = 9 together with ww = / werc convcrtcd 
to N = 8 for the analysis of total cloud cover, and that only about 0.1% of the observations were 

affected. However, in 1982 and 1983 a substantial fraction of all reports, 2.4% and 2.9% respec- 

tively, havc N=9 and ww=/. This change is probably related to the change in coding procedure 

instituted in January 1982. It seems unlikely that these are all cases of fog or precipitation, since 

thc frequency of N=9 with ww coded explicitly as fog or precipitation is no less in 1982-3 than in 

earlier years. Our analysis of the 1982-3 data, which is not includcd in this atlas but is on thc 
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archive tape, therefore gives total cloud cover values which are on average 1% too large because 

we converted observations of (N=9, ww=/) to N=8. The 1982-1983 data will be rcanalyzed in the 

future. 

4. BIASES 

There are many biases which can affect analyses of cloud amounts from surface weather 

observations (several of which have already been mentioned), and we have probably not 
identified all of them. Some biases apply to both land and Ocean areas but others are specific Lo 
ships or to land stations. The night-detection bias was discussed in Section 3f4; because of its 

seventy we use only daytime observations ro establish the climatology of As/Ac and cirrus. 

a. Day-night sampling bias 

As explained in Section 2, the number of night-time observations in our dataset nearly 
equals the number of daytime observations through 1979, but in 1980-81 there are relatively 

fewer night-time observations. Map 110 shows that over the entire period of record, an average 

of 52.0% of the compressed observations over the global ocean were made during daytimc. Since 
the daytime average reported cloud cover exceeds the night-time average by 4%, the day-night 

sampling bias causes our reported cloud cover values to be too large by only 0.1%, on average. 
However, since the fraction of daytime observations increased from 52% in 1952-1979 to 59.4% 

in 1980-81 because of our shift to a different data source, spurious trends can result. The com- 

puted cloud cover for 1980 and 1981 is, on average, 0.3% higher than it would be if the fraction 

of daytime observations had not changed. This correction should be considercd when interpret- 
ing the values of total cloud cover for 1980 and 1981 shown in the microfiche attachment. 

b. Geographical sampling biases 

Ships do not sample all parts of a 5" x 5" box (or 10" x 20" box) equally; thcre are favored 

shipping routes which may cause part of a box to be over-sampled. The resulting bias in cloud 

amounts may be less severe than the corresponding bias over land because the ocean surface has 

uniform topography. This bias would be most significant in the coastal regions, where steep gra- 

dients in cloud amount occur. Some ships slop making observations whcn they comc within 

sight of port; other ships continue to make observations while docked. We did not exclude from 

our analysis the observations by ships in port, and we do not know what fraction of the observa- 

tions for coastal boxes are of this type. 



c. Fair-weather bias and foul-weathcr bias, and observer bias 

There are sampling biases that apply specifically to ships, because ships, unlike land sta- 

tions, do not normally report from the same fixed position. Ships may slow down because of 

high waves or poor visibility in storms or fog, thus over-sampling these weather types, causing a 

"foul-weather bias." There are also ships which do not report regularly but instead record only a 

few observations pcr season, as is evident in the lists of number of reports received from each 

ship given in each issue of the Mariners Weather Log. These rare observations may not be 

representative of the climate; they may tend to be reports of extreme severe weathcr events. 

(However, such ships contribute only a small fraction of the total number of observations.) Furth- 
ermore, the US ships are requested by NOAA to record Observations routinely every six hours, 
but also to record observations at the intermediate 3-hourly times if winds exceed 34 knots or 

visibility is below one-half mile. These practices would all cause a bias toward increased total 

cloud cover and, particularly, increased nimbostratus. The statistics of the 3-hourly obscrvations 

do differ sometimes from those of the 6-hourly observations, as Figure 9 shows. 

On the other hand, ships may alter their route or delay their departure from port to avoid a 
forecast storm. If a ship is caught in a storm or in fog the observers may neglect to make weathcr 
observations because they are too busy with navigational tasks. These practices causc a "fair- 

weather bias" which countcracts the foul-weather bias. We have evaluated the nct result of these 

biases, as describcd below, and find that thc fair-weather bias prevails but is still quite small. 
Analyses of the earlier years of COADS (beginning 1854) may be subject to a larger fair-weather 

bias because sailing ships travel more slowly when the winds are light, the usual condition with 

fair weathcr (Wright, 1986). 

The fair-weathcr (or foul-weather) bias is evaluated by comparing observations from the 

nearly-stationary weatherships (which, when on-station, sample the weather near their assigncd 

point every three hours throughout thc year and therefore have no fair-weather bias) to those of 

transient ships passing near the weatherships. Studies of this sort have been carricd out by 

Bunker (1976) and Quayle (1980). The weatherships whose data we analyzed, and the few 

weatherships still remaining in operation, are all in the mid-latitudes of the northern hemisphere 

(Diaz et al., 1987). 

We have used the data source described by Quayle (1980), which includes the reports from 
transient ships passing near a weathership (within 1' of latitude and longitude). Quayle's study 

used five weatherships, and he supplied us the selected data for the surrounding transicnt ships. 

The results are summarized in Table 8. When individual observations are averaged, the average 

total cloud cover reported by the transients is 2.0% lcss than that reported by the weathership. 

Use of compressed obscrvations slightly reduces the average bias to 1.8%. There is considerable 
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period of 
record 

1949-71 
1949-71 
1949-71 
1954-73 
1955-71 

I 

number 
of years 

23 
23 
23 
20 
17 

Table 8. Fair-weather bias and observer bias 

a. Weatherships used 

WeathershiD location 

C 52 45'N, 35 O 30'W 
D 44 N,  41 O W 
E 35 N,  48 W 
N 30 N, 140 W 
V 34ON, 164"E 

number of 
observations from 
nearby transient ships 

36,000 
8,000 

26,000 
45,000 
58,000 

b. Bias in total cloud cover 

Bias in total cloud cover, transient-minus- 
weathership (average of five weatherships) 

-2.0% total bias without pre-averaging (individual observations) 

total bias after pre-averaging (compressed observations) -1.8% 

observer bias (simultaneous observations) -1.4% 

fair-weather bias (residual) -0.4% 

c. Cloud types contributing to the observer bias. Bias in total cloud cover (transient- 
minus-weathership) when weathership reports the specified cloud type. Other types (at 
other levels) may be present simultaneously. Units are percent-cloud-cover. Values are 
listed only if the difference is at least 0.3%. 

Weathership 

- ~ 

c, =1 +0.6 +0.4 +0.8 +0.7 
2 +0.3 
5 -0.8 -1.3 -0.5 -0.8 -0.6 
6 -0.3 
8 -0.4 -1.8 -0.8 
9 

c, =2 -0.4 -0.3 -0.4 
3 -0.5 -0.3 
7 -0.4 -0.3 -0.9 -0.3 -0.5 

c, =2 -0.4 -0.4 
In 

6 -0.4 
7 -0.4 -0.3 -0.9 -0.4 -0.6 
F1 -0.4 
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variation with scason and among weatherships in these values, perhaps because of thc limited 

number of transient ships, so only the average of all five locations is shown in Table 8. 

It turns out, however, that only a small part of this bias is a fair-wcather bias. Wcathcrships 

differ from transients not only because they are fixed in location but also because thcir weather 

I 

observers are better trained. To separate these two contributions, we created a subset of the 

weathership observations by selecting only those that were made at the same time that a transient 

ship was nearby. There remained a differcnce of 1.4% in the average cloud cover, which must be 

due to the difference in training ("Observer bias"), leaving only 0.4% diffcrencc in cloud covcr 

due to fair-weather bias. 

The observer bias is significant only for a few particular cloud typcs. The obscrvations 

made simultaneously by thc weathership and a transient ship were classified according to the 
cloud typcs reported by the weathership. Thc total cloud cover was compared (transicnt-minus- 

weathership) for each of these groups of observations. The difference was large and consistent 

for just four of the cloud typcs, as shown in Tablc 8: CL =I ,  CL = 5 ,  CM = 7, and CII = 7. [Thc 
contributions of the individual types to the total bias are actually obtained only qualitatively in 

this way, because in many of these observations more than one cloud laycr was prcscnt.] The 

transicnt ship tends to overestimate the amount of CL = 1 (cumulus of small vcrtical extent) whcn 
it is present. This is to be expccted for untrained observers viewing scattered small clouds, based 

on the psychological study of Young (1967). The transient ship correspondingly undercstimatcs 

the amount-when-present of CL = 5 (stratocumulus not formed by sprcading-out of cumulus), 
perhaps by exaggerating the area of breaks in a broken cloud layer. 

b) 

When CH = 7 (cirrostratus covering the whole sky), the transicnt sometimcs docs not notice 

it and reports clear sky. The total (fair-weather plus observer) bias, which avcragcd -1.8%, is 
much larger during the night (-3.1%) than during the day (-0.6%), suggesting that much of thc 

observer-bias is just the night-detection bias for cirrus, which is more severe for untrained 

observers. However, the data do not-support this idea. The. transients' undercstimatc of thc 

amount of Cll = 7 is no greater at night than during day ,h  this small sample (not shown). 

We have no explanation for the bias-shown in Table 8 in,the presence of CM =7 (altocu- 

mulus, or altocumulus together with.altostratus or nimbostratus). + 

The fair-weather bias and observer bias are thus different for different cloud types, so it 
would not be appropriate to apply a uniform correction to total cloud cover in all arcas of the 

ocean. We also do not know whether these biases have changed with time, because thc dataset of 

nearby ships contained insufficient observations to do this study for each year individually. We 

did not apply any corrections to our computed average cloud amounts to correct for obscrvcr bias 

or fair-wcathcr bias. 



d. Sky-obscured bias 

Observations of sky obscured (N = 9) due to rain, snow, or fog have CL = /, but they arc not 

excluded from our analysis. It is important to include these observations to obtain accurate esti- 

mates of nimbostratus and fog amounts. However, about 11% of the ships which routinely report 

ww never report CL (Table 3), so their observations enter our analysis for cloud types only when 

N = 9, which causes our computed amounts of fog and nimbostratus to be slightly too large in 
some regions. The bias is normally small: for example, it can cause us to report 1 1  % fog whcn 

the correct value is 10% in a region which has the global average reporting frequcncy of CL. 

However, in one isolated region, the Great Lakes of North America, about three-quartcrs of the 
ships reporting ww do not report CL, resulting in excessive computed amounts of fog. We there- 

fore do not report cloud-type amounts for the Great Lakes; those arcas are rcprescntcd only on thc 

maps of total cloud cover. 

e. Earth-cover versus sky-cover 

The sky-cover is what the ground observer reports. It is the fraction of the celestial hemi- 

sphere covered by clouds as viewed from a point on the surface. Except whcn the sky-cover is 
0% or loo%, it is generally greater than the earth-cover, which is the fraction of earth covcrcd by 
clouds when the clouds are projected vertically. The difference depends on the ratio of vcrtical to 

horizontal dimcnsion of the cloud. This topic was discussed in the land atlas. A relationship 

between earth-covcr E and sky-cover S, obtained from all-sky photographs by Malick et al 

(1979), was misprinted on page 18 of the land atlas; the correct equation is E = (1 + 3s) S/4. 

However, Henderson-Sellers and McGuffie (1989) have recently done a more extcnsive study, 

using all-sky cameras from a number of locations, and concluded that, on avcragc, earth-cover 

and sky-cover do not differ from each other as much as that relationship indicates. 

Satellite cloud climatologies ofien attempt to report earth-cover, but satellites also usually 

have a somewhat oblique view of the clouds so they do not obtain the earth-cover dircctly. The 
difference bctween earth-cover and sky-cover should not really be considered a bias, sincc in this 

work our goal is to obtain accurate values of sky-cover, not earth-covcr. For diffcrcnt applica- 

tions one or the other may be more appropriate. 



f. Summary 

Since the discussion of biases has been scattered throughout this atlas and the earlier 
atlases, it may be useful to list all the biases here together, with refcrences to where they arc dis- 

cussed. There probably still remain other biases in the data, which we have not identified. 

1) Biases due to the ground observer's viewpoint, affecting both land and ocean analyses. 

Night-detection bias (Section 3f4). To avoid this apparently severc bias, we do not include 

night-time observations in the computation of Ci and As amounts, and clear-sky frcqucncy. 

Partial-undercast bias (page 12 of the land atlas). This causes f to bc underestimated and 

awp to be overestimated, for As/Ac and Ci. The analysis procedure was dcsigned to rcducc 

this bias (page 12 of the land atlas). However, these opposing biases on f and awp compen- 
sate each other so that there should bc no bias in the avcragc amount computcd for these 

types. 

Earth-cover versus sky-covcr (page 18 of the land atlas; Section 4e of this atlas). This is not 

a bias for applications in which sky-cover is the desired quantity. It is called the "projection 

bias" whcn earth-cover is desircd, and may be partly responsible for the smaller average 

cloud cover generally obtained from satellite observations in comparison with ground-based 
obscrvations. 

2) Biases inherent in the synoptic code, affecting both land and ocean analyses 

(a) CL-flowchart bias (page 18 of the land atlas). The synoptic code rcquircs Cb to be reported 

as the low cloud type if any Cb is prescnt, even if other low clouds covcr more of the sky. 

This causcs our reportcd Cb amounts to be somewhat excessive, and corrcspondingly 

causcs the amounts of St and Cu to be slightly underestimated. 

(b) N- endpoint bias (page 18 of the land atlas). In a nearly clcar sky, any small amount of 
clouds, even if less than 0.5 eighths, is to be reported as N=l; and in a near-ovcrcast sky if 

any gaps, howevcr small, are present, the cloud cover is to be reported as N=7. This is 

expected to have little effect on our analyses. 

3) Biases due to inadequate temporal sampling, affecting both land and ocean analyses 

(a) Day-night sampling bias (Section 4a). The averaging procedurc in thc land atlas was 

dcsigned to climinatc this bias (page 14 of the land atlas), but it was impractical to apply 

that procedure to ocean data. This bias is insignificant for 1952-79 occan analyscs, but 

causes our computed oceanic total cloud covcr to be on average 0.3% too large in 1980 and 



1981. 

Trend bias (Section 3f2 of the land atlas). The average cloud amounts computed may be 

more representative of the later years in the period of record, if those years had more obser- 

vations. 

(b) 

4) Biases due to inadequate temporal sampling, affecting ocean analyses only. 

(a) Fair-weather and foul-weather biases (Section 4c). These biases probably vary with loca- 

tion, but on average may together cause our computed total cloud cover to be 0.4% too low 
(Table 8). 

Interannual variability is probably overestimated in some regions (Section 7k). 

Zonal trends are probably underestimated somewhat because the multi-year box average 

was used in missing years (Section 3i). 

(b) 

(c) 

5) Bias due to inadequate geographical sampling, affecting both land and ocean analyses 
(Section 4b) 

In the ocean this bias may cause the cloud amounts computed along coastlines not to be 

representative of the entire area of the b o x .  

6) Errors specific to observations from ships 

(a) Observer bias (Section 4c). This bias varies with cloud type. On average it may cause our 

computed total cloud cover to be 1.4% too low (Table 8). 

Mislocated observations can bias the cloud statistics in regions of very light ship traffic 

toward the climatology for regions of heavy ship traffic (Section 5). 
(b) 

7) Biases and errors specific to our analysis procedure 

(a) Sky-obscured bias (Section 4d; affects ocean only). This may cause our computed Ns and 

fog amounts to be slightly too?large in some regions. It is severe only in the Great Lakes; 
because of this bias we do not report any cloud-type amounts there. 

The use of our analysis procedures on post-I981 data, without taking account of the 

changes in coding procedure, causes our computed total cloud cover to be on avcrage 1% 

too large for 1982 and 1983 (Section 3k; affects ocean only). This will be corrected in 

future work. 

Nimbostratus is slightly underestimated in the polar regions because of a mistake in our 

grouping of the present-weather codes 77 and 79 (Table 4; affects both land and ocean). 

(b) 

(c) 



5. ERRONEOUS REPORTS FROM SHIPS 

In contrast to land stations, individual ships which tend to transmit erroneous cloud re orts 

are not evident in our analysis, because every grid box in the ocean is sampled by many ships. 

But for the same reason, such ships are not able to do much damage to the cloud climatology in 
any of the boxes. 

A serious problem which does affect our analysis everywhere is that latitude or longitude is 

often recorded incorrectly or transmitted incorrectly over the radio. As many as 6-8% of the 
real-time observations may be affected, according to some estimates (Woodruff et al., 1987), and 

a smaller fraction of the logbook observations. Many of these reports are mislocated by exactly 

one degree of latitude or longitude (Lander and Momssey, 1987; Steurer, 1987); such small 
mislocations would do little damage to our climatology. However, one reason for mislocations is 

the specification of the wrong quadrant or octant of the globe, which can cause a gross misloca- 

tion. The only way to eliminate or correct mislocated data is to sort the entire dataset by ship 
identification code and to plot the tracks of each ship. This we did not do. The ship identification 
code is not always available, particularly in the early years, and also is often not definitive. 

An estimate of the fraction of mislocated observations can be made by counting the number 
of ship reports which appear at land locations (Maps 2-5); this indicates that only 1% are mislo- 

cated, but it is an underestimate because ship observations from land locations unfortunately had 

been deleted from some of the datasets which entered the COADS compilation. Another estimate 
may be obtained by considering that if incorrect latitudes and longitudes were randomly distri- 

buted, we would expect greater numbers of reports per box at the poles where a "5" x 5"" box 

contains 360" of longitude. There does seem to be some tendency for this. However, if that is 
true then the fraction of mislocated reports cannot be larger than 1%, even if the observations at 

85"-90"N in DJF are all mislocated. [Since this is an ocean area, the erroneous data would not 
have been deleted from,the datasets.] As another indication, the sparsely-sampled region west of 

southern South America has typically 50 observations per multi-year season in a 5" x 5" box; if 
all of these are mislocations, and if latitude and longitude are distributed randomly in mislocated 

observations, then again only 1% of the observations can be mislocated. [The mislocations due 

to misreporting of the quadrant of the globe would not be randomly distributed; they should be 

most common near the equator and near the 0" and 180" longitude lines, occurring just after the 

ship has crossed into a new quadrant.] 

Mislocated data add noise to the computation of average cloud amounts. They do the most 
damage in regions that are rarely sampled by ships, where they can become a substantial fraction 

of the total number of observations, biasing the climatology there toward the values of regions 



with heavy ship traffic (northern midlatitudes). We are not able to quantify these biases, because 

we do not know that the mislocated data are randomly distributed geographically. However, such 

biases are generally not apparent on the maps in this atlas, with the exception of the 85"-90"N 

box, which should indeed suffer the most from such biases. Its cumulus frequency seems exces- 
sive (5% in MAM) by comparison to its neighbors (1%). although its total cloud cover and stratus 

amount are reasonable. 

There are a few boxes whose climatologies do differ appreciably from those of their neigh- 
bors. This may be due to a single ship reporting from a harbor and thus biasing its climatology to 

land (or island) values. This is apparently not the explanation for the large awp(Ci) at 10-15"N, 

165-170"E on Map 93 which disagrees with the island station reports for that box. Another 

example is the large value of f(Cb) in MAM (Map 41) at 65-7OoS, 160-170°E, which is remote 

from any land. That value is based on observations which were all from early March, as the sea- 
ice edge was approaching the ship's location. Although all the observations are from the early 

1950s, they are not dominated by any one year so should not represent a single anomalous year. 

Furthermore, in the preceding season (DJF), when sufficient observations are available for the 
neighboring boxes also to appear on our maps, those neighboring boxes agree in showing Cb 

amounts considerably greater than in the rest of the latitude zone. 

6. FORMAT OF THE MAPS 

As stated earlier, the resolution of the "5" x 5"" maps is 5" latitude by 5" longitude, between 

50"N and 50"s. At higher latitudes the size of the boxes is increased in longitude to maintain 

approximately equal area in each box. The resolution is 5" x 10" for 50"-70" latitude, 5" x 20" 

for 70"-80" latitude, 5" x 40" for 80°-85", and 5" x 360" for 85"-90". For convenience, the term 

"5" x 5" box" refers to any of these. The resolution of the "10" x 20"" maps is 10" latitude by 20" 
longitude for 5O0N-50"S, 10" x 40" for 50"-70" latitude, 10" x 60" for 70"-80" latitude, and 10" x 

360" for 80"-90". Although many of the boxes contain some land area, the values plotted apply 

only to the ocean portion of the box. The ocean area of each box was determined from the topo- 
graphic data tape of the US Navy (which is gridded to 10 minutes of latitude and longitude; avail- 

able at NCAR) but corrected by us so that large Antarctic ice shelves are counted as land rather 

than ocean. Any box which contains at least 0.1 % ocean is included on the maps. The fraction of 
each box, and of each zone, which is ocean is given in Map 1 at 5" x 5" resolution and in Map 

108 at 10" x 20" resolution. Observations from ships in the Great Lakes are included in the 

total-cloud analysis, and observations from the Caspian Sea are included in all analyses; cloud 

amounts displayed on the maps for these regions are based on ship observations not land stations. 

However, they are given an ocean fraction of zero, so they do not contribute to zonal and global 



averages. 

For most of the mapped quantities there are four maps: one for each of the four seasons. 

Blanks occur on the maps where there were insufficient observations to obtain reliable average 

values by the criteria described earlier. 

All the 5" x 5" maps are grouped together (Maps 1-107), followed by the 10" x 20" maps 

(Maps 108-168). The maps of seasonal average total cloud cover, and frequency, amount-when- 

present and amount of the cloud types are mapped at both 5" x 5" and 10" x 20" resolution. The 

10" x 20" maps give more complete geographical coverage. The value displayed for a 10" x 20" 
box will not necessarily equal the average of the eight values ' from the eight 5" x 5" boxes 

comprising the 10" x 20" box, because the 10" x 20" value is just the average of all compressed 

observations in the 10" x 20" box. 

Computation of the zonal and global averages printed on the sides and bottoms of the maps 

was discussed in Sections 3h and 3i. Note that for quantities that are mapped at both 5" x 5" and 

10" x 20°, the global average of the 10" x 20" map is also printed at the bottom of the correspond- 
ing 5" x 5" map (instead of the global average of the 5" x 5" map) because the world ocean is 

more fully represented on the 10" x 20" maps. 

Cloud base heights, diurnal cycles, interannual variations and trends are given only on 10" x 

20" maps. Except for the diurnal cycles, the 10" x 20" maps are grouped so that the four seasons 
of a particular quantity are all on one page. 

Blank outline maps of both sizes are included at the end of the atlas. 

a. Distribution of Reports (Maps 2-5, 109- 11 1) 

Maps 2-5 and 109 show the number of compressed observations (in hundreds). This is the 

number of 3-hour periods which had some information about clouds, present or absent. The max- 

imum possible number is (30 seasons) x (91 days per season) x (8 synoptic hours per day) or 
about 218 hundred in a 5" x 5" box, or 8 times this (1750 hundred) in a 10" x 20" box. The max- 
imum possible number is approached in some 5" x 5" boxes in the North Atlantic where weather- 

ships were stationed for much of the 30-year period. These maps can be used together with Fig- 

ure 8 to estimate the expected error due to random sampling. On average, there are two indivi- 

dual observations per compressed observation. (In 1979 there were 2.5 on average in the North- 

ern Hemisphere; 1.4 in the Southern Hemisphere.) 

The observations from the Arctic Ocean in winter are probably mostly from ice-island sta- 

tions, which report as ships. 
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Maps 110 and 11 1 do not correspond to maps of the land atlas. Since all compressed obser- 

vations were averaged here without regard to time of day, the relevant concern is whethcr a diur- 

nal sampling bias exists. Therefore we present the percent of observations made during daytime 

(Map 110) rather than the number of synoptic hours with a specified minimum number of obser- 

vations as in the land atlas. The number of years (out of 30) contributing to the analysis of 

interannual variation and trends is also included (Map 111) for reference in order to judge the 

significance of trends. Trends were not calculated for land, because the period of record was only 
11 years. 

b. Total cloud cover 

1) Average cloud cover by season (Maps 6-9,112) 

Values are shown as percent sky cover. The method for computing the average was dis- 
cussed in Section 3f. Blanks appear on these maps where there were less than 100 compressed 
observations available (west of southern South America at 5" x 5" resolution in all seasons, and in 

the Antarctic Ocean in JJA). 

2 )  Standard deviation of compressed observations (Maps 10-13,113) 

All compressed observations in the season were pooled irrespective of year or time of day 

or location within the box. This variation thus includes interannual, geographical (within the 

box), and diurnal variation of'the mean cloud cover, as well as hour-to-hour or day-to-day varia- 

tion of instanraneous cloud cover. However, this last variation is much larger than the first three 

(Section 3f2). These values should not be confused with the uncertainty in mean cloud cover, 

which is usually less than 1% due to sampling error alone as shown in Figurc 8. The mapped 
values are in units of percent cloud cove;, not percent of the mean; e.g. an average of 60% and a 

standard deviation of 30% means 0.6ofo.30. The standard deviation of compressed observations 

rather than individual observations was computed, since it was compressed observations that 

were used to compute the mean. The standard deviation of individual observations is larger (by 

3% on average), except in regions with few Observations where it is the same. 

Since the distribution of cloud-cover fractions is rarely gaussian (see Figure Sb), a large 

standard deviation mcans a U-shaped distribution and a small standard deviation usually means a 

J-shaped (or reverse - J) distribution. 

3) Average cloud cover by month (Maps 14-25) 

Only the average values are given for the twelve months; not the standard deviation (sd) of 
individual observations nor the number of observations. A minimum of 100 observations was 

required to compute an average. The sd is very similar to that for the corresponding season, and 



the number of observations is about one-third the value given on Maps 2-5. 

The twelve monthly values of average total cloud cover are fitted to a cosine curve with 

period one year: its amplitude and phase are displayed in Maps 26 and 27. The phase is the 

month of maximum, given by number (1 = mid-January, etc.). It is plotted only if the amplitude 

is larger than 2% sky cover. 

4) Diurnal cycle (Maps I14,I 15) 

For boxes which had at least 100 observations in four or eight equally-spaced synoptic 
hours, a cosine curve of period 24 hours was fitted to the cloud cover values as described in Sec- 

tion 3g. The amplitude and phase of this first harmonic function are displayed together on the 

same page. The phase is the hour (local time) of maximum; it is displayed only if the variance 
accounted for by the first harmonic is at least 30%, and if the amplitude is either larger than 2% 

cloud cover or larger than 10% of the mean. 

5 )  Interannual variation and trend (Maps I 16, I 17) 

The computation for these maps was fully discussed in section 3i. 

c.  Cloud t w e s  (Mam 28-107. 118-168) 

Most of these maps are grouped by cloud type. The same quantities are mapped for each of 

the six types, and for clear sky and fog, with some omissions as indicated in the Table of Con- 

tents and explained below. 

1) Frequency ofoccurrence 

The frequency of occurrence (0 is the number of times that a particular cloud type was 
reported present, divided by the number of reports in which the level of that type was observable, 

subject to the modifications discussed inSection 3d. The maps o f f  in this atlas should be more 
accurate than those in Hahn et al. (1982) but are usually very similar. They are differcnt for the 
following six reasons, the first four of which apply also to the land analysis: 

Only daylight observations are used here for the maps of Ci, As, and clear-sky (Section 

3f4). 

The partial-undercast bias has been reduced by restricting the analysis of high clouds to 

reports in which the amount of obscuring lower clouds was at most 6/8 (Section 3d). 

The definition of Ns was slightly modified (Section 3c of the land atlas). 

Reports of (thin) fog together with clear sky are now counted as' clear sky (Section 3c of the 

land atlas). 



e) 

f) 

2) Amount-when-present 

Thirty years, instead of twelve, are used for the present atlas. 

Compressed observations, instead of individual Observations, are used for the prcscnt atlas. 

Amount-when-present (awp) is the average sky cover of a cloud type, when that cloud type 

is present. It is the total amount, not the non-overlapped amount as seen from below. The method 

of computing awp was described in Section 3dl of the land atlas. 

3) Average cloud amount 

Average cloud amount is the overall average percent of the sky covered by a cloud type, 

including times when it was not present. It is the product of frequency of occurrencc and average 
amount-when-present. There are more blank boxes on these maps than on the maps of total cloud 

cover because we do not use night-time observations for As and Ci, and because in some cases 
there were not enough observations in which awp of middle or high clouds was computable even 

if there were sufficient observations to obtain f, and because there are slightly morc observations 

of N than of Nh. 

If the total amount of clouds in each of the three layers is desired, a very good estimate can 

be made by adding the amounts given in this atlas for Cu, St and Cb to obtain thc low cloud 

amount (including fog), and by adding the Ns and As amounts to obtain thc middle cloud 

amount. The values of low and middle cloud amount thus obtained are not shown on maps, but 
they are included on thc tape. The high cloud amount will be somewhat greater than the amount 

of Ci in areas where the tops of Cb extend to the high level; there the high cloud amount is some- 

what less than the sum of Ci and Cb amounts (sec discussion of Cb below). 

4) Average base height 

The average base height of the cloud type (when present) is given in tens of mctcrs. It is 

only computcd for the three types whose bases are always less than 2500 meters above the sur- 

face: Cu, Cb, and St. Fog is includcd in the maps of St amount but is excluded from maps of St 

base height, so that these heights apply only to above-ground St/Sc. Base heights arc displayed 

on the maps if at least 100 observations of base height were reportcd for that cloud type. Thc 
standard deviation of the individual observations of base height is not givcn herc; it is includcd in 

the archive on tapc. 

5 )  Diurnal cycle; interannual variation 

These quantities have already been discussed for the total cloud cover. Thcir meanings arc 

the same when applied to cloud types. These variations are shown only for cloud type amount, 

but the diurnal and intcrannual variations off  and awp are available on tape. The diurnal cycle is 

not mapped for As, Ci, and clear-sky because of the night-detection bias, but the computcd values 

are also available on the tape. 

n 
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The interannual variations and diurnal amplitudes of the cloud type amounts are often 1% 

or less, even if they are a significant fraction of the mean. For this reason, both the interannual 
variation and the diurnal amplitude are given to tenths of a percent. Note that although the 

decimal point is omitted from the individual 5" x 5" grid values on the map (and in the zonal 

average) in order to conserve space, it is included in the value of the global average. The zonal 

and global trends are given to tenths of a percent, but individual box values are given only to the 

nearest percent because their uncertainty is often that large. 

6) Most-frequently occurring cloud type 

For each box (for each season) the type with largest f is indicated on Map 167. 

7 )  Cloud type contributing most to total cloud cover 

The type with largest amount is indicated on Map 168. This cloud type may differ from the 

most frequent type in a particular region if the awp of a slightly less frequent typc is larger than 

that of the more frequent type. 

7. RESULTS 

Global average values off,  awp, amount, and base height of the cloud typcs are summarized 

in Table 9a, along with their geographical variability (standard deviation of individual box 

values). This table may be compared with the corresponding Table 7 of the land atlas. Whereas 

four cloud types (Cu, St, As, and Ci) are each observed more than 30% of the time on global 
ocean average, only two types (St and As) dominate in cloud amount, 

The amounts of the six types add to about 30% more than the obscrved total cloud cover 

because clouds frequently overlap each other. The amount of middle and high clouds actually 

seen by the ground observers can be obtained from Table 9a or 9b as the total cloud covcr minus 

the sum of the low cloud amounts (Cu + Cb + St), which is 13.3% on global avcrage. The 

amount of middle and high clouds which is inferred to be present, although hidden from view, is 

the sum of the six cloud-type amounts minus the total cloud cover, or 27.8% on global average. 

Thus on average about one-third of the upper cloud amounts we report were actually seen from 

the ground and two-thirds were inferred to be present behind lower clouds. 

Interannual variation of the global average and hemispheric avcrage cloud type amounts is 

given in Tables 9b and 9c for each season, as well as for the annual mean. A limited dcscription 

of the total cloud cover and cloud type distributions follows. 
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a. Total cloud cover 

The global annual average total cloud cover for the ocean areas is 64.8%, whereas for the 

land it is 52.4%. The ocean (excluding ice shelves) covers 69.7% of the earth's area, so the 

whole-earth global average is 61.0%. The largest values of cloud cover, over 90%, are in the 
Antarctic Ocean at about 65"s during most of the year and in the North Pacific at about 50"N dur- 

ing JJA. In these locations stratus clouds associated with cold surface waters are dominant. The 

smallest values are in the nearly landlocked seas: 10% or less in JJA in the Red Sea, Persian Gulf, 

and eastern Mediterranean. Secondary minima in total cloud cover (40-50%) are found in the 

subtropics, particularly in the Southern Hemisphere, associated with subsiding air east of the anti- 

cyclone circulation centers. The largest variations between summer and winter (Map 26) are in 
the regions of the Indian monsoon, the north-Australian monsoon, and west of Central America. 

The standard deviation (sd) of compressed observations (Maps 10-13) is smallest where the 

average cloud cover is close to 0% or loo%, as it must be. For example, the sd at the North Pole 
dgcreases from 42% in DJF to 29% in JJA as the cloud cover increases from 47% to 82%. 

b. Cumulus 

In general, the average amount of cumulus decreases poleward. The largest amounts (about 

20%) are found in the regions of the trade winds in each hemisphere. At polar latitudes the 

cumulus amounts are about 3-6%. In most areas the amplitude of the diurnal variation of 

cumulus amount is about 15% of the mean, with maximum occurring in the afternoon. 

c. Cumulonimbus 

Cumulonimbus amounts are largest (10-14%) in the region of the intertropical convergence 

zone (ITCZ) as can clearly be seen in Maps 48-5 1. There is a second Cb maximum in the South- 

ern Pacific Convergence Zone (SPCZ Vincent, 1982), particularly during the southern- 

hemisphere summer (DJF) and autumn (MAM). In both the equatorial Pacific and Atlantic Oce- 

ans, the Cb amount tends to decrease from west to east with decreasing sea surface temperatures. 

The largest amounts of Cb are reported in the Norwegian Sea during DJF and are associated with 
snow showers in polar air over warm water. The amplitude of diurnal variation of Cb is about 

10% of its amount, and the maximum usually occurs at or shortly after local noon, about 5 hours 

earlier than on land. However, in some regions there is an early morning maximum which prob- 

ably results from night-time infrared cooling from the cloud tops and consequcnt continued ther- 

mal destabilization of the cloud layer. 
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2d-B 

The Cb amount given on our maps is somewhat larger than the true amount, as discussed in 

the land atlas, principally because the instructions for coding CL require Cb to be reported as the 

cloud type even if other low clouds cover more area, but our analysis procedure assigns all of Nh 

to the single type given by CL. 

d. Stratus + stratocumulus + fog 

Outside the equatorial region, stratus + stratocumulus + fog (St) has the greatest average 

amount of any cloud type. The fog included here is only the case of sky-obscured due to fog, 

which is also mapped by itself. The largest amounts of St are at 40"- 60"N in the Pacific in JJA 

(over 80%). Large amounts are also reported in the Antarctic Ocean, especially the Weddell Sea, 

in DJF. These are associated with stable air over the cold water surface. The smallest amounts of 
St are in areas of nearly cloudless skies (e.g. Persian Gulf and eastern Mediterranean Sea) and at 

equatorial and subtropical latitudes where there are local Cu maxima. The diurnal maximum usu- 

ally occurs in early morning before sunrise when the stability of the boundary layer is maximum. 

e. Base heights 

Base heights for the three lower cloud types are about 590 meters for Cu, 520 meters for St 

(excluding fog) and 480 meters for Cb. On average these base heights are about 400 meters 

lower over ocean than over land. There is a tendency for the base heights of all three types to 

increase slightly with latitude. 

f. Nimbostratus 

Except in a small region in the eastern Pacific, nimbostratus is hardly ever reported at equa- 

torial and subtropical latitudes (2O0N-30"S). In many regions there was less than l% frequency 

of occurrence during the 30-year period covered by this atlas. Ns amount is generally at least 

10% in all seasons in each hemisphere poleward of latitude 40", and over 20% in some regions 
poleward of 60". 

g. Altostratus + altocumulus 

Altostratus + altocumulus amounts vary from less than 10% near the equator in the central 

Pacific to about 40% at subpolar latitudes during summer. The amounts are greatest (about 50%) 

in the Indonesian region, which has large amounts of clouds at all levels. This maximum shifts 

northwestward-southeastward with oscillations of the Southeast Asian monsoon circulation. 

There is a secondary As maximum along the ITCZ and SPCZ. As/Ac is rare (less than 10%) just 



Table 9b. Global average" seasonal cloud type amounts and their 
interannual variationsb, for ocean areas (1952-198 1). 

Units are percent cloud amount. 

amount 
DJF IAV 

trendd 

amount 
MAM IAV 

trendd 

amount 

trendd 

amount 

trendd 

JJA IAV 

SON IAV 

average amount 
of four IAV 
seasons trendd 

total 
cu Cb St Ns As Ci cloud 

cover" 

12.0 5.4 33.5 6.6 23.4 12.7 64.8 
0.4 0.4 0.9 0.2 0.6 0.3 0.4 

-0.5 1.8 0.5 0.6 0.4 0.5 1 .o 

12.0 5.7 33.0 6.4 21.9 13.0 64.2 
0.3 0.3 0.7 0.1 0.4 0.3 0.4 

-0.6 1.7 0.7 0.4 0.7 0.3 1.1 , 

11.6" 6.1" 34.4a 5.3" 21.8" 12.2" 64.6" 
0.3 0.3 0.7 0.1 0.5 0.3 0.4 

-0.3 1.7 0.2 0.1 1.1 0.6 0.9 

11.7 5.6 35.2 6.2 22.4 12.6 65.5 
0.3 0.3 0.7 0.1 0.5 0.3 0.4 
0.3 1.9 -0.3 0.3 0.8 0.7 0.7 

11.8 5.7 34.0 6.1 22.4 12.6 64.8 
0.3 0.3 0.7 0.1 0.4 0.3 0.3 

-0.4 1.8 0.3 0.4 0.8 0.5 0.9 

aThese values are the same as the global averages that appear at the bottom of the 10" x 20" maps. 
They were obtained (as described in the text) as an area-weighted average of the 10"-zones for 
which zonal averages could be computed. Missing zones can cause the global average to be inac- 
curate. In particular, because the Antarctic ocean is insufficiently sampled by ships in JJA, the 
global and southern hemisphere (SH) average amounts for JJA listed here are probably too high 
for Cu and Cb, and too low for the other types and for total cloud cover. 
bInterannual variation (IAV) is the standard deviation (detrended) of seasonal means of global 
average cloud amount. If a box was missing in a particular year the multi-year mean value for 
that box was used when computing the global avcrage for that year. 
'The sum of the six cloud-type amounts is greater than the total cloud cover becausc of overlap. 
dValues of global average cloud amount for each individual year-season were uscd as data points 
to fit a straight line. The change along the line from 1952 to 1981 is the "trcnd." To obtain the 
change per year, these values should be divided by 29. 



Table 9a. Annual average global cloud type quantities for ocean arcas (1952-1981)" 

tYPe 
I cloud I frequency (%) I amount-when-present (%) 

average ' geog. sd average 

St 
Ns 
As 
Ci 
clear 
sky 

I Cu 1 33 I 18 I 38 

45 19 73 
6 5 92 

46 11 48 
37 13 34 

3 6 
sky ob- 
scured 
due to 
fog 

2 3 

total 
cloud 
cover 

geog. sd 

6 

- 

9 
10 
5 
1 1  
6 

average 

11.8 

base hcight (m) amount (%) 

5.7 
34.0 
6.1 

22.4 
12.6 

64.8 

j, 
I I 

6 
I I 

I -  I - I  

*Valucs were computed for each season; listed here are the avcrages of all four seasons. Gco- 
graphical standard deviation (geog. sd) is the standard deviation of individual 5 O x . 5 "  box values. 

n 
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Ns As 
NH SH NH SH 

6.2 6.9 20.8 25.3 
0.3 0.3 0.8 0.6 
1.0 0.2 2.0 -0.7 

Table 9c. Hemispheric averagea seasonal cloud type amounts and their 
interannual variationsb, for ocean areas (1952-1981) 

Units are percent cloud amount. 
(NH = Northern Hemisphere; SH = Southern Hemisphere; footnotes are below Table 9b) 

total 
cloud 

Ci cover' 
NH SH NH SH 

11.8 13.4 61.0 67.6 
0.5 0.2 0.5 0.6 
0.4 0.5 1.5 0.7 

Cb 
NH SH 

5.9 5.1 
0.4 0.5 
1.7 1.9 

5.3 5.9 
0.3 0.4 
1.8 1.7 

5.9 6.3a 
0.4 0.3 
2.4 1.2 

c u  
NH SH 

St 

NH SH 

29.2 36.7 
1.0 1 .o 
1.0 0.1 

29.4 35.7 
0.9 0.6 
1.0 0.5 

33.7 35.0a 
0.9 0.8 
0.9 -0.4 

12.4 11.7 
0.4 0.3 
-0.1 -0.8 

DJF 

MAM 

J JA 

SON 

average 
of four 
seasons 

12.3 11.8 
0.4 0.3 
-0.2 -0.8 

amount 
IAV 
trendd 

amount 
IAV 
trendd 

amount 
IAV 
trendd 

amount 
IAV 
trend d 

amount 
IAV 
trendd 

11.9 11.4a 
0.3 0.4 
-0.6 -0.1 

~ ~~ 

5.1 7.3 
0.2 0.1 
0.7 0.2 

13.0 10.8 
0.4 0.3 
-0.2 -0.3 

21.4 22.3 14.2 12.2 61.2 66.4 
0.6 0.4 0.6 0.1 0.7 0.3 
2.3 -0.4 0.3 0.3 1.4 0.9 

12.4 11.4 
0.3 0.3 
-0.3 -0.5 

5.0 5.6a 
0.2 0.2 
0.1 0.1 

I 

25.6 18.7a 15.5 9.4a 65.8 63.6a 
0.8 0.3 0.6 0.2 0.6 0.4 
3.0 -0.3 0.8 0.4 1.2 0.7 

5.6 6.7 
0.4 0.1 
0.7 -0.1 -0.3 -0.4 

0.7 
0.0 

22.9 22.0 13.5 11.9 62.5 61.7 
0.9 0.4 0.5 0.2 0.5 0.4 
2.3 -0.3 1.0 0.5 1.0 0.4 

5.5 6.6 
0.2 0.1 
0.6 0.1 

22.7 22.1 13.8 11.7 62.6 66.3 
0.6 0.3 0.5 0.2 0.4 0.3 
2.4 -0.4 0.6 0.4 1.3 0.7 
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south of the equator in the east-central Pacific, and in a smaller region in the Atlantic just south of 

the equator, where there are also minima in total cloud cover. 

h. Cirrus + cirrostratus + cirrocumulus 

Cirrus + cirrostratus + cirrocumulus have their largest amounts in equatorial (ITCZ) and 
subpolar regions. Ci in the former region is associated with the spread of anvil tops of Cb clouds; 

in the latter, they are part of the advanced cloud system moving poleward on the western side of 

the oceanic anticyclonic circulations. 

Cirrus is the only cloud type whose global average amount is less over ocean (13%) than 

over land (23%). Where comparisons can be made, this difference seems not to be related to a 
difference in low cloud amount. For example, in Indonesia the amount of low clouds is the same 

over ocean as over land, but the cirrus amount is 10-20% less over ocean than over land. In any 

case, the largest cirrus amounts in the world ocean are found in the Indonesian region where large 

amounts of low and middle clouds are also present. Cirrus is relatively rare in the eastern Pacific, 
with a minimum about 40" of longitude to the east of the minimum in As/Ac. 

The greater reported amount of cirrus over land than over ocean may be due to a difference 
between land and ocean in the threshold optical thickness of cirrus necessary for ground 

observers to detect it. Because of the prevalence of haze in the marine boundary layer, only rela- 

tively thick cirrus (e.g. originating from cumulonimbus anvils) may normally be observable from 

ships, whereas thinner cirrus may be included in our average amounts of cirrus over land. The 
minimum optical thickness necessary for ground observers to detect cirrus in different cir- 

cumstances (land vs. ocean, day vs. night, dependence on solar elevation angle) is a subject for 

further research. 

i. Skv obscured due to fog: 

The maps show not all fog but only the cases of "sky obscured" due to fog, which is respon- 

sible for only about one-third of the total number of reports of fog.. Fog at a distance, and thin fog 

through which the sky can be seen, are not included here. Sky-obscured due to fog is reported 

frequently in the ocean around West Antarctica in DJF (10-20%) and in the western North Pacific 
in JJA (20-40%). The fog in these regions is associated with thermally stable boundary-layer air 

over cold ocean waters during summer. 



j. Clear sky 

Completely clear sky is rarely reported in the open ocean. Far from the continents, the most 

common frequency of occurrence of clear sky is 1%. The global average for the oceans is only 

3%, in contrast to 18% for land. Clear sky is of course most frequent in the regions of minimum 

cloud cover: the Arabian Sea and the Pacific coast of Central America in DJF, and the eastern 
Mediterranean and Red Sea in JJA. 

k. Interannual variations 

The (detrended) interannual variation (IAV) in seasonal total cloud cover for 10" x 20" 
boxes is computed to be 4% on average. Map 116 shows that the IAV is less in the ocean centers 

than near the coasts. However, in regions of few observations, the mapped values of IAV are 

larger than the true values, because the seasonal means are in error due to inadequate sampling 
(Figure 8). Thus the values of 2-3% shown for the well-sampled North Pacific and North Atlantic 

may be more representative of the true average for boxes of this size. The same applies to the 
IAV presented for all the individual cloud types. 

1. Trends 

Total cloud cover reported by ships has apparently increased by about 0.7% from 1952 to 

1981. A small part of this increase is artificial, due to the change in our source of data after 1979, 

as explained above in Section 4b. The increase in total cloud cover is concentrated at low lati- 

tudes. Prior to 1952 the situation is more complicated. The data showed a general increase in 

cloud cover from 1930 to 1952, but there was a very steep rise during 1940-45, followed by 

extremely low values in 1946-50. This is true for both hemispheres. We cannot at present 

explain this behavior. It may be related to the fact that 1940-48 were the years with the smallest 

numbers of observations (Figure 7) and therefore the poorest geographical coverage. 

The only cloud type that has decreased globally (in the thirty years 1952-81) is cumulus. 

The decline in Cu could be related to the increase in Cb. However, the decline in Cu occurs 

mostly in the first four years of our data, 1952-55, when St/Sc amount also increased rapidly (see 

microfiche plots), suggesting that perhaps some of the clouds which were formerly called CL = 1 

(cumulus of small vertical extent) are now called C L = 4  (stratocumulus formed by the 

spreading-out of cumulus). 



m. Zonal averages 

The thirty-year zonal averages of total cloud cover and cloud type amounts for the ocean are 

given in Figures 10 and 11. St is by far the most abundant cloud type over the ocean, and also 
exhibits the greatest variation with latitude. The seasonal movement of the ITCZ, and the associ- 

ated Hadley cells, causes the slight shifts of maximum cloud cover near the equator and 
minimum in the subtropics of both hemispheres which are apparent in both figures. If we define 

the ITCZ as the latitude of the near-equatorial peak in total cloud cover, then all cloud types 

except Cu show a maximum at the ITCZ; cumulus shows a slight minimum right at the ITCZ. 

The zonal average position of the ITCZ in the ocean is in the Northern Hemisphere in all seasons, 
unlike the situation on land. Based on Figure 10, the ITCZ moves only about 4' of latitude with 

the seasons, much less than on land. The equatorial maximum and subtropical minima in total 

cloud cover are much less prominent than over land: the difference from maximum to minimum 

cloud cover is less than 15% over the ocean but more than 40% over the land. 

8. COMPARISON WITH EARLIER GROUND-BASED CLOUD CLIMATOLOGIES 

The first world maps of cloud cover were published by Teisserenc de Bort (1884; 1899). 
The first maps of the distribution of the different cloud types over the oceans, and the most simi- 

lar predecessor to our work, was the A t l a  of Climatic Charts of the Oceans (McDonald, 1938), 
based on weather observations from ships during the years 1885-1933. We have followed 

McDonald's precedent in grouping the clouds into six types. McDonald's maps of total cloud 

cover were used by Telegadas and London (1954), together with observations from land stations, 

to produce contour maps for the Northern Hemisphere for winter and summer seasons. They also 

computed zonal averages (land plus ocean) for the six cloud types using McDonald's atlas for the 

ocean part of each zone. We have digitized contour maps from Telegadas and London and com- 

puted the zonal and (northern) hcmispheric average cloud cover for ocean areas only, for com- 

parison with the present atlas. For comparison in the Southern Hemisphere we have used the 

cloud climatology of van Loon (1972), which was a "subjective fusion'' of climatic atlases based 

on surface observations as well as Sadler's (1969) atlas based on satellite pictures. More 

recently, a global climatology of total cloud cover (but not cloud types) was published by Ber- 

lyand and Strokina (1980), who combined both surface observations and satellite Observations 

(Sadler's atlas) in unspecified proportions. These and other cloud climatologies have been 

reviewed by Hughes (1984). The hemispheric annual average cloud cover obtained by these vari- 

ous authors are as follows (for ocean areas only): 
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The reason that our results excced those of van Loon and of Berlyand and Strokina is partly due 

to the fact that Sadlcr’s subjective nephanalyses obtained 8% less cloud cover than reported by 

ships, as shown by Warren et al. (1981). Since we do not know the relative wcight placed on 

Sadler’s results in those two studies, we cannot attempt a quantitative explanation of thc differ- 

ence. 

Our results differ from those of Telegadas and London by 9% over the ocean but only 4% 
over land. The 9% difference is due to several causes: 

(1) McDonald’s atlas was based on observations mainly from thc period 1885-1933, so most of 

them were not reported in the standard synoptic code. The total cloud covcr (in COADS 

reports) increased with time by 10% from 1920 to 1950 (Wright, 1986), due to changcs in 

observing and coding procedures or perhaps related to the increase in average sca-surface 

temperature from 1920 to 1950 (Oort et al, 1987). Our own analysis of the years 1930-1951 

gave 2.3% less total cloud cover than for the years 1952-1981. 

McDonald did not count fog as a cloud, accounting for about 1% difference in total cloud 

cover. 

A. 

(2) 

(3) McDonald used only observations at 1290 GMT, which is night in the Pacific. Since 

reported cloud cover is greater during the day than at night, and since the Pacific Ocean is 

larger than the Atlantic, a difference of about 0.5% in the hemispheric averagc would rcsult. 

The difference between our analysis and McDonald’s is much more substantial for cloud 

types than for total cloud cover. McDonald did not account for obscuration of upper clouds by 

low overcast whcn computing frequency of occurrence of upper clouds (Telegadas and London 

did attempt a correction for this), and his computation of the frequency of each cloud type was 

based on the total number of observations, not on the number of obscrvations that included infor- 

mation on clouds present or absent. 
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Figure 10. Zonal average total cloud cover over ocean as a function of latitude, for four 
seasons. Smooth curves were drawn through the data points for 5-degrcc zones 
listed on the right side of maps 6-9. Values for 10-dcgree zones (from the 
10°x200 maps) were used where 5-dcgrce values were missing. 
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Satellite cloud climatologies will differ from our results for many reasons: cloud typcs are 

defined in satellite observations using radiance statistics rather than pattern recognition; the 

clouds are projected in a different manner so that something intermediate between earth-cover 

and sky-cover is usually obtained; clouds much smaller than the pixel may go undetected; thin 

cirrus at night may be mistaken for thick altostratus, and many other reasons; a review of this 

problem is outside the scope of this atlas. 

9. RESULTS ON DATA TAPE 

The numbers plotted on the maps, as well as more detailed information listed in Table 10, 

are available on magnetic tape from the Data Support Section at NCAR (Boulder, CO 80307; tel. 

303-497-1215) and from the Carbon Dioxide Information Analysis Center (CDIAC, MS-050, 

Oak Ridge National Laboratory, Post Office Box 2008, Oak Ridge, TN 37831-6050; tel. 615- 

574-0390; request Numeric Data Package NDP-026). It is also available from the National 

Climatic Data Center (Federal Building, Asheville, NC 28801; tel. 704-259-0682). 

The cloud climatologies for both ocean and land areas are on the same tape. The 

long-term average monthly and seasonal total cloud cover is given, along wih  the standard devia- 

tion and number of observations. The average for each of the eight individual synoptic hours and 

for each of the thirty years is given; thcse values were the basis for our analysis of the diurnal 

cycle and interannual variation. The same is done for seasonal values for each of the cloud types. 

The total amount of low level clouds and of middle lcvel clouds, and annual average total cloud 

cover and cloud type amounts, are given on tape but not in the atlas. 

Values of total cloud covcr for 1982 and 1983 are not used in this atlas (except for the diur- 

nal analysis) but are included on the archivc tape. We now know that they are too large by an 

averagc of 1% as explained in Section 3k. The values on the tape should therefore not be used; 

they will be superscded by our future reanalysis of the 1982-83 data. 

Table 10. Outline of Quantities Archived on Magnetic Tape for Land and Ocean Grid 
Boxes 

A. Total Cloud Cover 
1. Four seasons 

a) long-term average 
1) all times* 
2) daytime only*' 
3) eight individual synoptic hours*' 

b) individual year averages 
c) diurnal cycle 
d) interannual variations and trends 

2. Twelve months 
a) long-term average' 
b) individual year averages 

3. Annual 
a) long-term average 
b) annual cycle 

B. Cloud Types (for 6 type classes and clear-sky and fog; for frequency of occurrence, 
amount, and amount-when-present where appropriate) 
1. Four seasons 

a) long-term average 

1) 
2) eight individual synoptic hours 

all times (upper clouds daytime only)* 

b) individual year averages 
c) diurnal cycle 
d) interannual variations and trends 

e) base heights of low clouds 
f) co-occurrence probabilities 

2. Annual 
a) long-term average 

C. Low and Middle Cloud Levels 
1. Four seasons 

a) long-term average 
D. Nine Individual Low Cloud Types** 

1. Two seasons (December-January-February and June-July-August) 

a) average amount, amoun t-when-present , and frequency 
b) base heights 

*also for FGGE year (Dec 1978-Nov 1979) at higher spatial resolution 
**for FGGE year only 
'FGGE land averages are computed monthly 



ACKNOWLEDGMENTS 

The observations from ships were obtained principally from COADS. We appreciate the 
great effort by the COADS workers to create this dataset, and especially thank Scott Woodruff 

(NOAA-ERL) for discussions concerning the data quality. Will Spangler (NCAR) facilitated our 

access to COADS-CMR in 1984 before it was ready for general release, Rob Quayle (NCDC) 

provided the special dataset of transient ships passing near the weatherships. 

Discussions with Roger Barry (CIRES), Tom Charlock (NASA-Langley), Tony Gordon 

(NOAA-GFDL), Garth Paltridge (CSIRO-Melbourne), Rob Quayle, Tom Schlatter (NOAA- 

ERL), Ralph Slutz (CIRES), Starley Thompson (NCAR) and Bruce Wielicki (NASA-Langley) 

helped in our development of the analysis procedure. SGW thanks the meteorologists on the 
"Icebird" (Warwick Bromham and Jeff Wilson) and on the "Polar Star" (Brian Branson, Mark 

Lewack, Jeff Newton, Dave Stanberry, and John Sullivan) for helpful discussion about observing 
practices during cruises between Australia and Antarctica. 

The cloud maps were generated on the DICOMED Graphic System located in the NCAR 

Scientific Computing Division, with programming help from David Kennison. Ginger Hein of 

the NCAR Photographics staff produced the final prints. The cover photographs on both land and 
ocean atlases were printed by Bill Warren. The photograph of oceanic cumulus was taken by 

John Porter (Univ. Hawaii). We thank Rob Quayle, Tony Slingo (NCAR), Mike Wallace (Univ. 

Washington) and Scott Woodruff for review of the original manuscript. 

The figures were drafted by Suzanne Whitman at NCAR. The text was typed at CIRES by 

Julie McKie, Alice Rhodes, and Claudia Rogers. Carol Rasmussen and Anatta (NCAR) assistcd 
with the page-layout. 

Printing and distribution of the atlas were arranged by Tom Boden, Mike Farrcll, Tom 

Gross, Bob Kleppner, and Mike Riches, all of the Department of Energy. 

The ground-based global cloud climatology project was supported by the National Climate 

Program Office of NOAA and the Carbon Dioxide Assessment Program of the Department of 
Energy, under NOAA grant number NA 80 AA-D-00030 to the University of Colorado, in order 

to provide a complementary data set for evaluating the results of the International Satellite Cloud 

Climatology Project. Additional support was provided by NASA Grant NAGW-1002. We thank 

Martin Yerg (NOAA; National Climate Program Office) for his efforts to ensure continuity of 

funding support for this project. 



1 
I 

i 
i 
I 

I 

I 
I 

! 
I 
I 

I I 

REFERENCES 

Berlyand, T.G. and L.A. Strokina, 1980: Global Distribution of Total Cloud Amount (in Russian). 
Leningrad, Gidrometeoizdat, 71 pp. (English translation available from S.G. Warren.) 

Bunker, A.F., 1976: Computations of surface energy flux and annual air-sea interaction cycles of 
the North Atlantic Ocean. Mon. Wea. Rev., 104, 1122-1 140. 

Diaz, H.F., C.S. Ramage, S.D. Woodruff and T.S. Parker, 1987: Climatic Summaries of Ocean 

Weather Stations. NOAA-ERL Report, 400 pp. 

Hahn, C.J., S.G. Warren, J. London, R.M. Chervin, and R. Jenne, 1982: Atlas ofSimultaneous 

Occurrence of DifSerent Cloud Types over the Ocean, NCAR Technical Note TN-201+STR, 
Boulder, CO, 212 pp. (NTIS number PB83-152074). 

Hahn, C.J., S.G. Warren, J. London, R.M. Chervin, and R. Jenne, 1984: Atlas ofSimultaneous 

Occurrence of Different Cloud Types over Land, NCAR Technical Note TN-24 l+STR, 

Boulder, CO, 216 pp. (NTIS number PB88-118641/AS). 

Henderson-Sellers, A., and K. McGuffie, 1989: Basis for integration of conventional obscrvations 

of cloud into global nephanalyses. Submitted to Armos. Chem. 

Hughes, N.A., 1984: Global cloud climatologies: a historical review. J .  Clim. Appl. Meteor., 23, 

724-75 1. 

Lander, M.A., and M.I. Morrissey, 1987: Unexpected duplicate ship reports in the Comprehen- 
sive Ocean-Atmosphere Data Set (COADS). Tropical Ocean-Atmosphere Newsletter, 

March 1987, 13-15. 

McDonald, W.F., 1938: Atlas of Climatic Charts of the Oceans. USDA Weather Bureau Pub. 
No. 1247. US Government Printing Office, Washington, D.C., 130 pp. 

Malick, J.D., J.H. Allen and S. Zakanycz, 1979: Calibrated analytical modeling of cloud-free 

intervals, Proc. SOC. Photo-optical Instrumenthtion Engineering, 195, 142- 147. 

National Climatic Data Center (NCDC), 1962: History of the international code, in TDF-I3 

Reference Manual, pp. 0.6-0.10 (Available from NCDC, Asheville, NC). 

Oort, A.H., Y.H. Pan, R.W. Reynolds, and C.F. Ropelewski, 1987: Historical trends in the sur- 

face temperature over the oceans based on the COADS. Climate Dynamics, 2,29-38. 

Quayle, R.G., 1980: Climatic comparison of estimated and measured winds from ships. J. Appl. 

Meteor., 19, 142-156. 

Riehl, H., 1947: Diurnal variation of cloudiness over the subtropical Atlantic Ocean. Bull. Am. 

Meteorol. SOC., 28, 37-40. 



RieN, H., 1979: Climate and Weather in the Tropics, Academic Press, London, 61 1 pp. 

Sadler, J.C., 1969: Average Cloudiness in the Tropics from Satellite Observations. Honolulu, 

East-West Center Press, 22 pp. and maps. 

Steurer, P.M., 1987: Reply: Unexpected duplicate ship reports in the Comprehensive Ocean- 

Atmosphere Data Set (COADS). Tropical Ocean-Atmosphere Newsletter, July 1987, 12- 

14. 

Sverdrup, H.U., 1933: The Norwegian North Polar Expedition with the "Maud", 1918-1925, 

ScientGc Results, Vol. 11: Meteorology, Part I, Discussion, pub. John Griegs, Bergcn, 33 1 

PP. 

Teisserenc de Bort, L., 1899: Mean monthly and annual cloudiness. Plates 17 and 18 of Atlas of 

Meteorology, Bartholomew's Physical Atlas, Vol. I11 (eds. J.G. Bartholomew, A.J. Herbert- 

son and A. Buchan), Archibald Constable pub., Westminster. (Reprinted from Annales du 

Bureau central mefebrologique de France, Vol. IV, 1884) 

Telegadas, K., and J. London, 1954: A Physical Model of the Northern Hemisphere Troposphere 
for Winter and Summer. New York University College of Engineering Scientific Report 
NO. 1 [AF 19(122)-165],55 pp. 

Tian, L., and J.A. Curry, 1989: Cloud overlap statistics. Submitted to J .  Geophys. Res. 

U.S. Navy, 1974-1979: Marine Climatic Atlas of the World, Volumes 1-5. U.S. Govcmmcnt 

Printing Office. 

van Loon, H., 1972: Cloudiness and precipitation in the Southern Hemisphere. Meteorological 

Monographs, 13, 101-1 11. 

Vincent, D.G., 1982: Circulation features over the South Pacific during 10-18 January 1979, Mon. 

Wea. Rev., 110,981-993. 

Warren, S.G., C. Hahn and J. London, 1981: Ground-based observations of cloudincss for cross- 

validation of satellite observations. In Clouds in Climate (W. Rossow, ed.), NASA-GISS, 

New York, 174-179. 

Warren, S.G., C.J. Hahn, and J. London, 1985: Simultaneous occurrence of different cloud types. 

J .  Clim. Appl. Meteorol., 24,658-667. 

Warren, S.G., C.J. Hahn, J. London, R.M. Chervin and R.L. Jenne, 1986: Global Distribution of 
Total Cloud Cover and Cloud Type Amounts over Land. NCAR Technical Note TN- 

273+STR, Boulder, CO 29 pp. + 200 maps (NTIS number DE87-006903). 

Woodruff, S.D., R.J. Slutz, R.L. Jenne and P.M. Steurer, 1987: A comprchensive ocean- 

atmosphere data set. Bulletin Amer. Meteorol. SOC., 68, 1239- 1250. 



World Meteorological Organization, 1956: International Cloud Atlas, Abridged Atlas, WMO, 

Geneva, 62 pp. + 72 Plates. 

World Meteorological Organization, 1974: Manual on Codes, Volume 1 .  (WMO Publ. No. 306), 

WMO, Geneva. 

Wright, P.B., 1986: Problems in the use of ship observations for the study of interdecadal climate 

changes. Mon. Wea. Rev., 114,1028-1034. 

Young, M.J., 1967: Variability in cstimating total cloud cover from satellite pictures. J .  Appl. 

Meteor., 6,573-579. 



ul
 
0
 

v,
 0
 

m
 
0
 

v,
 0
 

w
 
0
 

v,
 0
 

0
 

0
 

w
 
0
 

z
 

0
 

m
 
0
 

z
 

0
 

(0
 
0
 

z
 

0
 

7
 

D
 
0
 

0
 
3
 

7
 

+
 

-
0

 0
 

-h
 

9
 

0
 

D
 

7
 

0
 

0
 

0
 

3
 



Number  o f  3-Hour  Periods w i th  A t  Least One Cloud Report 

3 0 " s  - 

- 

6 0 " s  - 

- 

90"  s 

(Number of  "Compressed Observations") (hundreds) 

1 1 
3 4 15 21 19 24 76 56 35 1 

\ 

0 / 7 5  a \ -  ) I  . / \ 
- 0  0 8 6 5  1 1  22 41 -29  9 7 8 E 6 E 12 22 29 21 49 13 0 0 0 0 0 8 - 5 4  15 17 25 23 26 13 11 10 14 10 7 10 13 12 9 21 22 14 11 5 2 2 3 3 4 7 1 6 ) O  0 0 0 7 - 5 5  33 8 3 2 2 7 20 

I \ / 
0 0 6 4 5 2 4 7 3 7 1 1  11 1 1  9 7 6 7 7 7 11  1 9 3 4 5 9  0 0 0 0 0 0 0 4 2 ~ 2 8 2 7 1 6 2 4 1 3 1 1 1 5 1 1  E ( 0 1 4 l 9 2 2 2 1  1 1 1 1  8 4 2 1 1  1 2  2 3 19 0 0 0 0 4 6 2 0  7 9 9 7 7 7 6 

v 
\ -  5 5 6 5 7 8 8 9 1 2 1 2 2 2 5 2 9 3  

I 1 \ 
66 69 55 28 19 17 1 7  15 13 

23 12 i o  9 E 9 i o  8 9 
\ 

2 0 8 3 3 4 4 1 2 3 6 4 5 5 5 1 9 1 4  

- 6  5 4 4 5 7 9 5 5 5 5 4 3 4 3 1 1  1 2  3 2 3 5 7 6 -  

5 5 7 7 6 5 5 4 3  4 3 4 2 2 2 2 i 3 3 3 3 3 3 

16 10 7 3 6 16 13 4 3 2 4 4 2 6 14 21 2 3 1 1 1 1 1 1 1 2 7&5 - 15 13 23 10 13 15 16 21 - - 
9 9 7 6 4 3 4 1 1 1 1 1 1 3 9 

9 9 9 4 9 4 4 1 1 1 6 6 

14 16 1 3  12 15 12 12 11 12 7 13 21 11 2 3 2 2 2 21 16 21 

15 11 17 e 10 12 15 15 19 14 13 16 1 3  

10 44 2 6 e -  1 1  

- 
24 5 5 5 6 

5 4 3 E 2 3 4 8 

7 8 2 

4 -  3-3 - 4 _. 4 12 23 14 15 7 6 5 5 6 6 
\ 

1 0 0 0 0 0 

0 0 0 0 0 

-e 

0 0 

2 1- 

0 1-6 0 - 
0 0 0 0 0 0 0 0 

I I 1 I I I 1 I I I I I I I I 1 I I I I I I I 1 1 1 1 1 1 1 1 1 I 

December, January, February (1952 -1981) Ship Observations Only 

Q 

Map 2 



Number  of 3 - H o u r  Periods w i th  A t  Least One Cloud Report 

(Number o f  "Compressed Observations") (hundreds) 

March, April, May (1952-1981) Ship Observations Only 

I 1 I I I I 1 I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I 90"  N 24 

6 0 "  N 

30" N 

3 

0 "  

30" S 

60"  S 

I .  $ 7  i n  12 

90"  s 

1 0 0 0 0 0 0 0 0 
v- ,- 32 2 3 2 1 0 1 0 0 0 0 

1 3 2 1 0 2 3 2 0 71 1% 139 179 1 8 8 - ) 7  
J - - 

1 1 1 0 0 0 0 0 0 0 0 0 1 1 139 114 116 119 124 126 201 144 169'<40 5 2 5 1 

125 120 103 88 70 64 57 65 71 59 59 60 62 63 69 95 86 '73 1 125 187 124 119 119 123 134 126 

2 3 2 1 0 0 0 1 0 132 106 99 91 83 74 65 71 71 71 70 71 73 82 86 108 113 106 1 183 120 122 127 122 110 100 149 
$ 

\ f 

2 2 1 0  0 0 0 0 0 

* y 6 2 . 2 i j  7 2 2 2 2 2 2 2 2 0 0 0 0 0 0 1 117 112 181 103 97 89 79 77 79 79 77 76 80 88 172 109 97 106 162 2 1 0 0 1 12 51'138 134 110 109 108 113 1 2 5  117 111 90 70 68 96 142 SE 2 1 1 21 I - 
1 

> 

1 1 0 0 3 1 0 0 57 66 70 74 70 68 65 59 54 45 42 67 102 97 74 49 47 47 100 108 112 107 91 67 45 38 45 129 84 2 1 1 0 2 2 1 2 A'41 2 14 

11 
1 1 2 80 1 1 4 7 9 ~ 6 9  40. 7 1 0 9 - 5  1 0 8 39 39 38 36 37 47 57 65 73 80 98 97 56 42 42 34 27 29 114106 94 76 59 42 31 16 61 138 4 1 1 0 2 2 2 

110 86 53 90 67 45 35 28 28 27 19 19 22 27 30 36 26 27 27 28 37 U 43 U 47 98 87 73 42 28 26 23 41 70 122 3 1 1 2 2 1 2 

r b -  \ - 1 1 1 1 70'86 93 81 49 35 60 37 66 78 25 15 15  24 14 13 9 6 8 17 12 12 13 14 13 14 14 14 17 23 40 53 87 109 90 71 117 101 93 87 76 46 33 18 23 27 57 63 120 3 1 1 2 1 1 ' 1 

0 0 0 0 6 50 40 22 33 27 15 30 33 41 34 6 6 4 4 7 6 12 10 9 8 6 7 9 5 6 7 6 5 6 13 24 38 54 56 15 1 1 1 1 7 37 52 34 40 63 23 18 89 

fi 

0 

- 

f " I  / J \  - 
77 4 

- 
I 'I 

- / 
0 0 0 0 0 12/67 40 47 61 21 15 21 52 34 13 11 16 6 4 5 7 10 13 12 13 12 10 12 10 9 9 8 8 9 11 20 39 8 7 > k 5 7  1 1 2 - 4 0  59 45 29 13 21 77 29 89 111 13 11 18 

/ 

f 
35 55 22 18 21 26 37 18 4 2 3 1  8 6 9 2 4 4 6 11 6 5 5 2 5 3 4 5 8 13 19 23 26 24 40 32 42 ( 1 0 0 0 0 O'hl7-53 78 27 16 21 16 

\ 
85 27 14 13 22 39 92 21 17 16 0 

\ 

I 

r , /  

\ 
40 43 13 1 3  13 19 30 49 1 3  15 1 7  10 7 5 3 3 7 11 6 3 4 4 6 7 12 18 20 18 18 18 24 38 20 8 28 12 0 0 0 0 0 0 0 - 

0 0 0 \ 0 ) 5 7  20 14 6 13 34 28 1 1  21 20 23 

0 0 1 39 5 0 < ) 1 3  29 39 11 5 10 17 22 22 

17 11 5 5 7 10 12 5 7 9 15 17 18 12 9 12 14 17 31 30 12 3 4 7 32 0 0 0 0 0 0 0 73 28 9 21 19 16 24 66 78 17 18 0 -  

I I  \ I \ - 
\ I 

21 9 14 1 5 ' 1 4  12 13 17 18 22 23 14 12 12 14 12 25 26 18 11 5 4 3 2 18 17 0 0 0 0 0 0 79 7 4 3 14 22 19 27 81 60 32 1 

4 6 - 2 9  11 9 9 8 6 11 18 25 31 21 4 9 4 0  0 0 0 0 8 - 5 5  16 18 26 24 26 13 11 11 14 11 8 11 16 18 11 26 24 14 12 6 2 2 3 5 5 8 1 9 1 0  0 0 0 E,&' 35 7 4 2 2 6 20 23 31 91 56 \ \ / 

- I I \ -  
0 0 66 53 48 39 14 13 11 10 8 7 8 9 10 16 25 39 59 0 0 0 0 0 0 0 45 24 27 31 18 25 13 12 15 11 11 16 16 21 25 22 11 13 9 5 3 1 1 1 2 2 4 22 0 0 0 0 52 21 8 9 10 8 8 8 7 ( 3  25 41 

1 Y 4 

1 
2 0 1 0 8  7 7 8 9 8 8 8 8 8 8 8 9 8 9 7 1 1  1 0  0 1 1  1 9  0 2 3 1 2 4  4 3 5 3 2 3 8 4 5 5 5 1 6 1 3  

1 1  1 1  1 2  1 2 1 5 0  0 3 4 9 2 5 6  6 7 7 7 8 9 1 1 1 3 1 4 2 4 5 2 9 6  

I 

66 70 56 29 19 18 18 15  14 14 13 14 14 14 14 15 20 32 64 25 2 ~ 3 5 

- 2  2 2 2 3 4 4 4 4 4 3 4 3 3 3 2 2 3 0 0 0 0 0 1 3  4 4 l k 1 , 3  2 1 9  3 1 1  1 1  2 1 2  2 2 2 -  

- 3 3 3 4 2 4 3 2 2 3 7 1 1 1 1 1 1 1 1 1 1 1 2 2 2 3 2 2 5 1 2 1 2 9 5 4 3 3 4 ~ 1 1 1 1 0 0 0 0 0 0 0 0 1 1 5 J 1 2 C 7 7 1 1 2 2 2 1 0 0 0 1 1 1 2 1 1  - 
6 4 4 1 3 6 3 1 1 1 1 1 1 2 8 7 2 2 1 3 1 1 1 1 1 2 6 11 2 3 6 4 4 

2 2 1 0 1 1 0 1 2 7 5 5 4 3 
- V 

5 2 2 1 3 5 1 1 1 1 1 1 2 3 3 1 1 2 2 3 3 

3 3 2 3 4 4 2 1 2 2 1 2 1 1 3 2 2 1 1 2 1 0 1 1 1 1 1 9 3 1 2 2 2 2 

4 - - 
12# l 2  

2 2 1 3 2 3 2 1 1 0 1 2 0 <' 
1 0 l - *  22s);. l /-: 0 - 0- 1 -  1 - 3  

0- l 

m0- 
- ? i - l - O - - -  

5 4 0 - 3  _I 4/--4 

0 

I 1 

I I I I I I I I I 1 I I I I I 1 I I I I I 1 I 1 I I I I I I 1 I I I I I 
30" E 60" E 90"  E 120" E 150" E 180 150" W 120° w 9 0 "  w 6 0 " W  30" W 0 "  

Map 3 



! ",- 

23 

N u m b e r  of  3-Hour  Per iods wi th  At. Least One Cloud Report 

- 

- 

( N u m b e r  of "Compressed Observations") (hundreds) 

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 3 0 1 0 

0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0-0 - 0 0 0 - 0  

0 0 0 0 0 

0 0 

0 0 0 0 0 0 

0 0 0 0 

0 0 0 

0 0 0 

- 
0 

0 

0 0 0 0 0 0 0 

0 -  1 0 0 0 0 0 0 0 
1 

0 0 
0 

0 0 0 0 0 0 0 

0 0 0 -  

-4 

0 0 0 0 0 - 0  - 0 0 0 0 0 
0 0 0 

I I I I I I 

June, July, August (1952-1981) Ship Observations Only 

6 0 "  N 

30"  N 

0 "  

3 0 "  S 

60"  S 

9 0 "  s 

Map 4 



ij
 

(D
 

0
 

v,
 0
 

w
 

0
 -
 

0
 

m
 

cn
 

0
 

m
 - 

0
 

(D
 

0
 

m
 - 

0
 

A
 

h
)
 

0
-
 

0
 

m
 

A
 u
 

0
-
 

0
 

m
 

A
 

00
 

0
-
 

0
 

A
 u
 
0
 

0
-
 

2
 

A
 

h
)
 
0
-
 

s 0
 

(0
 
0
 

0
- 

s cn
 

0
 

0
-
 

s w
 
0
 

0
' s 0
 

0
-
 

-
 

0
 

0
 

0
 

0
 

v,
 0
 

w
 

0
 

v
)
 

0
 

0
 

0
 

w
 

0
 

z
 

0
 

cn
 

0
 

Z
 

0
 

CD
 

0
 

Z
 

0
 

0
 

0
 

O
0

 
I 

0
 

O
-

I
 

0
0

 

I 
0
 

O
O

.
i

 

0
 

I 
0
 

0
°

1
 

0
0

 0
0

 

0
-

 

0
0

 1 
O

 
p;
\ 

0
0

 0
-

 

1 0
0

 

0
0

 

O
-

N
C

Y
y

 

o
o

-
w

Y
'

9
 

0
0

-
N

I
I

I
;

 

0
-

 O
O

-
-

N
Y

 

O
o

-
-

L
W

 

0
0

0
-

-
-

 

O
O

O
-

-
N

 

0
0

0
-

-
w

 
0

-
 o

O
-

-
N

L
 

-
-

 -
-

-
-

4
u

 

u
w

-
N

L
Y

 ;
e

 

0
-

 

W
N

 

N
O

 

L
O

 

- 
u
*
 

d
 

Y
O

 
- 0

0
 

0
0

 

0
0

 

0
.
 
0

 
- 

0
0

 

0
0

 

n
 

Z
 

C
 m
 

CD
 3 7
 

0
 

+
 

*
 

0
 

3 0
 

73
 

7
 

CD
 

v
) 

v
) CD
 

Q
 

n
 

r
 

C
 
3
 

a.
 

(0
 

Q
 

v
) 

7
 

W
 

'7
 

5
 

0
-
 

CD
 

0
 

(A
 

1 1
 

0
 

c 3 7
 +
 

7
 

CD
 0
 
a.
 

v
) 

7
 

-e
 z -

0
 +
 

T
 

>
 

+
 

1
 

CD
 

Q
 

v
) 0
 

+
 

3
 

CD
 0
 

0
 

If
 

Q
 

a
 

73
 
0
 

-
 z
 



, 

47 

Average Total Cloud Cover (X) 

6 0 " s  - 

- 

9 0 "  s 

00 00 00 90 00 90 90 09 09 07 09 00 04 92 90 88 04 05 07 09 91 05 04 03 04 09 91 93 91 90 90 09 07 

0> 00 95 94 92 09 03 85 80 

- 
93 94 93 93 90 00 88 09 00 09 07 00 89 09 80 07 07 92 90 90 90 91 91 05 91 94 93 95 93 96 94 93 09 

c 

07 f-70- =?)- 97 

03 7> 01- 70 02-72-70- 0 3 7 5 -  79-00 90 94 94 93 93 94 95 94 91 92 

91 04 

72 I 70 06 Q - - - 
I I 1 1 I 1 I I 

47 

50 

61 

66 

00 

79 

00 

00 

79 

75 

71 

66 

60 

52 

4 0  

49 

59 

61 

55 

57 

50 

50 

50 

59 

62 

60 

74 

00 

04 

00 

90 

00 

00 

77 

Map 6 GLOBAL AVERAGE (OCEAN) 65 % 



Average Total Cloud Cover (%) 

6 0 " s  - 

- 

3 

- 
77 06 04 06 07 04 02 06 06 06 05 06 79 01 04 04 04 

87 79 02 05 07 04 04 09 07 02 06 

09 06 92 07 00 09 91 03 06 02 06 09 00 00 

04 0+ 0 2 n -  06 90 

03 04 07 09 91 09 92 09 06 03 

89 92 00 93 91 04 07 

91 09 05 03 

02 07 07 

90 00 95 91 

91 09 93 91 05 00 

- 
05 00 

07 90 
92 93 

73 
D - - 

61 

66 

70 
77 

77 
79 

00 

79 

74 

69 

65 
59 

52 
40 

51 

60 

59 

53 

54 
54 

55 
57 

60 

64 

60 

75 

70 

03 

06 

00 

07 

06 

75 

9 0 "  s I I 
I I I I I I I I I I I I I I 1 I I 1 I I 1 I I 1 I I 1 I I 1 I I 1 I I 

30"  E 60"  E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 9 0 "  w 60"  W 30"  W 0 "  

' 3  d GLOBAL AVERAGE (OCEAN) 64 % Map 7 



Average Total Cloud Cover (%) 

June, July, August (1952-1981) Ocean Areas Only 

I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I 1 I I I I I 
82 

90"  N 

- 
89 t 

- 

14 10,1_9-38 57-41 

70 69 64 66 

76 

- 

74 73 

85 82 84 86 

6 0 " s  - 86 80 

90"  s I I I I I I I I 1 I I I I I 1 I I I I I I I 1 I I 1 I I 1 I I I I I I 

30" E 60" E 90 "  E 120" E 150" E 180 " 150" W 120" w 90" w 60"  W 30" W 0 "  

ZONAL 

AVERAGE 
- 

82 

85 

85 
- 

- 80 

80 

78 

81 
- 

- 85 

- 74 

84 

62 

57 

54 

55 

60 

62 

- 

69 

60 

52 
- 

55 

56 

57 

58 

60 

64 

67 

- 

72 

- 

Map 8 GLOBAL AVERAGE (OCEAN) 65 Z 



3 

02 09 $3&1 -75 04 2 2  04 00 
0 4  04-77 

06 03 79 

07 00 90 

92 90 91 94 90 93 90 

06 07 81 04 
06 79 09 07 00 00 09 90 92 04 91 90 06 09 

I I I I 1 I I I I I I I I I I I I I I 1 I I I 1 I I 1 I I I I I I 

9 0 " N .  

- 

- 

- 

60"  N 

30" N 

0 "  

30" S 

60"  S 

90 "  s 

Average Total Cloud Cover (%) 

September, October, November (1952-1981) Ocean Areas Only 
ZONAL 

1 I I I I I I I I I I I I I I I I I I I I 1 1 I I I I I 1 I I I I I I I 

AVERAGE 
60 

74 

01 

01 
01 

79 

77 

77 
75 

69 

63 

50 

54 

51 
53 

50 

66 

50 
53 

57 
50 

59 
60 

63 
66 

69 
74 

02 

00 

4 3 GLOBAL AVERAGE (OCEAN) 65 z Map 9 



Standard  Deviation of  Compressed Observations of  Total Cloud Cover (%) 

- 

6 0 " s  - 

- 

9 0 "  s 

December, January, February (1952-1981) 

23 25 24 23 24 25 27 22 23 28-27 25 22 20 28 27 24 22 25 27 22 27 24 25 27 29 31 27 29 26 29 28 27 27 26 22 31 34 34 30 31 29 28 25 28 28 29 26 22 24 25 23 24 
20 21 23 23 21 24 22 21 23 24 23 24 28 26 25 25 24 25 27 24 20 24 23 25 26 23&0 -28  25 3 3  18 20 21 19 21 - 
20 21 21 19 20 19 18 20 19 22 20 19 25 19 19 20 23 24 23 20 18 26 19 21 22 21 19 16 20 19 19 20 23 

16 16 16 16 19 20 20 

13 16 18 19 27 25 29 

20 21 21 23 22 20 21 24 24 25 18 21 21 21 19 18 25 20 15 17 14 17 12 16 

26 3% 2 8 ~ - 2 9 ~ 2 7 - 3 5 ~ 3 5 - 3 0 ~ 4 - 3 2 , 2 2  22 20 15 14 16 15 14 13 16 19 19 

- 
16 20 2P 21 

- 
22 /*30- 17 21 33 1 1  27 

34 I 31 - 

I I I I I I I I I I I I I I I I I 1 I I I I I I 1 I I I I I 

Ocean Areas Only 
ZONAL 

42 

37 

33 

26 

26 

25 

24 

25 

26 

27 

27 

28 

28 

28 

27 

28 

29 

28 

28 

29 

29 

29 

30 
31 

31 

29 

26 

23 

20 
19 

21 

21 

29 

Map 10 GLOBAL AVERAGE (OCEAN) 28 Z 



3 

34 34 33 32 31 31 31 32 32t31 30 30 29 29 31 32 

29 27 30 39 38 36 35 30 33 31 30 29 33 31 31 33 34 33 31 29 31 

30 34 26 30 30 28 30 

24 27 27 

33 29 29 29 30 29 30 29 29 30 29 29 30 30 29 30 30 32 31 30 28 30 40 5 3 3  32 30 30 31 31 31 30 30 29 30 29 29 28 28 28 29 3 1 v - 3 4 - 3 5  36 

2 32 32 31 30 29 30 29 30 28 26 27 26 27 28 30 31 31 29 30 31 
1 Y 

37 33 33 33 31 31 

34 35 31 28 31 28 

2r % / 31 31 31 32\33 33 29 30 29 30 32 29 28 29 29 29 29 29 29 29 29 30 

18 31 32 32 31 31 31 26 27 28 28 29 26 23 28 25 22 24 25 26 27 27 27 29 2 9 r 4  31 30 30 32 3'4 33 30 27 27 28 28 30 28 29 25 

15 27 25 27 27 29 28 27 29 27-29 
6- 

24 25 24 24 26 28 30 27 28 33 29 28 24 27 30 25 25 

23 28 25 23 21 24 22 23 27 24 26 28-&3 O 3 1  26 2 7  28 19 25 25 21 24 24 26 22 22 23 23 25 

9 0 "  N 

- 

- 

6 0 "  N 

30" N 

- 
26 23 24 21 19 21 17 22 24 26 

2 3  19 23 15 18 25 24 

19 20 26 28 

22 31 27 25 21 26 24 22 22 29 21 26 24 24 

24 16 19 19 25 16 23 21 20 17 27 24 31 27 25 25 22 19 

1 7  1 7  17 23 23 28 2 8 e -  22 * 21 39 21 18 e2P25 22 21 

-A2% 4---=+.L35- 35 

17 15 

n 

I I I I I I I I I I I I I 1 I I I I I 1 I I I I I I I I I I I 1 I I I 

0 "  

- 

- 

30" S 

6 0 "  S 

90 "  s 

Standard Deviation of  Compressed Observations of  Total Cloud Cover (%) 

March, April, May (1952-1981) Ocean Areas Only 
ZONAL 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 I I I 
AVERAGE 

I 

I 41 41 

39 

35 

32 

28 

28 

26 

24 

25 

27 

28 

28 

28 

27 

27 

27 

28 

29 

28 

28 

28 

28 

29 

30 

30 

30 
29 

28 

25 

24 

22 

22 

23 

32 

GLOBAL AVERAGE (OCEAN) 28 % Map 11 



Standard  Deviation of Compressed Observations of  Total Cloud Cover (x> 
June, July, August (1952-1981) Ocean Areas Only 

ZONAL 

I 1 1 I I 1 1 I 1 I I I I I I I I I I I I I 1 I 1 I I I I I 1 I 1 I i 1 AVERAGE 
29 i 29 

90" N 
24 sr- 25 

- 
30 39 41 

- 
29 30 20 

23 - L. - 
23 22 22 22 

6 0 " s  - 23 27 - 

27 

25 

28 

27 

27 

25 

21 

22 

25 

27 

28 

26 

26 

27 

27 

27 

28 

28 

28 

27 

29 

30 

30 

30 

30 

29 

-. - 

- - - 
90" s I I I I I I I I I I I 1 I I I I I 1 I I I I I I I I I I I I I 1 1 1 

30" E 60"  E 90" E 120" E 150" E 180 " 150" W 120" w 9 o " w  6 O o W  30" W 0" 

Map 12 GLOBAL AVERAGE (OCEAN) 28 % 



3 

6 0 " s  - 

Standard Deviation of Compressed Observations of Total Cloud Cover (%) 

24 22 24 25 23 24 27 30 20 25&4 -29  27 3 6  

23 23 21 18 26 18 21 22 20 23 20 18 21 28 20 26 24 

18 20 21 15 22 15 18 28-21 

September, October, November (1952 -1981) Ocean Areas Only 
ZONAL 

1 I I I I I I I I 1 I I I I I I I I I I I I I I I 1 I 1 1 I I I 1 1 I I 
AVERAGE 

9 0 "  N 37 37 1 

90" s 

22 

- - 
I I I I I I I 1 I I I I I I 1 1 I I 1 I I I I I I I I I I I I I I I 1 

30" E 60" E 9 0 "  E 120" E 150" E 180 " 150"W 120" w 90"  w 6 0 " W  30"W 0 "  

- - 
I I I I I I I 1 I I I I I I 1 1 I I 1 I I I I I I I I I I I I I I I 1 

30" E 60" E 9 0 "  E 120" E 150" E 180 " 150"W 120" w 90"  w 6 0 " W  30"W 0 "  

35 

28 

26 

26 

26 

26 

25 

26 

28 

28 

28 

27 

27 

28 

28 

27 

28 

27 

27 

27 

28 

29 

31 

30 

30 

29 

26 

22 

GLOBAL AVERAGE (OCEAN) 28 % Map 13 



Average Total Cloud Cover (%) 

45 

- 

- 
> 

32 

f I \  - 
0 2 7 3 3 4  40 42 33 24 25 44 45 41 

\ cc 
60 59 56 53 51 40 52 47 46 51 52 46 50 51 52 55 61 61 64 60 62 65 63 59 49 36 23 7 7  20 19 50 47 5 41 40 44 44 47 40 55 6 2  54 48 

34 30 23.26 31 24 15, )33 27 24 
\ \  I 

\ 
41/43 47 46 42 37 43t57 6 2  60 62 64 66 61 61 65 64 62 60 63 61 66 64 65 66 66 70 72 70 69 60 70 66 65 55 49 46 37 33'4h6 Qb -49 54 60 62 67 63 63 54 35 44 51 46 51 

- 
/ I 

07 92 06 04 00 05 07 00 03 05 04 06 02 02 01 
91 91 05 02 06 00 06 91 92 90 09 03 09 04 94 89 09 

90 06 91 06 90 00 90 00 04 09 90 07 94 91 90 93 05 91 95 96 95 93 97 
6 0 "  S 

I 
L'\ &?62 51 50 60 50 50 56 52 40 46 44 45 46 45 49 50 40 49 47 54 57 61 65 67 70 71 69 50 44 33-26 33 51 49 41 39 42 40 42 43 46 47 51 54 40 43 32 

2 67 67 66 66 69 64 59 59 

\ 

51 50 52 55 62 62 64 

52 57 63 61 64 65 69 

50 54 62 63 65 63 63 64 61 60 67 

64 70 56 50 54 56 56 40 53 50 54 55 62 63 66 64 72 75 72 74 00 r 
k 5 3 - 4 0  40  49 50 50 53 56 50 66 69\71 

44 44 44 47  51 52 52 57 62 64 

46 44 40 46 49 56 62 63 70 73 63 
I 
50 49 47 52 49 53 62 66 74 76 63 

64 53 49 44 46 42 45 36 31 39 36 30 40 40 51 53 54 57 60 67 

\ -  

I 

\ 

\ 
67 50 

63 63 54 50 55 42 40 39 37 35 37 42 45 49 53 53 54 55 56 C 57 

61 60 60 54 56 56 59 61 55 50 50 61 63 66 71-72 7-1 66 62 64 67 63 73 75 60 66 67 60 64 63 54 50 45 41 44 42 44 49 52 55 59 57 56 64 50 

59 53 52 56 53 53 53 50 50 61 66 62 55 51 61 ' 6 2  55 50 59 60 66 64'65 63 60 65 62 61 62 61 53 5 2  52 51 40 40 54 60 60 57 I \ 

0 "  

&&0 - 7 5  01 9 6  91 09 90 92 

05 04 09 90 93 91 09 91 09 

04-07 93 94 91 93 91 90 09 

- 

- 

3 0 " s  - 

- 

45 

42 

54 

77 

00 

00 

00 

00 

79 

75 

71 

67 

60 

53 

40 

40 

\ -  
73 

47 

59 56 63  57 56 40 45 40 40 52 56 63 56 54 57 59 60 59 6 2  65 69 60 66 71 70 66 61 59 56 52 49 53 

53 57 62 62 50 56 61 65 66 60 69 72 72 75 73 70 61 62 
! I 

/ Y 
49 53 55 67 63 60 67 67 61 59 50 59 60 54 41 

65 59 71 60 67 71 71 71 61 

03 00 00 01 

50 49 50 51 59 56 51 52 55 49 56 53 61 66 71 65 40 

- 

/ 9 0  64 54 59 50 57 50 60 60 61 56 61 60 62 70 66 60 4 0  

54 61 60 63 66 69 68 69 69 70 71 76 74 77 73 75 74 74 66 

76 77 70 71 70 74 02 01 77 70 79 79 06 02 70 03 70 75 75 75 01 

04 05 06 06 05 09 00 05 03 79 77-00 07 07 09 02 

50 

61 

55 

- 

9 0 "  s 

57 

59 

50 

50 

57 

61 

66 

73 

00 

05 

00 

90 

00 

04 

75 

03 7& 0 1 e - 7 0 -  95 94 92 97 96 97 95 92 95 94 93 09 77 79 
91 

- 

Map 14 GLOBAL AVERAGE (OCEAN) 65 Z 



3 

- 

6 0 " s  - 

February (1952-1981) 

00 05 05 03 04 07 05 
02 06 00 92 92 91 92 07 09 91 

94 93 96 92 90 00 07 

92 09 07 00 

90 91 00 07 07 05 07 06 90 91 00 00 00 

92 91 07 07 00 05 06 06 80 04 02 05 93 00 90 92 93  90 

Average Total Cloud Cover (%) 

- 

Ocean Areas Only 

92 91 

79 
09 - 

I I I I I I 1 1 I I 1 I I I I 1 I I I I I I I I I I I I I 1 1 I I I I I 
9 0 "  N 47 

90"  s I 
I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I 

30"  E 6 0 "  E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 90"  w 60 " W 30" W 0 "  

ZONAL 
AVERAGE 

47 

43 

60 

00 

70 

00 

79 

70 

7 5  

71 

67 

59 

51 

46 

47 

56 

60 

54 

56 

57 

56 

50 

59 

64 

60 

74 

77 

04 

00 

09 

00 

07 

02 

GLOBAL AVERAGE (OCEAN) 65 % Map 15 



Average Total Cloud Cover (%) 

- 

3 0 " s  - 

- 

6 0 " s  - 

March (1952-1981) 

\ -  
77 71 50 54 54 56 51 51 49 54 56 59 66 66 51 39 

51 56 57 50 62 64 50 55 59 59 59 66 60 57 40 

75 60 71 64 73 73 50 

71 79 74 

56 53 50 59 62 61 63 66 66 60 67 69 70 65 61 57 57 53 47 50 

53 50 61 63 60 64 63 60 70 73 74 72 70 70 69 67 65 59 I / 
56 

51 

1 
50 4 0  51 51 57 50 61 59 60 59 65 66 60 71 67 63 40 
/ 

1 Y 
47 40  56 57 64 69 77 - 

p 7  57 55 56 59 62 60 65 60 69 66 69 69 71 74 72 70 51 -50 

55 61 63 63 67 66 66 71 77 75 76 71 79 00 00 76 70 77 72 63 65 60 67 

70 74 70 01 73 77 74 03 02 77 79 03 02 07 79 70 05 04 02 06 79 02 76 

02 05 07 06 02 02 00 02 03 02 07 

79&3 - 7 0  02 2 7  05 90 06 06 07 - 
04 05 04 00 90 91 92 90 09 03 

93 92 05 07 

70-74 

07 07 06 02 05 06 70 00 05 03 03 

00 01 04 06 07 03 04 00 01 06 04 07 07 

90 05 92 07 09 09 91 03 07 
- 

09 94 92 09 93 04 09 09 89 

Ocean Areas Only 
ZONAL 

\ \ \ / 

91 90 04 04 02-- 06 91 09 93 91 03 06 

92 

- 73 z 3  
I 

9 0 "  s I I 1 1 1 I 1 1 I I I I I I I I I 1 I I I I I I I I 1 I I I I 

- 

40 

57 

67 

79 

76 

70 

70 

77 

73 

70 

66 

60 

51 

45 

46 

54 

50 

54 

56 

55 

55 

57 

59 

63 

60 

75 

70 

03 

06 

09 

07 

06 

75 

GLOBAL AVERAGE (OCEAN) 64 % Map 16 



, 3  
Average Total Cloud Cover (%) 

Ocean Areas Only 

i 

April (1952 - 1981) ZONAL 

AVERAGE 
I I I I I I I I I I I I I I I I I I I 1 1 I I I I I I I I I I I I I 1 i 

50 90" N 50 

4 9  53 50 

00 01 05 00 77 

- 

, 
I 

I 

I 

I 

72 62 62 
/=% 0 0  

I 61 56 59-=71 54 52 

- 
B - 

- 69 60 60 65 65 74 59 - 

- 
02 03 

00 .75  

04 05 01 

05 92 92 93 - 6 0 " s  00-09 06 - 

9 0 "  s I 1 I 1 
I I I I 1 I I 1 I I I I I I I I 1 1 I I I I I I I 1 1 I 1 I 1 1 1 1 

30"  E 6 0 "  E 9 0 "  E 120" E 150" E 180 150" W 120 O w 9 0 " W  6 0 " W  30"  W 0 "  

49 

61 

74 

70 

76 

70 

79 

70 

73 

60 

65 

59 

52 

40 

50 

50 

50 

54 

53 

53 

54 

50 

60 

63 

67 

71 

GLOBAL AVERAGE (OCEAN) 60 Z Map 17 



Average Total Cloud Cover (Z) 
May (1952-1981) Oceon Areas Only 

I I I I 1 I I I I I I I I I I 1 I I I I I I I I I I I I I 1 1 I I 1 I I 
71 

90" N 

60" N 

30" N 

0 "  

30" S 

60"  S 

88 -%/ 

88 84 85 81 78 

49 49 47 49 47 52 5 

52 57 63 67 59 4 

68 75 64 72 71 74 57 

- 74 
L. 

79 83 88 

- 06 

+ - 

- 

9 0 "  s I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
9 0 "  E 120" E 150" E 180 " 150" W 120" w 90" w 60" W 30" W 0 "  30" E 60" E 

ZONAL 
- AVERAGE 

71 

74 

82 

76 

77 

79 

80 

82 

81 

75 

68 

64 

58 

53 

- 

- 

52 

57 

66 

60 

51 

52 

- 

53 

54 

57 

60 

63 

68 

- 

- 

- 

Map 18 GLOBAL AVERAGE (OCEAN) 61 Z 



3 
Average Total Cloud Cover (%) 

June (1952-1981) Ocean Areas Only ZONAL 

I I I I I I I I 1 1 I I I I I I I I I I 1 1 I I I I I I I I I i i i i 1 
AVERAGE 

i 77 90"  N 77 

- 
72 55 77 

I 

/-% G?3 
45 39 3 7 - 4 z 6 4  50 44 

21 19.29-56 63-49 
- i  T ? - Y  

I 

3 

74 73 59  56 73 56 - 

- - 
72 

83 .r 
85 

60"  S 

9 0 "  s I 1 
I I I I 1 I I 1 I I I I 1 I I I 1 I I I I 1 1 I I I I I I I 1 1 1 1 1 1 

30"  E 60 "  E 90 "  E 120" E 150" E 180 " 150" W 120" w 90"  w 30"W 0 "  60 "  W 

85 

86 

84 

79 

79 

82 

86 

85 

77 

68 

64 

57 

54 

58 

61 

69 

60 

51 

54 

54 

56 

57 

60 

64 

66 

Map 19 GLOBAL AVERAGE (OCEAN) 63 % 



I 

r 

90" N 

6 0 "  N 

30" N 

0 "  

30" S 

60"  S 

90" s 

Average Total Cloud Cover (Z) 
July (1952-1981) Ocean Areas Only 

1 1 I I I I I I I I I I I I I I 1 1 I I 1 I I I I I I I I 1 I I 1 I I 
82 

96 96 /93 9 

54 51 54 54 60 57 59 65 67 67 63 53 39 21 15 

74 63 76 70 69 72 55 

* 

77 

I I I I I 1 I I I 1 I I I 1 1 I I 1 I I I I I I I I I I I 1 I I I 1 1 

30" E 60" E 90"  E 120 ". E 150" E 180 " 150" W 120" w 9 o " w  6 0 "  W 30" W 0 "  

ZONAL 
- AVERAGE 

82 

85 

86 

79 

80 

79 

82 

87 

85 

- 

75 

62 

- 56 

54 

56 

61 

63 

69 

- 60 

52 

56 

56 

57 

57 

- 60 

63 

65 

Map 20 GLOBAL AVERAGE (OCEAN) 63 % 



I 

- 

- 

- 

! 

\ -  I > / 
54 59 60 71 73 60 69 60 69 70 71 72 70 50 47 

02 66 71 72 75 60 

44 57 61 60 61 63 61 65 64 67 67 60 60 73 72 67 69 53 \ / 
I Y 

47 45 47 52 50 61 59 63 64 67 66 60 73 74 71 72 70 67 60-59-51 
55 56 62 61 60 72 71 67 60 71 67 71 75 71 73 73 74 72 67 65 61 62 64 67 71 69 67 70 73 73 70 72 70 - 

74 76 77 60 77 79 

L. 

72&2 - - 
04 

Average Total Cloud Cover (%) 

August (1952-1981) Ocean Areas Only 
ZONAL 

I I I I I I I I I 1 I I I I I I I I I I I I 1 I I I I I I I I I I I I I 
AVERAGE 

90"  N 06 06 I 

60"  N 

30" N 

0 "  

30" S 

60"  S 

9 0 "  s 

02 
\ 

I 1 

I I I I I I 1 1 I I I I I I I I I I I I I I I I I I 1 I I 1 1 ' 1  I I I I 

30"  E 6 0 "  E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 90"  w 6 0 " W  30"W 0 "  

06 

07 

02 

00 

70 

00 

03 
02 

70 
56 

51 
51 

56 
61 

62 

60 

60 

54 

56 
56 

50 
59 

61 
65 

67 

Map 21 GLOBAL AVERAGE (OCEAN) 62 Z 



I 

I 
I 

Average Total Cloud Cover (%) 

60"  N 

30" N 

0 "  

30" S 

60"  S 

09 

07 d 
03 

- -- 03 d- 09 91 90 

09 06 09 

05 67 07 

Sr' 90 

02 

79 7 0 3  00 00 7 f  
- 

r 6 7  07 00 77'66 hi&- 
- 

- h 
4 5 13 

- 70-60 
kA- 

2 ' 6  

20.42 4 0 3 6  f I 
'ki 

I \  - 
0 

25 30 5 1 ~ 4 2  55 55 59, p 6  
\ \  I 

- 3 6 3 2 4  42 46 55 63 66 61 

29/35 30 47 54 50 60c60 

4 37 39 46 53 59 64 64 67 

40 45 40 51 61 63 60 66 71 

30 42 53 59 59 63 65 70 71 

57 50 63 66 70 

45 51 54 56 60 59 63 
I 

\ -  

0 

I 

60,50 57 59 

)49 54 53 63 71 79 04 09 06 79 

65 70 74 79 74 6 2  

57 66 69 73 70 70 75 67 71 70 73 76 72 57 47 

I' 79 76 79 79 75 79 61 

73 75 00 0 

I 
47 50 60 62 60 61 64 67 67 69  71 69 70 74 74 69 73 69 

52 45 44 41 51 55 57 59 64 68 66 
/ 

5 0 5  61 50 59 63 61 59 63 61 66 72 73 
Y - 53 53 56 50 60 61 67 69 71 69 73 72 71 74 76 76 - 

- - 
79 
\ 

62 

L. 

02 70 

06 - - 

t 

06 

07 

03 

01 

79 

77 

77 

75 

67 

50 

53 

51 

52 

57 

61 

67 

50 

54 

57 

50 

50 

50 

62 

66 

69 

Map 22 GLOBAL AVERAGE (OCEAN) 62 % 



L 

- 

3 0 " s  - 

- 

60"s  - 

I I I 1 I I I I I 1 I I I I I I I I I I I I I I I I I 1 I I I I I 1 I I 
I I 90"  N 73 

AVERAGE 
73 

\ -  
47 50 54 57 57 59 60 66 60 60 70 67 60 67 60 63 65 63 54 

52 60 62 63 61 64 65 65 67 73 72 71 73 77 71 70 75 

67 
> / 

57 
I Y 
57 56 55 

55 63 66 69 71 71 74 75 74 72 74 73 71 61 fio 

70 60 77 74 73 70 71 74 60 

I \ 
59 53 50 49 56 57 50 61 63 67 64 63 71 70 60 64 42 
/ 

- 
76 L4 6 6 1  01 

p1 66 61 63 64 61 64 66 65 70 69 71 74 73 72 73 70 5 7 G 5 0 - 6 0  
62 66 69 72 75 73 72 71 75 72 75 77 77 77 76 77 70 76 71 65 61 65 66 60 70 74 71 72 76 79 79 75 

69 75 77 00 03 02 

L. 06f 5<53 56 - 
70 06&9 -75 - 01 70 

02 07 91 

00 

04 

- 

Average Total Cloud Cover (X) 

- 

90"  s 

October (1952-1981) 

- 

Ocean Areas Only 
ZONAL 

74 

02 

00 

01 

79 
77 

76 

75 

69 
64 

50 
54 

50 
52 

50 

66 

50 
54 

57 
50 

50 

60 

63 
67 

70 

3 Map 23 GLOBAL AVERAGE (OCEAN) 62 Z 



I 

r 

6 0 " s  - 

- 

90" s 

Average Total Cloud Cover (%) 

06 74 00 91 09 93 91 92 04 91 91 94 90 09 

92 90 91 94 92 94 90 
- 

E 3  - 

November (1952-1981) Ocean Areas Only 
ZONAL 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I 1 I I I I 1 AVERAGE 
45 I 45 

90"  N 
48  

64 

75 

02 

80 

78 

70 

77 

72 

68 

63 

57 

51 

50 

55 

65 

59 

54 

57 

58 

58 

61 

63 

65 

69 

74 

83 

89 

Map 24 GLOBAL AVERAGE (OCEAN) 64 Z 



Average Total Cloud Cover (X) 

6o " - 

December (1952-1981) 

02 90 92 95 90 09 92 09 05 90 91 90 91 09 90 90 90 91 95 91 90 87 

88 90 88 88 88 92 90 91 92 07 92 94 85 00 91 90 06 93 93 92 94 91 95 

7 9 m -  05 

Ocean Areas Only 

- 

90"  s I I I I I I I 1 1 I I I I I I I I I 1 I I I I I I 1 1 I I I 

ZONAL 

- AVERAGE 
40 

51 

63 

70 

80 

79 

80 

79 

79 

75 

70 

65 

59 

53 

50 

52 

63 

61 

56 

57 

58 

57 

- 

- 

- 

59 

60 

63 

69 

74  

00 

- 

- 

3 GLOBAL AVERAGE (OCEAN) 66 % Map 25 



Total Cloud Cover 

Amplitude of  Annual Cycle (X Cloud Cover) 

90"  N 

60 "  N 

30" N 

0 "  

30" S 

60"  S 

90" s 

Ocean Areas Only 
ZONAL 

4 2 3 3  

- 
r 1 5  

- 

1 
k l 7 - 1 3  9 9 5 6 8 10 10 8 8 \ 9  

3 8  2 6 10 15 14 18 16 1 1  8 
2 2 2 8 15 19 19 18 15 13 10 \ -  

10 9 8 6 7 1 1  \ -  

7 4 3 4 4 4  

1 1  12 13 10 10 8 I 6 4 1 2 3 6 5 3 4 3 2 0 3 7 14 20 

4 2 5 4 1 2  - 

.r 

2 
\ t u3 - 

I 

I I I 1 I I I I 1 I I I 1 1 I I I I I I I I I I I I 1 1 I I I I I I 
120" w 90"W 6 0 "  W 30 "  W 0 "  

I 
I I 

30" E 6 0 "  E 90 "  E 120" E 150" E 180 " 150" W 

L1 

24 

4 

3 

3 
4 

5 

5 

7 
8 

8 
6 

5 
8 

9 

7 

7 
7 

7 
8 

6 
4 

4 

3 

3 

Map 26 GLOBAL AVERAGE (OCEAN) 6 % 



6 0 "  N 

30" N 

0 "  

3 0 " s  

9 0 "  N 7 

Total Cloud Cover 

6 0 " s  - 

- 

90"  s 

Phase of Annual Cycle (Month of Max imum)  

- 

- - 
I I I I 1 1 1 I I I I I I I 1 I I I 1 I I I I I I 1 I I I I I I I 1 I 

Ji2 

/ I 7,7 6 7 8 8 8 8 8 9 

t 7  7 8 8 8 8 9 9 9  

1 2 2 2 10 1 0 1 0 9  9 8 

4 4 12 11 10 10 10 9 9 9 

51 2;)3 9 8 8 8 8  'oi 
1 2 2 2 . ;  7 8 5  8 

7 7 8 7 7  12 12 1 1 3 
k 1 2 4 2  12 1 1  4 3 9 8 8  

11 1 1 1  1 1  10 1 1  1 1 1  2 4 L. 

8 7 

8 7 

3 5 6 7 6  

) 
1 - 2  1 - 1 + 1  

l y 1 2 2 2 2 2 2 2 2 2 2 2 1  J f 0 %P'- 

5 1 1 ' 1 2 1  1 2  2 2 2 2 2 2 2 2 3 3 2 - I 

1 0 1 1  9:: 8 

2 1 1 2 1 4 1 1 1 2 1  1 1  1 1  1 1  2 2 4 4 6 

' 3 Y f l f 3  3 3 3 4 3 3 3 3 2 2 2 2 2 3 3 4 5 6 7 7 

/ 
6 6 7 8  

-I 
6 6 ' 5  5 5 5 5 5 

- 
B 6 4  3 - 

7 7 9  7 7 2 9 9 9 8 8 8 8 7 7  

5 5 6 9 1 0 1 0 1 0  9 9 9 10 
\ -  

5 l o  l o  l o  l o  9 9 9 9 
I 

10 10 10 9 10 10 10 

9 9 9 9 1 1 1  

7 \ 

1 2  3 4 4 3 4 3 3 3 2 1 2 1 1 1 0 9  9 9 

8 8  9 10 10 9 9 
\ 

1 ' l  l 1  
1 1 1 12 12 12 12 12 10 10 10 10 9 8 8  

1 12 12 11 11 9 9 9 8 10 
7 7  2 3 2 2  

8 1 2 2 4 3  11,ll 11 11 
1 

12 1 12 6 2 3 3 4 3  1 11 9 8 8 8 8 8  1 10 10 11 10 10 9 9 8 9 8 8 10 12 
/ 

\ 
2 - 3  3 3 4 4 / 

\ 

I 
\ 

12 7'- /1 12 12 12 10 8 7 7 8 8 9 9 1 0 9 1 0 9  8 8 8 7 8 
/ 

12 12 12 12 12 12 1 7 9 10 10 11 2 2 1 12 2 2 7 7 \ 7  12 - 
0 

- 
1 

\ 

Map 27 



90"  N 

60" N 

30" N 

0 "  

30"  S 

60" S 

90"  s 

5 5 8 10 1 1  

3 5 6 1 0 7  

9 9 4 1 0  9 8  6 3 
> 6  

13  11 12 12 12 13 12 11 10 7 6 5 8 7 6 8 14 10 9 8 

>>-55 ; 9 / - s -  

9 6 8  4 10 6 14 13 8 1 1  7 e - 9 - 6 -  2 7 3  - 3-4- 6- 9 9 
-----54 -b-E 

8 4 

7 

1 I I I I I I I I I I I 1 I 1 I I I I 1 I 1 I 1 I I I I I I I I I 1 I 

Cumulus 

Frequency of Occurrence (75) 
December, January, Fe b rua  ry  (1 9 52 - 1981) 

I- 

- 

Ocean Areas Only 
ZONAL 

I I I I 1 I I 1 1 I I I I I I I 1 I I I I I 1 1 I 1 I I 1 I I 1 I 1 1 AVERAGE 
3 

d 

12 8 d  

12 14 

f l + q  7;s 0 
I2 14 1 5 - m 2 2  13 16 w 2 7  
32 30,32-24 16-19 

12 10 6 6 13 14 14 1 1  12 20 14 19 17 15 17 14 13  16 9 

15 13 17 13 12 10 12 10 10 13 9 11 13 7 14 1 3  16 9 19 15 

14 23 23 

18 

?4&0 18 

16 9 8 

12 

8 

10 

6 
\ 

13 

9 

13 

13 

16 

8 

1 1  

9 1 1  9 r  

3 

2 

4 

7 

9 

12 

14 

14 

15 

19 

24 

30 
37 

42 
47 

51 
45 

47 

53 

51 
49 

47 

47 

44 

36 

27 

21 

17 

14 

12 
9 

8 

6 

10 

Map 28 GLOBAL AVERAGE (OCEAN) 34 % 



March, April, May (1952-1981) 

- 

- 

- 

Cumulus 

38 32 37 40 40 37 31 36 37 35 34 33 31 26 31 2a 

22 20 15 15 19 25 35 35 35 29 25 20 21 23 17 25 19 21 12 31 

26 32 25 15 3; 44 37 39 39 43 39 37 34 33 35 33 33 33 33 35 34 39 39 
/ \ 

I Y 3 2 3 8  40 45 45 39 35 32 34 33 30 30 29 29 26 24 25 29 3 2 v - 3 6 - 2 7  21 

19 16 l e i 9  f F  r115 14 22 24 26 19 15 15 1 7  20 
2 r  34 34 35 35 31 30 27 26 21 24 22 24 20 17 18 18 18 20 23 25 24 23 23 % 23 21\26 / 31 34 30 29 31 35 33 30 28 27 26 25 26 22 24 28 29 

-29  19 1 1  17 16 1 5  17 18 19 14 16 16 1 1  12 10 14 16 14 13 14 12 1 3  14 14 20w9  22 17 18 27 21 21 20 18  21 18 19  20 22 20 

14 12 7 14 1 1  1 1  17 14 17 12 20 15 13  10 11 19  !3&8 -15 10 d l  13 15 25 16 12 

4 13 11 10 18 

7 13 1 3  12 16 12 10 '  16 7 13 5 9 13 9 11 9 10 8 6 6 7 2 8 5  

14 17 14 14 13  15 19 20 23 21-20 16 13 16 14 16 14 12 12 17 14 18 17 1 5  7 1 5  13 1 5  16 12 30 11 16 16 16 23 
cy 

19 18 21 13  11 15 3 9 8 1 6  8 12 13  8 9 9 7 

10 7<3J-Tr-9*3 8 8 6 9 2  7 

Frequency of Occurrence (%) 

- 

Ocean Areas Only 

5 

11 9 - - 

' 3  

90"  N 

60"  N 

30" N 

0 "  

I I I I I 1 I I I 1 I 1 I I I I I I I I I I I 1 I 1 1 I 1 I I I 1 I I 
5 

1 1 1 -- 
4 1 1 -- 

14 

10F-10  

22 1 2  15 16 13  

- 

- 
24 2?,23-24 16-12 

*30.3&30 29 33 
f i  

- 
4'8 1 3  8 . 1 1  26 35 uw 

33 13.24 2 6 s O  f I 
'$ 

I \  
14 18  44436 39 37 37, j 8  

>\><I 65 66 57 53 47 52 54 5 - 
63/64 68 68 68 62 49t50 51 48 4 

- 
/ 

65 67 65  64 64 60 57 51 53 

Q 51 62 66 64 61 59 62 58 53 53 53 47 

40 55 57 57 55 53 58 56 53 51 48 48 3 5 6  62  67 66 65 63 56 48 50 3? 

/ 
1 \ 

Y - 
51 53 52 56 58 55 54 52 46 46 47 59 57 59 50 35 49-49 43 50 48 45 46 41 46 46 54 49 53 56 62 59 63 66 69 69 70 68 65 63 58 55 49 41 41 33 ;4 

\ 
56 55 57 52 54 57 53 53 50 48 51 57 50 33 29 v '45 54 51 49 43 49 42'47 45 50 52 53 55 57 61 60 56 62 61 60 59 57 48 44 28 25 28 21 

46-53 54  52 49 45 44 40 42 42 41 46 50 44 53 54 54 53 57 54 56 55 46 39 33 28 26 1 5  / 
5 \ 

51 54 55 48 55 47 45 45 45 46 34 25 

43 56 54 49 45 43 42 46 38 42 41 37 35 35 35 39 33, 45 54 48 47 45 43 44 42 40 37 40  36 37 41 42 46 46 51 54 50 44 44 47 39 37 35 27 - A n  c 
3 u -  s 

60"  S 

90" s I 
I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
30" E 6 0 "  E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 90"  w 60"  W 30" W 0 "  

Map GLOBAL AVERAGE (OCEAN) 34 Z 

ZONAL 
AVERAGE 

5 

2 

4 

8 

9 

13 

13  

13 

14 

17 

23 

29 

37 

45 

50 

53 
47 

49 

54 

54 

52 

49 

45 

42 

34 

26 

18 

16 
14 

12 
9 

7 

7 

5 

29 



90"  N 

60 "  N 

30" N 

0 "  

30" S 

60"  S 

90 "  s 

10f 1<14 1 1  L. 1 1  14 16 15 0 7 13 13 16 

10 20&0 - 1 1  w 
4 5 1 1  12 

10 

23 
I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 I I 1 I I 

Cumulus 

Frequency of  Occurrence (Z) 
June, July, August (1952-1981) 

- 

- 

- 

Ocean Areas Only 
ZONAL 

1 I I I I 1 I I I I I I I I 1 1 I I 1 I 1 1 1 I I I I I I I I I I I 1 AVERAGE 
5 
3 

3 

6 

7 

10 
10 

9 

10 

16 
20 

39 
47 

46 
44 

44 

39 

49 

53 

50 
4 6  

43 
41 

35 
29 

25 
10 

Map 30 GLOBAL AVERAGE (OCEAN) 33 Z 



3 

3 

9 9 15 13 20 16 15 12 

13 1 1  15 14 13 1 1  15 14 10 13 9 7 10 7 
7 1 0 8  1 5 8  8 7 

I 

- 

- 

- 

9 0 " N .  

6 0 " N  

30" N 

0" 

30" S 

60" S 

90" s 3 

Cumulus 

Frequency o f  Occurrence (%) 

September, October, November (1952-1981) Ocean Areas Only 
ZONAL 

I I I I I I I 1 I I 1 1 I I 1 I I 1 I 1 1 I 1 I I 1 I I I I I I I I 1 AVERAGE 

Map GLOBAL AVERAGE (OCEAN) 33 % 

2 

6 

4 

7 
8 

11 
15 

16 
18 

22 
31 

40 
46 

48 
50 

48 
41 

50 

53 

48 
46 

43 
41 

36 
30 

25 
19 

13 

1 1  

31 



J 

r 

34 1 34 

Cumulus 

6 0 " s  - 

- 

9 0 "  s 

Amount- When - Present (%) 

46 47 55 55 54 60 53 50 42 4 6  

40  42 

39 45 41 

50 40 40 50 43 50 50 47 42 44 40 62 57 52 49 52 

56 46 53 49 52 40 49 54 50 51 40 52 49 50 54 56 52 54 57 49 54 

36 2% 3 6 a - 4 3  * - 6 0  56 51 66 59 41 40 

- 

3 3 -  , 4 4 7  

50 72 52 47 

77 

29 39 Q - 

I I I I I 1 I 1 I I I I I I I I I I I 1 I I I I I I I I I I I 

December, January, February (1 952 - 1981) Ocean Areas Only 
ZONAL 

51 

44 

47 

51 

49  

47 

46 

44 

41 

38 

35 

34 

33 

36 

35 

33 

33 

33 

33 

33 

33 

34 

37 

42 

47 

49 

50 

51 

49 

32 

Map 32 GLOBAL AVERAGE (OCEAN) 38 Z 



I 

Cumulus 

Amount- When- Present (X) 
Ocean Areas Only March, April, May (1952-1981) 

I I I I I I I I I I I 1 I I I I I I I I I I I 1 I 1 I I I I I I I I 1 I 9 0 "  N 34 34 1 

ZONAL 

AVERAGE 

69 51 51 67 63 

- 53 51 /47 4 

41 46 56 
fK e c 3  

37 40 41.6147 45 40 

- 
40 46 54 37 43 51 50 47 40 39 44 42 

40 60 50 51 52 53 53 45*50 - - 
47 52 51 47 51 49 46 62 57 50 59 50 

40 46 53 52 60 50 

55 66 66 -36 53 

64 

42 

66 

47 

47 

45 

63 

41 

39 

36 

35 

34 

34 

35 

34 

32 

33 

33 

34 

34 

34 

36 

30 

42 

51 

90" s I I 
I I I I I 1 I 1 I I I I I I I I I I I I 1 I I I I I I I I I I 1 I I I 3 30" E 6 0 "  E 90 "  E 120" E 150" E 180 " 150" W 120" w 9 0 " W  60"  W 30" W 0 "  

GLOBAL AVERAGE (OCEAN) 38 % Map 33 



June, July, August (1952-1981) 

Cumulus 

Amount- When - Present (X) 
Ocean Areas Only 

I 1 1 I I 1 I I I 1 1 I 1 I I I I I I I I I I I I I 1 I 1 I I 1 I I 1 
- 36 

90"  N 

- 
52 V 

- 
0 a 

26 33 37-=49 44 45 

- 
52 

6 0 " s  - 

90" s I I I I 1 1 I I I I 1 I I I I I I 1 1 1 I I I I 1 I I I I I I I I I I I 
90"  w 60" W 30" W 0 "  30" E 60" E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 

ZONAL 
AVERAGE - 

36 

43 

40 

42 

38 

43 

46 

45 

40 

36 

35 

34 

35 

37 

36 

37 

35 

32 

34 

- 

- 

- 

36 

36 

35 

36 

37 

39 

- 

Map 34 GLOBAL AVERAGE (OCEAN) 38 % 



I '  

- 

- 

\ -  
35 32 35 30 37 40 37 39 35 34 36 36 40 37 35 32 
Y 

30 30 35 40 39 36 30 41 41 37 39 39 34 36 39 44 30 - 
> 

36 31 
/ 
34 

I 
36 35 35 37 35 31 36 36 36 35 
35 40 36 36 30 30 41 

1 1 9 4  35 33 35 35 33 33 35 35 34 35 36 35 36 36 37 40 4 O v - 3 2 - 3 5  

41 :7 $36 39 2 

35 37 37 30 43 40 41 43 41 30 40 41 30 39 39 34 43 40 42 39 37 36 37 

45 40 41 32 34 34 42 41 44 39 41 42 39 37 30 
50P 41 32 35 

46 55 49 47 53 50 

47 

60"  N 

30" N 

0 "  

30" S 

60"  S 

9 0 "  s 

Cumulus 

Amount-When- Present (x> 

* 1 67 47 50 45 t I 53 60 53 I 
A 7  A7 

I I 
I I I I I I I I 1 I I I I I I I I I I I I I I I I 1 I I 1 I I I I I I 

30" E 60"  E 90"  E 120" E 150" E 180 " 150" W 120" w 9O"W 60"W 3 0 "  W 0 "  

48 
44 

43 
46 

45 
43 

42 
39 

36 
35 

34 
34 

35 
37 

35 
33 

34 
36 

36 
35 

35 
35 

38 
41 

GLOBAL AVERAGE (OCEAN) 38 Z Map 35 



- - -0
 0
 

3
 

-0
 0
 

M
 

3
 

-0
 0
 

(D
 

3
 

-0
 0
 

cn 

3
 

0
 

- 0
 

cv 
- 3
 

0
 0
 

Ln 
- 0
 

-
0
 

00 
F

 

w
 

0
 

-
0
 

Ln 
F

 

w
 

0
 

-
0
 

cv - w
 

0
 0
 

cn 
- w

 

0
 

(D
 

0
 

- w
 

0
 

M
 

0
 

- 

-
-

N
m

u
l

n
b

b
b

Q
-

N
o

l
n

9
b

9
9

b
b

9
9

l
n

u
N

o
 

c
-

c
c

c
c

c
c

c
c

c
c

c
c

c
c

 o
m

 

I
 

r
 

S
 

-
 
0
 

v
) 
U
 

a, 
4
 

S
 

U
 

a, 
0
 
0
 

L
 

n
 

5
 

m
 I 

cv 
Ln 
m

 

7
 

7
 

W
 

r
 

U
 
3
 
4
 

a, 
G
 

I
 

I
 

i
 

I
 

U
 
3
 

S
 

U
 
7
 

L
 c 

a, 
4
 

a, 
0
 

a, 
0
 

E 

9
o

l
n

l
n

 
"

Z
 

m
b

 

9
b

 *
*

O
N

 IN 

N
c

 

m
 

m
 
:;I B l

n
m

 
:t 

o
 

m
 

ln
 

m
 

0
 

b
 

b
 

0
 

0
 

N
 

c
 

c
 

c
 

c
 

c
 

c
 

r
 

c
 

c
 

4
-
 - - 

m
o

o
 

c
c

c
 

W
 

+
 

I= 
3
 

0
 

0
 

rn 
U
 
L
 

0
 

>
 

a
 

o
o

 

m
N

 

\ 
9

-
 

I 

Z
 

0
 

cn 
0

 

Z
 

0
 

Z
 

0
 

v
, 

0
 

M
 

0
 

v
, 

0
 

v
, 

0
 

0
 

0
 

0
 

(D
 

0
 

M
 

0
 

cn 



3 

3 

9 0 " N  - 

6 0 " N  - 

3 0 " N  - 

0 "  ' 

30" S 

60"  S 

90"  s ! 3  

March, April, May (1952-1981) 

Cumulus 

Average Cloud Amount (X) 
Ocean Areas Only 

I I I I I I I I I I I 1 1 I I I 1 I I I 1 I 1 I I I I I 1 I I I I I I 
2 

0 

* 
-- 0 0 

2 0 0 
-4 

3 

1 5 6 8 8 5  3 

&J 

7 -  5 

h 10 10 11 12 12 12 13  13  14 14 1 5  15 16 16 1 5  16 16 15 14 12 12 11 10 1 0 ' 7 \ 7  10 10 13 1 4 1 6  16 16 16 16 17 17 16 16 15 15 16 14 14 12 
I 1 

> 18 19 19 20 19 19 20 20 20 19 1 7  1 5  13 10 10 10 11 8 8 12 11 16 15-16 18 19 20 19 19 18 18  17 18 17 17 7 \' 
21 21 21 20 20 20 21 22 l e 1 8  17 15 13  12 11 12 14 15 12 11-10 9 16 19 18 18 20 20 21 20 19 19 17 17 16 16 3 

< \ / I  -9 

i 4 2  5 2 . 3  8 13 u- 
13 3 . 7  8 ' 9  I " 1  

'3 
I \  

B 
4 5 13.10 11 10 11, j 5  77 4 

' $ 6 4  18 19 16 15 15 16 

18/19 20 20 20 18 15[16 

18 20 21 20 20 20 21 25 27 23 21 22 19 20 20 19 17 17 16 15 1 5  17 17 18 18  18 17 13 11 8 19 20 17 19 17 20 20 19 18 ,18  18 18  15 4 \ 9 

7'6 16 1 5  14 14 1 5  15 14 17 

4 
17 18 16 16 16 18 18 21 20 14 14 19 17 17 17 15 14 13  12 13  13  15 14 1 5  15 16 17 15 12 h l f  ' 7 . 1 9  19 18 18 '19  18 19 17 8 12 13 14 16 1 5  

1 

I / 
20 20 20 19 20 18 17 16 16 17 15 21 20 17 19 19 18 16 20 16 18 17 16 17 19 19 19 17 17 15 14 12 16 

16 17 15 20 19 22 20 20 20 20 19 20 18 17 20 19 18 16 16 1 5  15 13  13  8 +*17-17 17 17 18 18  19 20 20 19 17\13 
/ f 

0 20 25 19 20 19 18 18 17 17 4 12 18 19 19 17 17 19 18 17 16 17 15 17 16 20 21 19 18 18 21 19 20 21 20 19 19 19 18 18 17 16 16 9 < 7  18 20 21 21 21 22 20 19 1 9  14 \ 

I 
1 19 20 20 20 19 18 18 16 1 3  1 3  14 

I 17 18 22 20 17 16'14 13 11 11 7 \ 

\ 

13,12 / 16 16 19 16 17 1 5  14 12 12 12 7 

13 16 1 5  16 1 5  15.15 13  15 12 11 11 11 

12 10 13 14 14 13 12 12 12 12 13 11 11 10 11 8, 
r 9  13 13 13  13  11 6 9 8 6 9 6 8 5 l i  

12 9 7 6 7 9  

10 1: 

\ 
8 

1 
16 18 17 18 19 19 18 18 17 17 17 20 17 17 14 10 14-16 i5 17 16 16 15 14 17 16 19 18 17 19 20 19 19 20 21 20 20 20 19 18 17 18 16 15 16 14 

17-1'6 16 1 8  17 17 20 16 17 16 16 16 10 6 

\ I 

/ 

19 17 18 16 18 19 19 19 19 17 19 19 15 9 7 '15 19 18 16 1 5  17 15'17 1 5  17 17 17 17 19 21 20 17 19 18 19 18  18 15 14 9 10 12 8 6 
\ 
16-18 19 16 17 16 15 14 15 14 14 15 17 14 17 19 17 16 18 16 17 17 15 15 10 10 9 6 6 

\ 
15 17 17 16 16 15 16 15 14 13 13 12 13 14 14 15 16 16 17 1 5  14 14 16 14 13  13 9 6 > 

10 15 10 5 
I 

12 16 13 13  13  15 13 13  12 12 12 11 12 12 12 12 12 12 13  

/ 
5 

\ 
10 1 1  1 2 s 3 - 1 4 - 9  

13  18 18 16 15 15 15 16 13 15 14 14 13 13 13 15 11 
/ 

L 9  13  15 16 14 12 1 1  12 12 12 11 1 1  10 10 9 
2 13 13  13 12 1 1  1 1  10 9 9 8 9 8 7 7 8 7 8 9 9 9 9 9 

6 8 6 6 7 8 10 8 8 6 7 7 4 5 4 6 7 7 6 6 5 5 6 5 7 y O  8 6 7 9 7 7 8 7 7 8 9 8 

7 10 7 7 8 8 10 12 12 9-10 
7 

4 5 7 1 4 4 8 5 6  7 4 6  5 5 2 6  5 4 8 
8 8 16 9 6 6 9 6 8  6 4 6 10 8 8 7 4 7 

1 1  10 1 1  

8 5 6  9 4 9 4 3 10 5 8 6  6 4 5 4  4 8 6 5 

1 n - 4 - 1  3 3 5 3 5  1 
L 3 - J  

8 

1 

I 

I I 1 I 1 I I I I I I I I I I I I I 1 I I I I I I I I I I I 1 I I 1 I 
30" E 60" E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 90" w 60"  W 30" W 0 "  

ZONAL 
AVERAGE 

Map GLOBAL AVERAGE (OCEAN) 12 % 

2 

1 

2 

4 

4 

6 

6 

6 

6 

7 

9 

1 1  

13  

15 

17 

18 

16 

17 

17 

18 

17 

16 

15 

14 

12 

10 

7 

8 

7 

6 

5 

3 

4 

1 

37 



90"  N 

- 5 

- 
I 

I I 1 1 I 1 I I I I I I 1 I I I I I I I I 

60" N 

- 

- 

30" N 

0 "  

30" S 

60" S 

9 0 "  s 

Map 

Cumulus 

Average Cloud Amount (%) 

38 GLOBAL AVERAGE (OCEAN) 12 % 



I 

Cumulus 

Average Cloud Amount (%) 

September, October, November (1952-1981) Ocean Areas Only ZONAL 

I I I I I 1 I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I 1 90"  N 1 1 I 
AVERAGE 

60" N 

30" N 

0" 

30" S 

60" S 

90" s 

7 r y a  6 7 6  6 9 9 9 9 

D 

B 

E ' b " 9  7 7 8 7 6 7 7 7 7 7 7 7 7 8 8 8 8';"5 

8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 8 . 4  

1 1  1 1  10 10 1 1  1 1  1 1  11  1 1  1 1  1 1  12 1 1  1 1  1 1  10 5 

13 17 13 14 14 14 14 13 14 14 14 14 13 13 12 1 1  7 5 10 

e l 0  10 10 14 1 1  1 1  1 1  1 1  9 

16 15 16 1 4 1 7  17 16 17 18 18 18 18 18 18 17 18 13 
Q3' I / 

0 < \ [ I  -, 'I 
16 16 17 16:;7 18 18 19 20 20 19 19 19 19 18 17 5 

L,bfb>.19 18 16 16 14 14 15 14 13 

7 '9 19 19 21 21 20 19 18 

r 
$ 

16 16 16 16 18 15 15 14 14 14 14 

10 14-15 16 16 17 17 17 18 17 17 17 16 16 16 
2 \ 

4 \!t 
16 16 15 15 16 16 17 17 17 18 19 19 17 18 17 17 18 16 14 13 1 1  11  9 - 7 \ 9  

15 16 17 17 18 19 19 20 20 20 20 20 20 21 21 20 18 16 14 12 1 1  12 12 1 1  14 

16 17 17 18 19 20 20 21 20 21 21 22 22 21 18 19 18 17 16 14 14 15 17 18 16 14-13 13 16 17 17 18-19 19 20 20 19 19 18 19 17 14 6 

16 18 17 17 17 19 24 20 20 20 20 20 22 17 17 16 15 16 16 15 17 16 16 16 17 15 12 13 12 15 18 18 19 17 19 18 18 18 18 19 18 16 10 16 
8 7 loa10 14 13 11,)15 17 1 6 ~ 1 3  \ 7 7  4 

' $ 4 1  17 18 18 14 13 17 19 18 

14/16 18 19 19 17 15c15 16 15 
\ 

I 
17 20 16 15 15 17 15 15 14 16 13 13 14 12 11 12 12 12 12 12 1 1  13 12 1 1  13 

19 18 18 16 22 19 20 19 21 19 21 19 18 18 19 18 15 16 12 10 9 8 9 10 12 

20 18 22 20 21 23 21 21 21 21 23 19 19 18 17 17 15 12 10 8 7 6 7 8 

19 1 7  19 17 16 16 16 17 17 14 19 18 20 20 19 21 19 22 22 21 21 19 18 16 13 12 9 8 5 4 

& 
2320.20 22 21 18 18 

f 

16 15 19 20 20 17 17 17 1 7  17 17 20 21 21 20 18 14 10 16-16 l-8 17-18 16 17 14 16 18 17 17 18 18 20 18 20 19 19 20 21 20 18 16 14 11  10 1 1  6 4 

15 16 15 22 19 19 19 18 17 16 17 17 17 18 17 15 6 7 '17 20 20 17 16 16 15'16 18 16 17 18 17 20 21 19 19 20 19 17 17 16 13 1 1  8 5 4 
\ 
16-17 18 16 17 16 15 14 14 15 14 15 15 15 16 16 15 15 17 19 20 17 15 1 1  8 8 8 ) I  . / 

10 16 16 16 17-17 16 16 16 14 16 13 14 15 14 16 1 1  

10 14 16 13 14 13 13 13 1 1  1 1  1 1  1 1  1 1  10 12 14 13, 

4 

\ \ 1 1  10 11  12 16 16 14 15 14 14 14 13 13 12 13 12 12 13 14 14 17 16 16 16 

1 1  I 

I 
10 14 13 12 12 13 12 1 1  12 1 1  10 10 1 1  10 9 1 1  12 14 13 

\ 
12 12 1 1  10 10 10 1 1  9 9 8 8 9 8 9 10 1 3 & 9 * - 1 1 - 9  6 

1 1  1 2 1 1  1 0 1 0  9 8 8 8 7 8 7 7 8 8 11  1 1  10 9 9 k $ 9 ~ 9 / 1 0 1 1  10 9 9 9 10 9 8 9 1 0 1 0  8 

7 5 8 1 2 9  8 9 8 8 6 6 5 9 8 8 7 8 9 8 9 1 1 - 1 0 9  8 7 7 6 8 9 8 

6-  
6 7 6 9 8 7  6 

8 6  7 6 7 5 5 8 5  

4 5 4 8 4 4 4 
j 5  10 7 

3 
- 

I 

7 6  

16 20 17 15 12 8 6 4 4 5 8' 

16 17 16 16 11 10 9 '6 5 6 

4 
\ I 

I 
8 , 9  13 15 16 15 12 13 10 8 8 8 6 
/ 

8 8  10 12 13 1 1  1 1  12 13 1 1  12 10 9 9 

1 1  6 7 7 10 15 13 13 1 1  10 10 9 10 9 11 10 1 1  9 
> / 

/ SJ 
6 6 12 12 1 1  1 1  10 1 1  9 

5 1 1  

7 4 4  5 

7&5 - 4  3 -4 

5 4 5  1 

8 9 6 8  

7 

8 

2 - 3  t 

t- I I 

I I I I I I I I I I I I I I I 1 I I I I I I 1 1 I I 1 I I I I I 1 I 1 1 
30" E 60" E 90" E 120" E 150" E 180 " 150" W 120" w 9 0 " W  6 0 " W  3 0 " W  0 "  

2 

2 

3 
4 

5 

7 

7 

8 

9 

12 

14 

16 

16 

17 

17 

15 

17 

17 

16 

15 

15 

14 

13 

1 1  

9 

8 

6 

6 

GLOBAL AVERAGE (OCEAN) 12 Z Map 39 



90" N 

60"  N 

30" N 

0 "  

30" S 

60"  S 

90 "  s 

19 16 10 4 4 4 4 4 6 8 7 6 5 3 6  5 5 5 1 0 2  3 4 4 4 2 2 2 6 6 6 5  

9 7 6 5 2 5  3 3 4 3 3 2 3 2 3 3  6 1 0 3 4  1 2 5 14 3 12 3 - 3  2 4 3 3 8  9 9 

Cumulonimbus 

Frequency of Occurrence (%) 

December, January, February (1952-1981) 

- 

- 

Ocean Areas Only 
ZONAL 

I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I AVERAGE 1 1  

14 9 16 16 

14 2 6 q -  

0 2 4 5 

-2 
- L a 3 <  

2 / -3  
4 4 n - 3  -1- 3- 1 -  0-0 - 2 - 1 4 4 14 19 5 8 3 5 7 

13 1 2 1 0 

I I I I 1 I I 1 I I 1 I 1 I I I 1 I I I I I I I I I I I I I I I I I I 

180 " 150" W 120" w 90" w 60"  W 30" W 0 "  30" E 60" E 90" E 120" E 150" E 

1 

1 

10 

15 

22 

1 5  

11 

10 

9 

8 

9 

8 

8 

8 

9 

10 

14 

16 

15 

16 

15  

14 

12 

11 

8 

6 

6 

5 
6 

6 

5 

5 

3 

2 

Map 40 GLOBAL AVERAGE (OCEAN) 10 Z 



I 

- 

- 

- 

- 

- 
- 

- 

- 
- 

_. 

- 

3 

I 
6 4 4 5 5 7 8 8 7 7 7 8 9 9 8 1 0 1 0 1 1  1 2 1 0  8 7 6 5 4 4 - 3 \ 3  

f q 6 - 5  
8 8 9 10 10 11 12 10 11 12 13  1 1  13  13  12 11 9 12 12 11 10 7 5 4 4 3 2 

5 6 8 9)9* 9 10 9 1 0 1 0 1 0 1 1  1 0 1 1  9 7 5 5 8 

7 

h 

I / 

O < \ f t  -T- 'r 
\' 4%54?--Y /r 

9/10 10 9 8 1 1  

26 26 26 30 24 29 24 22 21 25 20 13  15 12 10 11 12 12 11 1 1  10 1'0 1.1 10 5(5 

? t  1 

9 2 ,  2 2 ~ 7  /"-E, 6 10 1O:;O 11 12 12 11 12 12 11 10 9. 8 5 2 

4 
1 

- 
B 

f 
'> 

I \  
1 2 3 . 2  3 3 4 5 6 7 ~ 7  5 8 8 9 12 13  14 14 14 14 13  13  13 14 15 17 14 13  10 10 13 13  12 111 8 6 5 5 4 3 4.5 6 13  15 ,13  13'12 13  13~1'3 12 11"lO 9 $5 4 

\ cc \"7,* 
' i d 4  4 5 5 \5 15 15 16 15 15 15 9 4 14 14 13 1 5  13 12 10 11 12 10 11 8 9 9 7 9 9 10 8 9 9 19 13  9 12 14 14'13 11 9 . 8 '  61 5 41 1 

> 17 17  19 26 20 19 18 21 

+*17-19 23 22 17 15 14 

' b 3 f  ' 2 . 1 5  1'4 14 11;,9' 10 7 6 5 12 22 14 15 20 
- 

\ 

I 
3 '  17 16 11 13 11 10 9 6 5 5 7 

16 18 12 13 15 14 1,3 9 5 4 3 

3 

7 4 

19 19 22 20 20 17 21 17 17 19 24 14 14 14 14 1 5  13  14 16 17 17 17 18 22 19 17 18 1 5  14 1 
/ 

1 1  1 1  15 15 14 18 19 23 21 25 23 22 19 16 17 17 16 14 17 13  14 14 15 13  12 10 9 9 11 12 1 5  13 1,2 14 
/ < f  

8 

\ -  

0 16 14 14 1 5  16 19  17 19  23 22 24 25 24 22 25 17 18 15 14 12 15 1 3  16 11 12 10 11 14 13  12 12 1 3  14 1"4 9 1 

, \  

1 \ 24 22 21 18 18 19 19 22 23 

24 18 20 22 20 18 19 17 21 21 22 15 1 5  12 9 8 10-13 13  1 3  17 18 20 20 19  25 24 26 23 25 21 22 18 17 14 1 5  11 10 10 10 9 9 10 9 6 5 4 
\ I 

' I  \ -  

\ -  

1 9 , l l  1 5  13  11 15 7 11 12 liO 8 ,  4 

5, 8 11 112 1 3  10 12 9 10 10 9 11 '9 7 7 5 
/ 1'1 11 13  13 13  17 12 13  11 10 8 

19 19 18 16 16 14 13 14 12 8 8 4 4 

1 5  15 13  15 15 11 13  10 9 9 3 4 

v'9 12 14 14 15 15 17'18 19 18 22 22 20 18 17 18 21 17 16 14 14 13 1 5 4 6  15 11' 9 4 3 
\ 
10-11 9 10 13  13  13  14 14 15 13  16 14 18 15 15 18 14 16 17 16 14 18  17 19  1 1  5 4 3 

\ 
12 12 13  10 11 12 10 11 13  13  9 1 3  11 12 12 1 5  14 1 5  15 16 20 18 15 14 9 8 4 3 > 
10 14 13  12 12 12 13 13  14 13  11 12 10 1 1  9 11 11 11 11 

/ 

\ 
5 

I 8 9 8 2  
13 12 14 15 1 5  11 13  14 16 12 11 14 13  11 8 9 5 
1 8 1 1  1 1  13 10 10 11 11 10 13 12 10 1 1  11 11 1 1  

8 10 10 11 10 1 1  8 10 11 10 8 9 8 11 9 10 9 12 13  10 9 9 9 

9 10 9 w - 1 2 ' 9  

- 6  4 10 7 9 3 5 7 9 9 6 5 8 8 5 6 1 1  8 1 0 1 0 1 1  7 8 

I Y- 
7 2 6 7 6 8 1 1 1 1 1 3 1 2 7  8 1 0 1 0 6  6 6 7 5 9 - 

7 15 5 4 6 9  4 5 9 1 1  6 5 1 2 9  

P A  5 3 3 9 1 1 3 5 7 9  6 6 6  3 3 3 4 2 2 3 4 5 5 -6  - 
5 5 3  8 6 11 9 5 5 8 8 9  13 6 15 g A 4 - 6  3 -5 7 8 6 7 4 

11 10 10 1 1  6 5 3 4  4 8 3 12 7 9 9 

12 8 13 8 9 8 3 4 7 8 4 1 2 1 7 9 7 2  
8 6 4 2 5 5 8  - 

6 5 12 10 

10 6 8 

3 1 
3 32 5 7 11 3 3 1 

9 
-L-5--3 6 e - 9  - 5 - J  

0 z 3  - - 
I I I I 1 1 I I I I 1 I I I I I I 

30" E 6 0 "  E ' 90'" E I I 12d" E ' 15;" E I 180 " 1 50'0 w 120'0 w ' 90bW 60!' W 30'W ' 0 "  
1 I 

Cumulonimbus 

Frequency of  Occurrence (%) 

Ocean Areas Only March, April, May (1952-1981) 

I I I 1 I I I I I I I 1 I I I I I I I I 1 I I I I I I I I I I I I I I I 90"  N 2 2 I 

ZONAL 

AVERAGE 

60" N 

30"  N 

3 
0 "  

3 

30"  S 

60" S 

90" s 

6 

1 

9 

14 

15 

10 

8 

7 

6 

6 

6 

6 

8 

9 

10 

10 

15 

18 

17 

17 

15 

14 

13  

12 

11 

10 

8 

6 

7 

7 

6 

7 

3 
0 

GLOBAL AVERAGE (OCEAN) 10 % Map 41 



Cumulonimbus 

Frequency of  Occurrence (%) 

June, July, August (1952-1981) Ocean Areas Only ZONAL 

I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I i i AVERAGE 
3 i 3 

90" N -- 2 1 1 9 9 2 

2 1 1 0 -- 6 6  

10 

7 

f 7  

- 3 3  

- 
B - 

\ -  

6 6 8 10 12 9 10 12 12 13 13 12 9 9 7 7 

7 9  15 7 14 10 13 17 14 15 12 7 13 10 8 lo' - 

5 - 7  9 9 9 8 9 10 10 12 9 10 8 10 10 8 13 12 12 13 13 14 20 15 16 9 8 6 3 

8 8 9 3  

10 13 3 
/ 

7 8 

\ 
8 14 14 10 12 12 13 13 13 12 14 8 13 12 1 1  1 1  10 1 1  13 14 6 
I 
10 17 19 15 16 14 15 14 17 15 15 15 13 1 1  13 12 15 9 1 1  

5 13 30 

23 - - 
5 

\ 

Ir 

5 19 4 3  

- 8 - 

3 

4 

4 

6 

6 

4 

3 
3 

4 

7 

9 

13 

14 
15 

16 

19 

15 

13 

14 
12 

1 1  

1 1  

1 1  

12 

13 
13 

60" N 

30" N 

0 "  

30" S 

60" S 

90"  s 

- - 

I I 1 I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I 1 1 

90"  E 120" E 150" E 180 " 150" W 120" w 90"  w 60" W 30" W 0 "  . 30" E 60" E 

Map 42 GLOBAL AVERAGE (OCEAN) 11 % 



1 

, 3  

' 3  

Cumulonimbus 

Frequency of Occurrence (x> 
September, October, November (1952-1981) Ocean Areas Only ZONAL 

I I I I I I I 1 I I 1 I I I I I I I I I I I I I I I I I I 1 I I 1 I I 1 
AVERAGE 

I 2 90"  N 2 

60" N 

30"  N 

0 "  

30" S 

60" S 

90"  s 

1 n 3 

7 

23 9 

12 

11 

10 

8 
7 

7 

8 

9 

12 

13  
14 

17 
19 

14 

13  

1 3  

12 

11 

10 

9 

8 

- -- 6 1 1 0 2 

10 1 1 0 2 
10 

17 

20 

10 8 13  
j - 8  

/ 

- 
B - - 

\ -  / 
3 6 8 6 8 8 7 8 9 10 9 9 9 7 6 6 

2 9 9 9 1 0 1 0 1 1  8 8 10 7 6 7 9 9 1 0 1 1  9 1 3 1 2  7 4 1 0 5  5 3 

8 9 7 3  
I 8 7 8 9 1 0 9  8 9 1 3 9 1 1 9  8 1 0 8  7 5 

8 1 1  1 1 1 1  11 10 9 10 8 9 9 8 9 6 1 0 1 0  9 8 6 1 ->9 8 7 8 8 8 9 10 7 8 8 8 7 11 12 9 10 9 \ , , - 7 - 5  13 
~ 4 1 0 1 0 8 7 4 6 7 1 1 4 8 7 8 5 1 ~  9 - - 

1 1  9 11 12 8 9 

% f 10 9 1 1 1 1 1 1  8 6 7 7 8 7 6 7 9 9 1 3 1 1  1 3 1 1  11 9 8 8 1010-7 8 9 9 8 9 9 8 7 7 9 1 1 1 0  

7 5 5 6 12 10 11 12 7 9 9 9 8 10 13  8 8 12 12 11 12 13- 11 8 5 8 7 6 5 7 7 12 

3 - - 4 9 19 6- 7 7 5 9  7 7 10&5-7  4 ~ 3 7 

1 4 4 1 1 3 8 5 6  1 

2 3 2 2  1 0 4  

2 2  4 3 1 4 - - 
0 

1 
0 - - - 

I I I 1 I I I I I I I I 1 I I I I I I I I I I I I I I I I 1 1 I I I 1 
30"  E 60"  E 90 "  E 120" E 150" E 180 " 150" W 120" w 90"W 60 " W 3OoW 0 "  

GLOBAL AVERAGE (OCEAN) 10 Z Map 43 



Cumulonimbus 

6 0 " s  - 
- 

- 

9 0 "  s 

Amount- When - Present (%) 

03 01 69 

79 
75 62 63 51 69 75 69 64 70 72 76 74 79 
73 70 71 60 71 66 69 73 77 66 69 72 69 70 

- 

73 5 b  61-03- 66 73 67 47 

70 - - 
-z 

I I 

December, January, February (1 952 - 1981) Ocean Areas Only 
ZONAL 

1 I 1 I I I 1 1 I I I I I I I I I I I I I I I I I I I I 1 1 I I I I I 1 AVERAGE 96 "  N 
62 62 

02 

76 

74 

73 

69 

66 

66 

63 

59 

55 

52 

49 

40 

53 

53 

49 

50 

50 

49 

50 

50 

54 

57 

50 

68 

71 

72 

Map 44 GLOBAL AVERAGE (OCEAN) 57 



, 3  

$ 7' 53 60 60 66 64 63 58 59 57 57 57 59 50 59 k4 4d56,6$.56X4- 

/c/ ' 5 6 e  57 56 55 54 54 53 56 57 50 56 57 55 
2 -6'72 73'33 63 65 64 65 64 64 62 62 59 60 60 60 60 50 61 61 50 56 53 

- '71 2@$62 61 61 59 59 50 60 50 56 55 50 50 57 57 50 59 59 59 57 54\ I 
40 49 52 51 52  51 51 51 54 56 50 50 56 

-i 
66 65  50 51 55 53 51 53 51 50 53 53 52 52 50 53 52 54 56 56 59 61 59 57 56-4 

1 
- 'I 

46 50 49 49 49 50 50 57 53 52 47 

44 47 47 40 47 47 50 49 54 46 
4 

0 
53 43143 4 9 3 9  51 -40 

I \  f I / \  
46 46 49 40 47 40 49 50 49 52 51 51 57 60 65 63 56 

44 45 47 46 47 47 40 49 40 51 54 52 50 61 60 63 50 

47 40 47 49 49 46 52 51 51 40 49 52 57 57 59 62 54 

45 

0 
44 34 40a40 41 41 45, j43 50 51 

- ' $ 0 3 5 0  42 45 44 46 50 51 53 51 
r, 

50 42 43 42 45 46 45 47 49 51 52 54 50 \ 

Cumulonimbus 

- 

- 

- 

Amount- When - Present (X) 

- 

- 

- 

- 

- 

- 

March, April, May (1952-1981) 

2 3  55 56 54 56 59 54 55 54 

6-3-51 53 53 40 47 50 

42/44 46 46 46 47 46c47 40 48 

0 46 46 41 47 49 45 40 49 47 47 47 52 

45 50 54 51 52 56 55 54 52 50 53 52 59 53 61 55 60 59 59 6 3  59 56 60 56 46 49 47 49 47 h 2 f  I ' 7 . 4 9  51 50 51 52  59 59 59 54 56 59 57 52 
/ 

43 39 42 40 40 46 47 47 49 47 40 45  51 53 53 51 60 55 52  49 53 46 46 52  48 49 55 53 47 46 40  53 51 43 40 53 51 51 52 55 50 62 

51 40 46 45 49 50 51 55 55 61 

I 
49 49 47 40 45 45 51 56 59 72 66 
1 
47 50 40 40 43 45  50 55 61 63 72 

51 50 51 55 59 6 

\ -  \ 

\ 
51 52 

i 
60 44 

49 49 41 45 30 41 43 44 40 47 42 41 55 44 47 47 51 51 40 40 49 40 45 39 

49 49 52 47 53 40 45 44 47 44 43 47 52 46 48 46 47 50 51 52 54 52 57 44 45 

/ 
/ \ 46 47 47 47 49 50 49 47 47 48 40 52 

40 50 51 47 48 49 51 51 51 52 48 49 46 46 44 46 49-56 <5 49 53 52 52 52 56 45 50 47 46 46 44 46 45 44 43 42 45 44 47 47 46 50 49 

40-db 50 53 53 49 40 52 54 55 53 54 46 41 

\ -  
3 -  I 50 49 47 40 45 49 51 52 53 53 54 53 42 43 42 ld '53 53 54 40 51 52 55'50 47 50 49 40 40 46 47 43 45 47 43 43 45 47 50 51 59 

\ 
57'53 51 40 52 53 51 53 52 54 54 54 51 51 47 51 49 45 45 45 44 50 49 53-50 52  49 55 

/ 
55 53 53 50 55 40 55 53 52 51 53 55 53 50 

61 59 57 49 60 57 60 56 49 57 55 62 59 56 47 

55 61 56 51 

44 53 64 551 

59 

54 

62 

/ 
\ 

\ 
54 40 50 40 52 52 51 53 47 52 56 56 57 56 50 57 50 

\ 
55 46 40 53 50 52 51 53 52 51 50 53 52 49 49 49 50 40 44 47 50 

I 
53 53 53 54 52 53 53 50 50 52 53 49 54 56 50 50 47 47 

) / 

/ Y 
1 

61 72 51 55 50 60 - 
p 6  55 50 52 54 55 59 54 55 54 54 56 54 62 60 58 56 5 6 v 5 2  
56 6 3  60 60 63 59 60 59 60 55 59 50 61 50 59 64 62 63 62 60 59 60 59 52 56 51 52 56 54 54 50 54 54 

61 61 59 60 6 3  57 64 60 50 5 7 E 5  50 

75 00 68 52 73 70 02 
\ 

54 70 
71 65 

69 
L. 

76 60 

50 

Ocean Areas Only ZONAL 

I I I 1 I I I 1 I 1 I I I 1 I I 1 I I I I I I 1 I I 1 I I 1 1 I I 1 I 1 
AVERAGE 

I 47 90"  N 47 

60" N 

30" N 

0 "  

30" S 

60" S 

90"  s 

p 79 

0 0  
50 57 

03 75 71 67 63 

<0L%G 64 67 64 63 64 64 61 60 60 59 59 62  62 61 50 59 56 *59 

I- 

I I 
I I I I I I 1 I I I I I I I I I 1 I I I I I I I I I I I I I I I 1 I I I 

30" E 60"  E 90 "  E 120" E 150" E 180 " 150" W 120" w 90"  w 60" W 30" W 0" 

83 

76 

74 

72 

69 

65 

64 

61 

50 
53 

49 

47 

40 

51 

51 

40 

49 

49 

50 
51 

52 

54 

50 

Map 45 GLOBAL AVERAGE (OCEAN) 56 % 



Cumulonimbus 

I 

I I I 1 I I I 1 I I 
64 

Amount- When - Present (%) 

- 

9 0 "  s 

June, July, August (1952-1981) 

I 

Ocean Areas Only 
ZONAL 

60" N 

30" N 

0" 

30" S 

60" S 

bb&/48 53 ! 

88 

I 

I 

Map 46 GLOBAL AVERAGE (OCEAN) 56 Z 

AVERAGE - 
64 

76 

87 

76 

75 

- 

- 

68 

68 
- 

70 

68 
- 

62 

53 
- 

49 

47 

48 

50 

- 

- 

51 

54 
- 

52 

48 

51 

53 

54 

54 

53 

55 

58 

- 

- 



I 

3 

90"  N 

60"  N 

30" N 

0 "  

30" S 

60"  S 

9 0 "  s 3 

Cumulonimbus 

Amount- When- Present (%) 

September, October, November (1952-1981) Ocean Areas Only 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I 1 I I 
55 

> 
> 09 

59 46 50 50 50 53 53 57 59 54 50 54 56 53 53 52 53 53 46 

5; 56 54 51 40 50 54 40 51 51 55 57 55 56 50 53 52 / j 3 0  64 50 57 53 50 49 57 62 54 61 50 59 50 50 62 59 57 

54 56 55 53 54 60 63 53 60 52 54 61 59 56 63 57 59 62 61 

Ir 

69 79 

47 61'61 55 65 49 60 57 57 57 63 61 61 53 !$ 
55 59 58 61 56 51 

I r 
59 

74 
w 

I I I I I I I 1 I I I I I I I I I I I I 1 I I I I I I 1 I I I I I I I 
30" E 60"  E 90 "  E 120" E 150" E 180 " 150" W 120" w 9 o " w  6 0 " W  30" W 0 "  

ZONAL 
AVERAGE - 

55 

00 

01 

77 

71 

68 

65 

- 

62 

62 

57 

53 

49 

47 

- 

40 

49 

54 

51 

49 

52 

- 

53 

53 

53 

54 

56 

57 

- 

- 

- 

Map 47 GLOBAL AVERAGE (OCEAN) 56 Z 



Cumulonimbus 

1 I 1 

Average Cloud Amount (%) 

- 

- 

December, January, February (1952-1981) 

5 4 2 3 4 3 2  7 2 2  1 1 5 4 4  4 13 1 1  7 3 3 3 3 3 5 6 5  3 3 2 1  

1 3 2 3 6  6 6  4 7 2 2  

2 2- 2 + 2-1- 3 -0 - 0-0 - 2 - 1 3 10 13 3 4 2 3 5 3 3 

- 
1 3 3 6  3 

> 2  
6 5 4 3 2 3 2 3 3 2 2  1 2 2 2 2  1 2 4 12 3 10 

9 0 2 0 0 2&?jkL  O l/l/.p- 
2 o  1 - 

Ocean Areas Only 
ZONAL 

60"  N 

30"  N 

0" 

30"  S 

60" S 

90" s 

0 

8 

12 
17 

1 1  
8 

7 
6 

5 

6 

5 
4 

4 

4 

5 

8 

8 

7 

8 

8 

7 
6 

5 
4 

4 

4 

3 
4 

4 

4 

3 

2 
1 

Q 
Map 48 GLOBAL AVERAGE (OCEAN) 5 % 



I 

- 

- 

- 

I 3 

- 
5 9 2 3 3 5  

1 2 2 2 1 1 2 2 3 3 - 4  5 3 6  5 7 3  4 4  6 7 4 1 4 5  3 1 P A  4 4 7 0  4 3 0 7  
4 7 6 6 6 7 5 6 7 5 5 5 5  6 5 7 6 0 0 6 5 5 5 5 6-4  5 7 6  7 6 5 6  6 6 7 7 6 6 6  5 5  4 

- 4 3 6 5 6 2 4 5 6 6 4 4 4 5 3 4 7 5 7 7 7 5 5 5 6 ~ 7 6 6 5  4 5 5 6 7 5 4 4 4 8  
2 7 0 2 3 4 5  4 4 5  cp - 

3 3 2 5 5  7 0  4 4 6 5  7 1 1  2 4 9 E 5 d 2 - 3  2 -3 5 5 4 5 3 

7 6 6 7 4 3 2 4 3 5  1 0 4 3 6 6  7 5 4 2 2 4  - 
4 4 9 0 

6 5 7 
9 6 1 0 5 6 6  3 3 5  7 3 1 2 1 5 6  

0 7  
4 n - 9 - 3  2 2 2 3 5 7  

7 
-L44 

0 a - 
I 

I I I I I I I I 1 I I I I I I I I 1 I I I I 1 I I 

March, April, May (1952-1981) 

I 

3 

Cumulonimbus 

Average Cloud Amount (x> 
Ocean Areas Only 

ZONAL 

1 I I I 1 1 I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I 90" N 1 1 I 
AVE RACE 

60" N 

30" N 

0 "  

30" S 

60" S 

90"  s 

0 

7 

12 
1 1  

7 

6 

5 
4 

4 

4 

4 

4 

4 

4 

5 

0 

9 

0 

0 

7 

7 

6 

6 

6 

5 
5 

4 

5 

5 
4 

5 

2 
0 

GLOBAL AVERAGE (OCEAN) 6 % Map 49 



90"  N 

60" N 

30" N 

0 "  

30" S 

60" S 

90"  s 

2 I 

r 

Cumulonimbus 

Average Cloud Amount (75) 
June, July, August (1952 -1981) Ocean Areas Only 

ZONAL 

v4 f 7 0 9 9 8 0 7 0 6 9 1 0 9 1 2 1 0 1 0 7  7 7 8 9-6 6 1 0 1 0 8  

5 4 / 5  5 6 7 6 6 7 6 7 6 7 6 
8 1 0 0  9 8 9 0 9 9 7 4 

12 22 9 7 8 1 0 - 1 0 9  9 7 9 1 1 9 1 0 8 1 0 7  4 
19 

L. 

6 

7 

8 

0 

4 4 5 b 1 5 6 6 7 7 7 7 5 5 4 4  O L  
/ 

6 4 

5 6 ' 0  d - 2  

6 $ /  4 5  4 

' F J 0  10 4 8 7 7 9 9 8 6 4 0 7 4 5 

2 

4 1 7  I 1 

1 

3 2  Z&5 -10  

5 

4 
F t 

I 

1 I I I I 1 I I I I I I I I I 1 I I I 1 I I 1 I I I I I I I I I I I 
120" w 90"W 6 0 "  W 30"  W 0 "  

I I 
30" E 6 0 "  E 90 "  E 120" E 150" E 180 " 150" W 

Map 50 GLOBAL AVERAGE (OCEAN) 6 



I 

- 

3 

D - - 

Cumulonimbus 

Average Cloud Amount (%) 

September, October, November (1952-1981) Ocean Areas Only 

9 0 " N  1 1 I 

ZONAL 

AVERAGE 
1 I I 1 I I I I I I I I I I I I I I I I I I I I 1 I I 1 

60"  N 

30" N 

0 "  

30"  S 

60" S 

90" s 

2 

6 

7 

9 

0 

7 

5 

4 

4 

4 

5 

6 

6 

7 

0 

10 

7 

6 

7 

6 

6 

5 

5 

5 

5 

5 

5 

2 

GLOBAL AVERAGE (OCEAN) 6 % Map 51 



Stratus + St ratocumulus + Fog 

23 I 23 

Frequency of  Occurrence (%) 

6 0 " s  - 

- 

90"  s 

December, January, February (1952-1981) 

60 63 74 70 01 02 77 73 72 73 67 

06 03 74 74 73 

07 02 77 73 63 

67 70 69 69 70 70 60 69 79 70 70 00 75 82 76 76 65 77 67 66 

69 76 74 74 75 75 70 77 73 00 70 75 77 79 70 79 72 66 71 73 73 67 70 67 77 72 

70 5% 6 3 e - 7 1  

- 
79-55-64 73-6- 60- 68 75 67 64 74 72 76 77 69 71 77 0 5 ~ ~ ~ ~ ~  

70 73 00 

67 70 a - - - 
I 1 I 

Ocean Areas Only 
ZONAL 

21 

33 

36 

52 

54 

60 

64 

65 

61 

55 

50 

43 

34 

20 

25 

31 

30 
25 

27 

30 

32 

35 

30 

45 

54 

60 

65 

69 

73 

76 

73 

73 

70 

Map 52 GLOBAL AVERAGE (OCEAN) 44 Z 



3 

- 

6 0 " s  - 

- 

Stratus + St ratocumulus + Fog 

- 
\ 

64 65 75 70 76 67 66 71 60 60 61 64 69 03 

62 61 56 60 73 69 01 70 70 65 71 61 74 79 75 00 79 86 69 60 60 56 

74 76 67 67 

60 70 57 

61 66 50 63 75 70 05 66 60 

70 5% 66-166  01 -42 70 02 50 75 77 60 71 75 04 

- 
76 06 60 70 75 71 01 60 72 79 94 

35 - 

Frequency of  Occurrence (X) 
M a r c h ,  Apr i l ,  May (1952-1981) O c e a n  A r e a s  O n l y  

ZONAL 

I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I i i 1 i i i 
AVERAGE 

90"  N 29 29 i 

I 

90 "  s I 1 
I I I I 1 1 I I 1 I I 1 I I I I I I I I I I I I 1 I I I I 1 1 1 1 1 1 3 30"  E 60" E 90 "  E 120" E 150" E 180 " 150" W 120" w 90"W 60"W 30" W 0 "  

33 

43 

46 

56 

59  

63 

67 

67 

61 

53  

49 

42 

32 

26 

25 

30 

26 

22 

23 

26 

30 

35 

39 

47 

54 

63 

64 

67 

70 

72 

70 

73 

50 

GLOBAL AVERAGE (OCEAN) 43 Map 53 



Stratus + St ratocumulus + Fog 

- 

- 

6 0 " s  - 

Frequency of Occurrence (X) 

43 43 41 47 52 54 52 51 53 52 55 50 61 59 40 36 

46 47 47 50 57 56 50 47 54 54 50 50 52 53 69 45 

31 36 39 43 45 45 46 47 40 49 40 50 51 55 53 51 46 51 56 72 60 51 

72 57 

3 2 6  25 33 40 42 46 46 49 52 52 57 50 60 50 59 55 51 4 4 w - 3 6 - 4 1  40 
/ Y 

- 
64 60 &9 d - 4 9  74 

3f 40  33 44 43 51 53 50 54 57 57 54 57 59 60 60 50 59 54 40 49 40 49 49 % 49 52\46 1 40 45 40 52 49 46 52 53 54 53 51 50 53 53 50 52 63 

50 63 57 5 5 r 7  52 54 59 54 5'0 55 64  61 59 60 63 63 61 64 70 

P- 6 5 f  4<42 57 67 0 62 75 70 67 73 63 

50 52 

-55 - 
60 
\ 04 60 69 77 66&2 - 6 2  

67 - 

June, July, August (1952-1981) 

D - 
1 1 I I I I I I I I I I I I I I I I I I 

90"  s 1 

Ocean Areas Only 
ZONAL 

- 

I 63 I 63 

71 

72 

69 

60 

67 

71 

76 

75 

63 

47 

30 

30 

31 

33 

32 

36 

29 

25 

30 
34 

30 
41 

45 

49 

52 

59 

Map 54 GLOBAL AVERAGE (OCEAN) 45 % 



I 

3 

3 

\ 

Stratus + St ratocumulus + Fog 

9 0 " N  - 

6 0 " N  

30"  N 

0" 

30"  S 

60"  S 

90 "  s 3 

Frequency of Occurrence (%) 

September, October, November (1952-1981) Ocean Areas Only 
ZONAL 

I I I 1 I I I I 1 I 1 1 1 I I I I I I I I I I I I 1 1 I I I I I 1 1 I 
AVERAGE 

47 1 
70 

66 'd 
53 

sr- +- 

60 55 5 f  

47 43 53 

47 51 74 

70 57 
=z 

64 70 75 - 
* 67 

J 40 

- 
B 

19-19 22 20 32 37 40 42 45 41 44 44 42 40 42 45 39 35 20 25 25 29 44 54 66 60 73 79 70 
\ 
27 29 33 30 30 42 44 46 40 49 53 51 54 51 45 41 40 35 30 31 40 
I 

35 39 44 46 44 44 47 50 52 56 50 56 56 59 52 49 50 44 47 66 64 54 50 

- 
65 54 62 

62-55 67 - 
71 67 56 66 69 65 65 64 

64 75 61 64 01 79 03 03 60 77 03 66 67 67 61 84-00 - 
79 71 70 66 79 03 77 

D 

I I I I I I I I I I I I I I I 1 I I I I I 1 I I I I I 1 1 I I I I I I 
3 0 "  E 60"  E 90"  E 120" E 150" E 180 " 150" W 120" w 90"W 60"  W 30"W 0 "  

Map GLOBAL AVERAGE (OCEAN) 46 % 

47 

54 

63 

67 

64 

64  

61 

64 

63 

56 

47 

40 

32 

20 

26 

27 

35 

30 

27 

32 

35 

30 
42 

46 

51 

55 

61 

66 

72 

55 



90"  N 

60" N 

30" N 

0" 

30" S 

60" S 

9 0 "  s 

06 09 55 66 72 76 01 01 05 05 07 79 01 00 03 06 02 06 91 

70 06 $0&5 -75  06 9 5  92 07 09 90 06 07 09 09 00 07 00 05 00 01 01 00 79 79 78 04 04 77 01 

06 05 07 06 05 06 07 03 03 05 06 03 02 92 07 06 03 04 92 90 02 00 02 06 90 90 00 00 90 09 00 

90 91 88 90 88 09 04 06 00 06 06 06 06 07 05 02 01 04 04 07 90 06 09 05 00 89 91 93 90 90 92 

-------6b70 - - X z  A 7 9  00 05 70 07 00 70 77 e 82-76 Y 75- 0 1 7 9 -  04-85> 06 07 05 87 89 00 92 09 07 

07 09 

00 07 

04 90 90 03 

75 z 3  - 
I 1 I I 1 I 1 1 I I 1 I 1 I 1 1 I 1 I I I I I I I I I 1 I I I I I I I 

Stratus + St ratocumulus + Fog 

Amount - When - Present (%) 

December, January, February (1952-1981) 

- 

- 

- 

Ocean Areas Only 
ZONAL 

AVERAGE I 1 1 1 I 1 I I I I I I I I I I I I I I I I I I I 1 I 1 1 I I 1 I 1 I 
02 

07 

05 

04 

77 

79 

02 

02 

01 

79 

75 

72 

69 

66 

62 

61 

67 

60 

65 

66 

60 

60 

60 

70 

73 

76 

79 

02 

03 

06 

07 

04 

05 

73 

Map 56 GLOBAL AVERAGE (OCEAN) 73 % 



3 

6 0 " s  - 

- 

Stratus + St ratocumulus + Fog 

Amount  - When - Present (%) 

09 09 92 06 04 06 07 04 82 02 91 89 05 02 86 90 92 90 93 95 91 08 

90 91 07 07 

09 02 04 

07 07 91 90 00 91 00 74 76 

06 7& 7 9 a - 0 0  92 L 8 5  86 06 

- 
00 92 90 95 09 04 05 95 93 02 81 

67 

03 

01 92 07 03 01 

86 

r 3  - 
I 

March, April, May (1952-1981) Ocean Areas Only ZONAL 

I I 1 1 I I I I I I I I 1 1 I 1 I I I I I I I I I I I I I I I I I I I I 
AVERAGE 

I 05 90" N 05 

04 

06 

70 

00 

79 

83 

03 

03 

01 

76 

73 

69 

64 

60 

61 

66 

67 

63 

65 

66 

67 

69 

70 

73 

75 

80 

02 

04  

00 

07 

05 

80 

77 

Map 57 GLOBAL AVERAGE (OCEAN) 72 Z 



I 

~ 

6 0 " s  - 

- 

Stratus + Stratocumulus + Fog 

80 - 

- - 

Amount- When- Present (x> 
June, July, August (1952-1981) Ocean Areas Only 

ZONAL 

90 

88 

85 

83 

80 

85 

87 

88 

82 

72 

68 

64 

65 

67 

67 

71 

69 

64 

67 

69 

70 

69 

72 

74 

75 

77 

GLOBAL AVERAGE (OCEAN) 73 % Map 58 



Stratus + St ratocumulus + Fog 

Amount - When - Present (%) 

September, October, November (1952-1981) 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Ocean Areas Only 
ZONAL 

AVERAGE 
90"  N I 07 I 07 

60" N 

30" N 

0" 

30" S 

60" S 

90" s 

03 -73 P 
.._.-_ _.. -_ .. . _ _  .._ -_ . - . . 
77 77 77 73 75 74 75 75 74 72 

71 71 65 69 69 69 69 70 70 67 

64 64*64 65 66 66 64 65 64 65 64 64 64 65 65 64 
2 

75'fg 79 01 02 02 02 02 02 02 02 01 01 01 01 02 02 02 70 7??7 

70 00 01 02 02 02 01 01 01 00 00 00 00 00 79 76 77.76 

76 77 77 76 77 77 77 76 77 76 76 75 75 74 74 74 73 76 

? 
$ 

72 71 67 70 70 70 72 71 71 71 71 70 70 70 69 75 75 75\ 72 
5 0 

70,72 66 65 67 67 67 65 64 65 65 65 64 66 66 66 66 67 64 65 66 71 76 70 70 7?%0\50 63 62 59 60\61 61 62 63 63 61 61 61 60 60 60 60 50.63 61 
I - 4  1- 

'I 
63 64 62 63 64 61 60 59 55 61 63 66 71 77 00 70 74 57 55 66 50 60 58-59 57 50 61 60 60 59 50 60 63 65 63 61 

66 63 63 64 64 64  64 63 59 64 65 69 71 74 75 74 71 66 61 59-60 60 65 62 57 55-55 57 59 59 60 63 62 64 65 63 61 
-7 4 

65 67 65 64 63 60 62 65 69 70 71 72 72 72 74 71 71 71 60 66 62 60 62 66 62 6 53 55 61 61 64 61,65 66 66 63 62 63 

\' 
i \ / I  en 

65.76 
b 

04 

/5d L.cl \ 
64'59 60 64 60 69 72 73 $1 67 71 75 60 67 01 

I 66 64 73 74 67 73 72 71 73 76 79 75 70 79 00 00 70 77 79 00 75 72 7OL7k71 2 53 59 60 65 69 70 72 74 

6 3 4 6 . 5 0  56 59 63 70 72 76 70 00 79\00 

57 62 60 72 01 03 07 00 05 70 

71 72 60 66 71 71 67 70 69 72 64 61 61 59 63 62 62 60 72 76 00 04 00 09 05 61 61 61 70 77 03 00 92 92 91 02 
I >  
70 64 57 64 74 70 03 07 09 00 01 

76,73 / 75 60 67 70 66 70 77 00 03 02 0 

64 63 63 74 61 55 55 59 63 65 65 67 60 72 69 73 72 77 77 02 04 04 04 03 

70 70 64 74 70 65 61 65 60 65 55 51 53 54 50 49 55 60 66 71 76 79 03 04 
\ 

\ 

I 

1 75 73 75 72 71 70 71 70 

74 73 75 75 75 75 79 00 76 77 77 77 70 70 71 65 
5- 

61 63 65 60 71 70 70 71 71 70 71 65 55 47 41 '50 64 66 69 65 71 67'70 71 71 72 70 60 61 64 67 69 62 64 62 67 70 72 80 79 05 92 09 90 
\ 
55'60 62 65 65 67 70 73 67 60 74 75 70 72 60 50 66 67 67 64 65 69 73 75 00 03 04 00 

70 77 02 00 06 

03 02 74 79 
/ 

\ 
65 64 66 69 60 70 74 71 73 74 00 73 74 76 76 73 75 72 75 73 62 

I 
77 77 70 77 78 70 70 79 

03 02 03 82 03 74 

1 
76 69 60 60 70 72 74 74 73 75 71 77 70 70 77 75 62 
1 

67 5 70 73 75 75 74 73 70 76 77 76 70 70 77 77 79 70 7 1 v - 6 6 - 6 5  

67 69 69 77 74 74 02 04 79 76 75 

70 76 

01 

71 75 74 78 79 79 77 77 78 77 80 70 81 81 02 01 01 79 74 72 72 74 74 

70 77 77 82 86 82 03 83 85 85 83 03 85 03 77 05 72 01 77 03 76 77 80 02 03 05 03 07 91 

05!00 03f 65 67 73 

07 01 09 02 04 03 92 03&5 O 7 9  09 9 3  

01 70 00 09 07 07 09 i: 90 06 00 00 06 90 02 06 

U 09 

06 

06 

03 

00 

79 

00 

00 

00 

76 

71 

67 

65 

63 

64 

65 

70 

60 

64 

67 

69 

70 

71 

73 

75 

77 

00 

03 

06 

GLOBAL AVERAGE (OCEAN) 73 Z Map 59 



90" N 

60"  N 

30" N 

0 "  

30" S 

60" S 

90"  s 

Stratus + Stratocumulus + Fog 

Average Cloud Amount (%) 

December, January, February (1952-1981) 

6 
Ocean Apeas Only 

I I 1 I I I I I 1 1 I 1 1 I I I I I I I I I I I I I 1 1 I I I 1 I I I 
19 

cc 
-- 

42 C 
> 

45 

56 46 50 

61 65 71 65 65 53 54 61 57 53 63 54 54 54 58 59 52 48 

58 60 59 60 59 61 59 57 65 66 67 67 62 76 67 65 54 65 62 59 

60 67 64 64 64 64 67 65 60 65 65 63 66 71 67 70 62 58 63 67 68 60 70 61 

54 4 4 n - 5 5  e 6 5 - 4 1 ~ 4 0 - - ' 5 9 ~ 4 - 5 7 - 5 8  

49 50 60 67 73 73 60 64 65 65 59 

78 79 75 75 65 66 62 

76 70 61 63 51 65 58 55 64 64 68 70 61 62 68 68 73 

d&>-75 74 1 67 62 

--=-/ ----bz 
66 

50 

I I I I I I I I I 1 I I I I I 1 1 I I I 1 I I 1 I I I I I I I I I I I 

9 0 "  E 120" E 150" E 180 " 150" W 120" w 9 0 "  w 60"W 30"W 0 "  30" E 60" E 

ZONAL 
- AVERAGE 

19 

18 

28 

29 

40 

43 

50 

52 

53 

40 

- 

42 

36 
30 

23 

18 

16 

- 

21 

21 

16 

18 

21 

23 

24 

27 

34 

42 

47 

53 

- 

- 

50 

63 

66 

62 

62 

52 

- 

Map 60 GLOBAL AVERAGE (OCEAN) 34 Z 



3 

- 
61 65 55 56 64 60 64 59 56 60 58 58 52 54 

55 55 52 52 61 60 63 64 65 72 73 77 64 64 61 49 

67 69 58 58 

71 66 58 53 65 54 

6o " 54 66 67 60 68 65 77 62-63 67 78 65 67 

Stratus + St ratocumulus + Fog 

- 

- 

Average Cloud Amount  (x) 

62 73 76 e64 53 57 48 - 57 66 &> - -51- 
40 70 67 56 58 

29 z 3  - 

90" s 

Ocean Areas Only 

1 

March, April, May (1952-1981) ZONAL 

AVERAGE 
I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I 1 I I 

24 90"  N 24 

- 

27 

37 

36 

45 

46 

52 

55 
56 

50 

41 

36 

30 

22 

17 

16 

20 

18  

14 

15 

18 

21 

25 

28 

34 

41 

51 

53 

57 

62 

63 

59 

59 
44 

Map 61 GLOBAL AVERAGE (OCEAN) 33 Z 



4b 

6E 

9E 

2E 

62 

82 

42 

12 

LL 

12 

92 

12 

E2 

22 

12 

LZ 

9E 

E4 

L9 

L9 

19 

PS 

95 

64 

E9 

b9 

94 

33va3 
1VNOZ 

- 

- 

I I I I I I I I I 1 I I 
3 OOSL 3 0021 3 .O6 3 009 3 OOE 

I I I I I I I 1 I I I 
S .O6 

4 

Q - 

A-- 

- 

- 

-\ 

s 009 

s OOE 

00 

N oOE 

N 009 

b5 
- 

55 ZL L9 LS 

9t- - 
6t 44 45 64 E9 Lb 6b 04 

Lt 4b 64 24 9t 14 24 9t 8t 89 OS 

14 Ot 8E Lt Lb BE 6E 6E Lb Lt 6E 

tb LP 8E ZAOb Eb Lb Lt 

\ 

- 
1 k4b2.ZZ-6~0E 8E Lt St Pt 9b tt Eb Ob Ot 9E bE EE OE LZ 12 91 LLZ- 

9E LE‘ Lt bb E4 

Eb 09 

6E Lt 64 

OS Eb 04 tb 

OE bb Ob Lb 2b LE Et 29 LE tt 4t tt 6E LE SE EE 
24 

4E ZE 92 LE\LE bE SE EE EE 4E bE Ob tt Sb 9t Lt Lt Et 2b It tt Lb Et Ot 6E LE LE E2 LI 

8: 

t4 

4 1 

/ ( / 
E2 bE 4t 9b Et Lt 8E 6E LE 6E Ot LE 9E LE ZE 9E 

E2 82 Eb Lb 2b ZE ZE LE OE 92 42 42 22 LE 
/ 

LE Lt 24 bt 4E LE 61 t2 61 81 LL 6L40E 

5t 6E 9E 6E 2b 2t Ot BE 9E LE 9E tE EE EE LE LE LZ 42 02 
I 

8E 62 LZ LE ZE EE 4E LE LE ZE EE bE EE LE LE OE 82 LZ E2 61 81 ‘E2 LE 9E Ob It Ot 2Q 8E LE tE ZE LE 62 L L 51 tL EL 

I 
1 I I I I 1 I I I 1 I I I I I I 

95 

I 1 I 1 I I I I I I I 1 VI 



Stratus + St ratocumulus + Fog 

- 

6 0 " s  - 

- 

Average Cloud Amount  (%) 

58&1 - 4 9  71 9 3  
- 

5 6  59 46 59 56 55 54 59 

60 57 59 54 56 60 51 55 71 69 75 66 47 60 74 - 
71 60 50 55 72 74 68 

67 

- - 

September, October, November (1952-1981) Ocean Areas Only ZONAL 

I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I 
AVERAGE 

9 0 "  N 41 41 I 
46 

54 

56 

51 

51 

49 

51 

51 

43 

34 

27 

21 

18 

17 

10 

25 

21 

19 

23 

27 

28 

31 

34 

39 

43 

49 

55 

62 

Map 63 GLOBAL AVERAGE (OCEAN) 35 % 



90"  N 

60" N 

30" N 

0" 

30" S 

60" S 

90" s 

- 

- 

- 

Nimbostratus 

15 14 15 12 12 16 12 12 17 13 17 16 
14 12 16 22 17 14 1 1  17 

18 16 18 14 15 17 

20 28 19 f.15- 24 

19 16 18 20 21 18 19 18 18 14 21 17 12 17 15 16 13 6 1 1  19 

19 15 20 20 18 18 18 17 23 23 24 24 18 18 17 13 19 14 17 17 18 14 16 12 23 15 
1 3 3 4 7 9 -  24- 21 18 2 b  2 1 m - 1 5 -  18-16- 

- 
1%==16 17 18 17 18 17 24 23 17 15 26=> ~3 25 I' - 

24 26 - 20 - 
I I I I 1 

Frequency of  Occurrence (X) 

I I 

December, January, February (1952-1981) Ocean Areas Only 
ZONAL 

Map 64 GLOBAL AVERAGE (OCEAN) 7 % 



s9 dDW X L (NV330) 33Vd3AV lV8013 

- 

- 

61 

E2 

61 

12 

LL 

tl 

21 

01 

L 

5 

P 

E 

2 

2 

2 

E 

t 

E 

1 

1 

2 

E 

5 

L 

6 

11 

EL 

PL 

tl 

21 

EL 

21 

01 

- 
91 

12 92 62 

LL 51 61 L 22 01 11 tl 91 LL 82 ZE a 92--62 -27- 

61 91 02 E2 02 61 61 LL 01 PL 51 61 t2 92 6E 82 81 OE 81 81 tZ 82 9E 81 61 

81 91 21 EL 51 81 tL 61 51 91 51 81 91 tl 91 LL EL 02 tl 91 02 62 - so09 

1 I I I I I I I I 1 1 1 I I I I I 1 I 1 I I I I I c 
00 M oOE M o09 M .O6 M 0021 M OOSL o 081 3 OOSL 3 0021 II .O6 3 009 3 OOE 

S .O6 

I I 
I I I I I I I 1 I I I I I 1 I I I I 1 1 I I I I I 1 I I I 1 I I 1 I I 

11 11 N .O6 
33Vtj3AV ' 

c 

s n +DJ +so q UI ! N 



I '- 
I 

- 

- 

- 

- 

- 

90"  N 

4 

5 

7 

\ -  
\ 5 4 3 5 5 7 4 5 7 5 7 7 6 6 7 7 0 5 5 5 6  2 3 1 1  / 4 2 2 3 4 3 3 3 2 2 2 1 1 1  

/ 
5 5 5 5 6 7 6 4 4 4 5 5 4 3 2 3  

r 6 1 0 9  6 7 5 4 3 1 4 9  9 9 8 1 0 ;  

> 
5 2 3  

/ 
15 1 1  

I 1 4 4 5 6 6 6 7 8 7 8 8 8 1 0 9 9 9 1 1 9 1 2  

2 1 1 2 3 4 4 2 3 3 4 2 4 3 3 3 3  
/ 3 3 2 2 2 3 4 5 5 4 4 3 4 4 6 6 5 4 4 u - 3 - 6  2 

- 
25 10 

3 3 4 3 3 6 7 6 7 7 6 9 6 8 8 6 9 1 0 6  7 5 4 5 % 5 8.,5 / 4 5 6 8 8 8 9 8 8 7 1 0 1 0 9  9 1 0  

9 9 12 10 9 9- 5 7 8 1 1  1 1  10 8 12 13 1 1  12 16 

15 
- 

F 

b1O 
14 12 12 15 

9 - 
i 36 

- - 

I I I I I 1 I I 1 I I 1 I I 

j 
~ 6 0 "  N 

I 

30" N 
I 
I 

j 

I 0 "  
I 

i 
I 

I 3 0 " s  

I 6 0 " s  
! '  

~ 9 0 " s  

N imbostratus 

Frequency of  Occurrence (%) 

June, July, August (J952-1981) Ocean Areas Only 

I I 1 I I I 

ZONAL 
AVERAGE I I I I I I I I I I 1 I I I 1 I I I I I I 1 I I I I I 

18 18 

17 17 25 18 14 
-cz- 

12 

,lo 7, 20 16 19 - * 7  -22 

i 

I Map 66 GLOBAL AVERAGE (OCEAN) 6 



I 

N imbostratus 

Frequency of Occurrence (%) 

Ocean Areas Only 

1 

September, October, November (1952-1981) ZONAL 

AVERAGE 
I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I 1 1 1 

14 90" N 14 

60" N 

30" N 

0 "  

30" S 

60" S 

90" s 

1 

13'9 

14 13  13 

1 3  14 - A%- /I.. 
7'/$ 12 11 12 12 12 12 12 12 12 12 12 12 13  13  13  1 3  12 11 14*12QJ 9110 10 10 9 9 9 (7 

& 7  6 7 8 7 6 6 6 5 4 / 5-41  2 - 3 7 3 . 3  0 \P'- 
5 5 4 4 3 4 4 4 3 3 3 2 6 - 3  

- 

- 
B - - 

- 

\ -  
1 1 0 1 2 2 2 1 1 1 1  1 

I 
3 2 1 0 1 2 1 1 1 1 2  \ - 

\ -  

7 , 5 5 4 3 2 2 2 1  1 1  1 

I 
4 4 5 8 8 8 7 1 0 9  8 4 4 4 2 1 1 

i 6  7 7 8 11 1 3 1 0  9 1 5  8 8 6 7 7 

8 4  14 

~ ~ 1 2 3 2 3 5 5 5 4 6 5 6 6 5 4 5 4 3 2 2 1 4 0 0 1 1 0 1  

> 2 2 3 3 5 5 6 7 7 8 8 7 8 7 7 7 6 5 2 4  3 3 2 0 1  > 
3 9 0 2  

I 
5 4 5 5 5 4 5 5 5 7 8 10 8 8 8 7 9 7 9 

1 
3 2 1 2 3 4 3 4 1 3 1 3 2 2 2 1 1  
/ 2 5 4 3 4 4 6 5 5 5 5 5 5 5 4 4 3 3 2 & 5 - 1 - 3  1 

- - % / 3 3 4 6 8 6 1 0 9  9 9 1 3 9 1 0 1 0 9  8 7 7 3 4 4 4 4 4 6.5 6 6 7 7 6 8 8 8 9 8 1 0 1 1 6 1 2 4  

8 7 10 12 12 14 11 12 17 15 14 18 19 17 11 12 7 8 6 8 5 5e 6 7 7 9 10 10 10 11 11 10 13 14 

2 3 4  4 13-1 4 - - 21 23 11 11 12 7 11 16 18&3 - 6  11 40 
1 4  15 9 13  

31 Q 

19 27 24 17 17 25 13  32 14 12 1 8  - 
1 A  3R 3 R  91 91 15 1 Q  

I v r 

20 

18 

15 

16 

16 

14 

13  

11 

8 

5 

3 

2 

2 

2 

3 

6 

3 

2 

2 

2 

2 

3 

4 

5 

7 

10 

12 

1 8  

GLOBAL AVERAGE (OCEAN) 6 % Map 67 



4
 
z
 
0
 

N
 

r
 

S
 

-
 
0
 

v
) 
13 
a, 
L
 
a
 C
 

13 
Q

, 
0
 
0
 

1
 

a, 
0
 

O
m

 
:
e

 

9
 

0
 

o
m

 
0

0
 

b
 

0
 

a, 
0
 J 9$ -t 

0
 

0
 

*E M
 

t
 

1
3
 

-
0

 0
 

a
 

3
 

-0
 0
 

m
 

- 

9
 

0
 

n
 

6\0 
W

 
0

 
-
 0
 

+
 

c a, 
v
) 

v
) 
a, 

3
 

L
 

+
 

Lo 
0
 

a, 
0
 

0
0

 
0

0
 a, 
0
 

0
0

 
:
e

 

0
0

 
0

0
 0
 

0
 

0
 

0
 

m
 

0
 

3
 

M
 

0
 

0
 

- 0
 

I 
L
 

+
 

v
) 

c 
0
 

a, 

E
3

 
0

 
I S
 
3
 

0
- 

=
+

 

E" a 

-
0
 

00 
a, 
0
 

9
 

0
 

b
 

0
 

a, 
0
 

0
 

0
 

0
 

0
 

c
 

0
 

7
 

M
 

a, 
b

 
m

 
M

 
0
 

w
 

0
 

d
 

a, 

P 

w
 

0
 

7
 

w
 

0
 

0
 

0
,
 

(
"
 

2
-z 

0
 

N
 

0
0

 
0

0
 

N
 

0
 

N
 

0
 

m
m

c
 

m
e

0
 

0
0

0
 

w
 

0
 

a
 

0
 

M
 

0
 

c
 
I
 

a, 
4
 

a, 
0
 

a, 
0
 

E 
W

 
0

 0
 

M
 

Z
 

0
 

6
,
 

0
 

Z
 

0
 

a
 

0
 

Z
 

0
 

v
, 

0
 

M
 

0
 

v
, 

0
 

v
, 

0
 

0
 0
 

0
 

m
 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

j -3 
I 

- 99 

9P OQ 96 
100 

1 0 s  10-1 o o w  ---&> - 
- 

3 

- 

Nimbostratus 

Amount - When - Present (%) 

March, April, May (1952-1981) 

I I I I I I I I I 1 I I I I I I I I I 1 I I I I I I I 90" N 98 

60" N 

30" N 

0 "  

30" S 

60" S 

90" s 

L 

97 

1 

Ocean Areas Only 
ZONAL 

AVERAGE 1 I 

99 99 98 98 99 

98 97 98 98 97 96 97 93 94 95 91 94 93 92 92 93 87 88 86 85 93 
85 90 88 91 86 80 89 89 88 86 

0 

96 - - 
- - 100 

99 
L. 

98 97 100 
- 

95 
w 

98 
95 

93 

97 

98 

98 

98 

98 
97 

97 
95 

94 

92 

90 
89 

87 
91 

92 

Map 69 GLOBAL AVERAGE (OCEAN) 93 % 



9 0 " N  - 

6 0 " N  - 

3 0 " N  - 

0" - 

3 0 " s  - 

6 0 " s  - 

9 0 " s  - 

AVERAGE 

Nimbostratus 

Amount - When - Present (%) 

June, July, August (1952-1981) Ocean Areas Only 
ZONAL 

I 98 95 OR 
-~ 

99 97 5- 93 

L7- 
7 w  
-Q 

-99 

-6 A 

9910099 99 99 99 99 98 99 98 99 98 98 97 97 94 94-98  '" i '  
98 98 98 97 97 97 97 96 97 96 93 93 92 93 92 90 91 $ 94 

97 95 98 96 95 93 97 94 93 93 87 88 87 88 87 86 84 9 0 b  

95 

94 95 98 98 90 88 94 90 89 86 92 92 86 82 83 83  

66 80 78 
0 87 87 87 

93 97 
94 95 

86 94 

89 97 91 93 92 

95 90 

c 

94 
I 

94 89 

D 

92 94 

93 97 

98 

97 

100 
\ 

1 I I I I I I I I I I I I I I 1 1 I I I I I 
120" w 9 0 "  w 60"  W 3 0 "  W 0 "  

I I 30" E 60" E 9 0 "  E 120" E 150" E 180 " 150" W 

97 

97 

97 

96 

98 

98 

98 

98 

98 

97 

94 

92 

88 

87 

89 

92 

92 

93 

Map 70 GLOBAL AVERAGE (OCEAN) 91 



3 

9 0 " N  - 

6 0 " N  - 

3 0 " N .  

0 "  

30"  S 

60" S 

9 0 "  s 3 

Nimbostratus 

Amount  - When - Present (%) 

September, October, November (1952-1981) Ocean Areas Only 
ZONAL 

I I I I I I I I I I 1 I I I I I I I I 1 I I I I 1 I I 1 I I I I I I AVERAGE 
I 

95 I 

7 96 
)093 95 

7 -ecr- 

* 99 

96 98 95 96 

96 95 96 96 96 94 90 87 91 93 93 87 85 85 87 80 85 83 85 81 

86 83 91 82 85 79 78 

96 95 91 

88 89 

89 

97 

88 

97 

98 

97 98 98 

/94 93 

96 

-100 

96 
w 

97 

n - 

I I 1 I I I I I I I I I I I I I I I I I I I I I I 1 1 1 I 1 1 1 I I I 
9 0 "  E 120" E 150" E 180 " 150" W 120" w 9 0 " W  6 0 " W  30"  W 0 "  30" E 60" E 

95 

97 

98 

96 

98 

98 

97 

97 

97 

96 

93 

92 

89 

88 

90 

90 

92 

92 

GLOBAL AVERAGE (OCEAN) 93 % Map 71 



I 

r 

- 

- 

- 

- 

- 

Nimbostratus 

~ 4 3 3 4 5 6 6 7 6 6 1 0 7 7 7 4 4 4 2 3 O O Q 3 1 0 0 1 ~  I > / ~ 4 6 5 4 3 2 1 0 1 1 1 1 ' 1  \ -  

4 3 4 4 4 4 5 6 6 6 7 8 8 9 9 10 6 6 4 0 0 1 1  2 3 5 6 7 8 5 7 5 3 2 1 1 1 1  
1 

3 2 2 - 3  4 3 3 2 2 2 2 2 2 2 1 1 0'' 
1 2 4 4 3 4 4 5 5 6 5 5 4 4 3 3 3 2 2 1 Q - 0 - 3  4 

7 6 6 12 7 9 1 1  11 10 9 1 1  1 1  1 0 1 0 1 0  7 10 9 7 6 6 7 6 5 7 E  4 5 8 6 4 6 8 7 7 11 
19 14 19 19 14 20 16 18 15 9-10 12 19 16 15 15 8 11 10 11 10 11 11 6 6 6 10 1 1  

I 
4 3 2  

6 5 8  

r 2  2 3 6 5 3 5 1 0 1 0 9  8 4 5 7 2' 
$ 3  3 6 11 10 7 13 14 14 10 

13  13 1 3  16 13 15 13  

10 7 7 9 -  

18 12 11 8 12 16&6 9 1 1  J 5  12 16 16 16 17 - 
2 

3 r  
2 3 2 4 5 5 7 7 7 1 0 8 6 6 7 5 6 6 4 2 2 3 3 3 3 3 . , 4 5 5 4 6 4 4 4 5 5 6 6 8 8 7 9 7  % / 

13f 1 2 5 8 10 10 12 10 
(/5 

18 16 15 14 12 15 19 13  17 11 17 12 

19 16 17 19 20 18 18 17 18 14 21 12 17 15 16 1 3  6 1 1  19 

19 15 19 19 17 17 17 1 7  22 22 24 24 17 18 17 13 18 14 17 17 18 14 15 12 

1 8- 24- 20 17 1% 2 1 ~ - 1 5 ~ 1 7 - 1 6 ~  13- 

13 13 12 12 16 12 12 17 1 3  17 

14 12 15 22 17 14 11 

16 17 13 15 1 7  

- 
l 5  1>15 

l 1  - 24 I' 17f . l - -  
18 17 18 17 17 17 22 23 17 15 

19 28 
< 

25 22 13 - 

I I I 1 I I I I I I I I 1 I I I I I I I I I I I I I 1 I I I I I I I I 

Average Cloud Amount (X) 
December, January, February (1 952 - 1981) 

I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 I I AVERAGE 

Ocean Areas Only 
ZONAL 

9 I 9 
90"  N 

60" N 

30" N 

0 "  

30" S 

60" S 

90"  s 

- 
B - 

\ -  

\ I 
3 1 0 1 1 1 1 1 1 1 1  

\ - 
1 0  1 1  1 1  21 

1 2 2 2 2 3 3 2 2 1 2 1 2 3 6  
\ 
8 ' 4 4 4 3 5 4 5 5 5 5 6 5 6 4 3 4 3 2 2 1 1 0 1 0  0 0 0 1  5 - 4  4 3 3 \ 

10 

12 

16 

19 

19 

17 

16 

14 

11 

8 

5 

3 

2 

2 

1 

4 

3 

2 

3 

3 

2 

2 

3 
4 

5 

8 

12 

1 4  

15 

17 

18 

21 

19 

GLOBAL AVERAGE (OCEAN) 7 Z Map 7 2  



3 

March, April, May (1952-1981) 

Nimbostratus 

Average Cloud Amount  (%) 

Ocean Areas Only ZONAL 

I I I I I I I I I I I I 1 I I I I 1 I I I I I I I I 1 I I I I I 1 1 1 1 90 "  N 10 10 I 1 
AVERAGE 

60"  N 

30" N 

0 "  

30" S 

60" S 

9 0 "  s 

12 F 10 10 

9 11 15 -- 
P 

7 23 

l 3 ' C l E  20 7315-1 

6 / 1 4  1 3  14 #14 14 16 1 
I 'A 

8 10 12 14 14 13 13  13  12 1 1  12 13 1 3  12 13  12 11 11 

14 12 10 

1 3  1 5  11 

1 12 11 10 9 8 8 7 6 '-7, 3 9, 
2 6 9  9 9 11 8 8 7 C 

J { 0 '+v I 

$ 
12 12 11 11 11 10 9 8 8 7 # 7  

9 8 8 8 7 7 5 5 A 7 3 4 5 5 7 7 6 6 6 5 4 4 3 2 3 2 . 2  2 - 3 . 2 3 2  

--/- - ' 

0 1 0  1 1 
1 
1 1 2 2 - - - -  

Q 2 2 1 1 1 2 2 3 3 3 - - - - -  2 
/ k- - 4 4 3 2 1 1 2 2 3 3 3 2 5 5 4 3 4 -  

'A-n/n n i o  

k 4 . 3  3 3 2 1 1 1 1 2 2 \ 2  

9 2 1  1 1  1 0  1 0  1 2  

5 . ~ 4 2 4 4 6 5 4 4 6 3 4 3 2 2 2 2 3 1 2 3  0 2 1  0 0 0 )  3 , 3 3 3 5 5 4 1 1 1 1 0 1 ~  

I 

- 

\ 
2 1 1 0 1 1 1 1 1 0 1  
I 
2 2 1 1 1 1 1 1 1 1 1  

- _ _  

I \ 

\ / 
3 3 2 4 3 2 4 3 3 1 2 1 1 0  

0 3 3 3 3 6 7 6 4 5 5 4 3 2 1 1  

\ I 
4 3 4 4 4 4 4 5 4 5 9 9 7 6 5 5 5 5 4 2 4  6 3 1 2 2 4  
I 1 

4 2  2 4 4 5 5 4 5 5 5 7 6 7 7 8 7 9 8 8  8 

7 6 8  

5 

2 2 1 2 4 3 4 3 4  5 4 3 3 3 2 2  

8 10 11 10 9 

10 20f 2 r ' 4  6 21 9 
8 2 10 13 8 10 10 1 1  14 8 10 13 

17 15 15 18 13 12 17 11 16 9-10 
15&6 9 11 2 4  7 18 14 14 19 

12 12 16 17 15 16 1 5  1 9  14 

28 24 1 5  14 19  23 18 

10 1s; 1 A  

18 13 12 12 13  7 14 19 16 18 

15 

17 36 27 24 18 18 29 17 

12 16 17 15 14 20 12 

q c .  37 - m A > A -  L 22 26 28 31 22 -13 

I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I 1 1 1 1 
30" E 60"  E 90 "  E 120" E 150" E 180 " 150" W 120" w 9 0 " W  6 0 "  W 30"  W 0 "  

9 

1 1  

12 

12 

14 

13  

13 

1 1  

9 

6 

5 
3 

1 

1 

1 

3 

3 

2 

2 

2 

2 

2 

3 
4 

6 

8 

12 

14 

15 

21 

19 

23 

Map 7 3  GLOBAL AVERAGE (OCEAN) 6 % 



I 

- 9 

L 35 

- 

I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I 1 I I I I 

Nimbostratus 

Average Cloud Amount (X) 

- 

- 

90" N 

60"  N 

30" N 

0 "  

30" S 

60" S 

90" s 

Map 74 GLOBAL AVERAGE (OCEAN) 5 



I 

- 

- 

Nimbostratus 

22 11 11 7 11 

14 14 9 14 12 18 

26 27 21 21 15 18 

27 22 17 17 - 

Average Cloud Amount (%) 

- 

September, October, November (1952-1981) Ocean Areas Only ZONAL 

I I I I I I I I I I I I I I I I I 1 1 I I 1 I I I 1 I I I 1 1 I I I 1 I 
I 1 

AVERAGE 
14 90"  N 14 

- 

I I I I I I I 1 I I I I I I I 1 I I I I 

6 0 "  N 

30" N 

0 "  

30" S 

60"  S 

90"  s 

19 

16 

14 

15 

15 

13 

13 

10 

8 
5 

3 

2 

2 

2 

3 

5 

3 

2 

2 

2 

2 

2 

3 

5 

7 

GLOBAL AVERAGE (OCEAN) 6 Z Map 75 



I 

l r  

- 

9 0 "  s 

Altostratus + Al tocumulus 

Frequency of  Occurrence (Z), 6-18 LT 

December, January, February (1952 - 1981) 

1 1 I I I I 1 1 1 I I I I I 1 I I I I I I I I I 1 I I I I I I I I I I I 

Ocean Areas Only 

I 

ZONAL 
AVERAGE 

23 
90"  N 

e P -  51 47 45 30 - ~ 50 f.47- 
44- 39-47 42 57 50 40 49 44 30 42 53 60 

43 

33 D 40 

-2 53 5 b  55-J-m-45- 42- 43 - 
- 

I 

l r 3 4  26 41 46 47 47 

43 30 46 

\ -  

49 45 52 53 40 43 30 

59 47 42 
- 

65  39 57 5 4  47 43 52 46 46 44-47 - 
42 50 45 41 40 63 50 50 50 51 52 51 

50 52 57 53 40 46 54 59 55 52 50 29 40 45 40 52 55 47 40 57 65 60 40 53 50 

42 52 54 47 50 50 52 52 43 40 47 43 53 30 41 40 44 50 51 46 50 -52 53 
- 

57 
6 0 " s  - 

22 

20 

22 

36 
43  

39 

37 

41 

46 

47 

49 

49 

47 

42 

40 

42 

53 

55 
40  

50 

50 

49 

49 

47 

40 

40  

40 

49 

52 

51 

49 

47 

46 

40 

Map 76  GLOBAL AVERAGE (OCEAN) 47 Z 



Altostratus + Al tocumulus 

Frequency of  Occurrence (%), 6-18 LT 

March, April, May (1952-1981) Ocean Areas Only ZONAL 

I 1 I 1 I I I I I I I I I I I I 1 I I I 1 1 1 1 I I 1 I I 1 1 1 I I 1 I 

I 

AVERAGE 
90"  N I 20 I 20 

- 

- 

- 

60"  N 

3 0 " N  

0 "  

30" S 

60" S 

9 0 "  s 

35 43 45 41 44 50 50 54 49 55 52 50 47 47 36 35 

50 51 50 45 43 45 42 

36 

35 45 37 49 40 46 51 

52 

1 
40 46 49 49 51 45 46 47 52 54 51 55 52 54 56 54 56 56 50 

\ 
I Y 

/ 
4 5  46 43  46 44 40 51 52 49 52 54 51 55 50 52 52 47 47 44-45-52 44 

45 45 44 50 45 49 50 51 55 49 56 54 53 40 45 45 42 52 47 50 53 55 55 54 5 3 4 7  50 50 40 50 46 44 49 47 50 55 49 50 57 59 - 
45 :0 d - 4 2  

% / 
41 47 57 51 49w2 50 40 

37f 5<47 40 

56 52 49 45 47 

43 43 20-36 - 
44 42 40 46& -57 49 3 5  51 51 36 32 24 37 

-- 

42 

20 24 22 

34 23 21 

19 - 26 

20 44 47 50 40 

44 40 40 

32 

40 

CL, 34 40 
\ 

. 4 6  

r I I 

I I I I I I I 1 1 I I I I I 1 I I I I I I I I I I I 1 I I 1 I I I I I I 
30"  E 60"  E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 9 o " w  60"W 30"W 0 "  

23 

31 

36 
45 

43 

42 

45 

49 

40 

49 

47 

45 

42 

39 

42 

53 

54 

40 

47 

45 

47 

47 

49 

49 

49 

49 

44 

Map 77 GLOBAL AVERAGE (OCEAN) 45 % 



I 

A 
I 

/ 
40 45 55 40 46 40 50 49 46 46 41 36 26 31 

47 46 47 45 47 40 42 56 50 50 49 51 42 40 34 35 
50 46 50 43 42 31 

39 44 

49 
> / 

1 Y 

\ 
39 42 46 47 46 46 47 46 45 50 40 56 54 50 54 50 53 57 56 

I 
41 49 47 45 40 43 30 40 41 40 40 51 50 53 40 52 50 47 

52 
1 

27 30 33 42 45 46 43 45 30 49 44 43 43 45 45 46 39 
1 

u 4  32 36 39 42 47 47 45 30 47 43 44 45 40 41 46 44 44-0-54-30 

I6 43 44 44 43 46 46 45 43 30 43 47 37 43 32 30 42 45 42 50 51 51 51 

14 
\ 

20 
b 

- 
I 

I I I I I I I I I I I I I I I I I 1 I 1 I 1 I I I I I I I I I I I 

Altostratus + Altocumulus 

\ -  

- 

- 

- 

- 

Frequency o f  Occurrence (X), 6-18 LT 

June, July, August (1952-1981) Ocean Areas Only . ZONAL 

90"  N 

60"  N 

30" N 

0 "  

30" S 

60"  S 

90"  s 

33 
31 

30 

44 
49 

49 
49 

51 
54 

50 

47 

43 
44 

46 

51 

56 

64 

54 

45 

43 
42 

43 
44 

46 

45 

45 

Map 78 GLOBAL AVERAGE (OCEAN) 46 



Altostratus + Al tocumulus 

20 20 23 

6 0 " s  - 32 

- 
\ 

9 0 "  s I I I I 1 I I I I 1 1 I I I I I 1 I I I I I I 1 I I I I I I I I 

Frequency of  Occurrence (Z), 6-18 LT 

- 

- 

September, October, November (1952-1981) 

I I 

Ocean Areas Only 
ZONAL 

I 1 I I I I I I I I I I I I I I I 1 1 I I I I 1 I 1 I 1 1 I I I I I I I 90"  N 20 28 I I 
AVERAGE 

30 

35 

42 

44 

43 

46 

46 

50 

49 

49 

47 

46 

44 

47 

54 

62 

51 

44 

45 

46 

45 

46 

49 

49 

49 

I 
I Map 79 GLOBAL AVERAGE (OCEAN) 47 % 



I 

r 

64 70 65 50 60 73 67 65 65 65 53 70 71 63 64 70 73 75 71 70 75 65 63 

65 

62 55 63 

60 65 61 60 76 72 70 71 70 67 71 70 64 69 63 63 79 72 

2 5  3% 
c 

62-- 56 63-49 v?9-62-72 61 70 00 70 72 05 75 

52 /--- 
67 

1 I I I I 1 I 1 I I I I I 1 I I I I 1 I I 1 I 1 I I I I I 1 I 1 I I I 

90"  N 

60" N 

30" N 

0" 

30" S 

60" S 

90"  s 

- 

- 

Altostratus + Altocumulus 

Amount-When-  Present (X), 6-18 LT 

Decem be r, J a n u a ry, Fe b ru a ry  (1 9 52 - 19 81) Ocean Areas Only 
ZONAL 

I 1 I 1 1 I 1 I 1 I I I I 1 I I I I I I I I I I I I 1 1 1 1 I 1 I I I AVERAGE 
I 

66 

75 

63 

64 

66 

65 

60 

56 

53 

53 
52 

40 

43 

30 
36 

37 

44 

40 

45 

46 

44 

41 

42 

43 
4 6  

49  

52 

59 

62 

67 

69 

66 

59 
66 

Map 80 GLOBAL AVERAGE (OCEAN) 49 % 



3 

6 0 " s  - 

- 
- 

March, April, May (1952-1981) 

58 63 77 - 
69 58- 38 67 fjb 

- 

3 

Altostratus + Al tocumulus 

Amount-When-Present  (X), 6-18 LT 

Ocean Areas Only 
ZONAL 

62 

63 

58 

62 

63 

59 

59 

56 

55 

53 

50 

44 

38 

36 

39 

46 

46 

41 

40 

39 

38 

40 

44 

46 

48 

60 

90"  s I 1 I 1 1 I 1 I I I I I 1 1 I I I I 1 I I 1 I I I 1 1 1 I 1 I 1 I I I 1 I 3 30" E 60" E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 9 0 "  w 6 0 " W  30"  W 0 "  

GLOBAL AVERAGE (OCEAN) 48 % Map 811 



i 
-.-- 

I 

I I I I I I I I I I I I I 1 I I I I 1 I I I 1 1 I I I 1 I 1 I 1 

90"  N 

60" N 

30" N 

0" 

30" S 

60" S 

90"  s 

L 

- 

Altostratus + Al tocumulus 

Amount-  When- Present (%), 6-18 LT 

June, July, August (1952-1981) 

1 I 1 I 1 I I I 1 I I 1 I I I 1 1 I I I I I I I I I 1 1 I I I 1 1 AVERAGE 
67 

71 

=- 65 
> 

- 

- 

36 32 32 34 42 37 36 36 43 43 46 37 30 31 30 

41 66 41 - 

L. r 

I 

Ocean Areas Only 
ZONAL 

67 

64 

62 

60 

61 

59 

61 

65 

63 

55 

47 

42 

30 

39 

44  

49 

55 

40 

41 

41 

37 

37 

36 

42 

44 

44 

GLOBAL AVERAGE (OCEAN) 47 % Map 82 



3 

6 0 " s  - 

- 

- 

Altostratus + Al tocumulus 

Amount-When-Present  (%), 6-18 LT 

September, October, November (1952-1981) Ocean Areas Only ZONAL 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I AVERAGE I 66 90" N 66 

59 60 59 - 

- - 
- 

9 0 "  s 

64 

63 

61 

61 

61 

57 

55 

51 

50 

47 

43 

30 

36 

39 

44 

51 

44 

41 

43 

40 

39 

41 

44 

40 

40 

GLOBAL AVERAGE (OCEAN) 48 Z Map 83 



I 

I )  

6 0 " s  - 

Altostratus + Altocumulus 

- 
36 34 28 29 31 35 22 25 27 22 23 40 

32 36 37 31 29 34 36 38 36 34 31 20 29 28 35 33 35 42 46 42 36 34 31 - 
37 30 36 35 29 34 38 37 37 30 34 32 30 37 24 29 31 24 36 40 33 

Average Cloud Amount (%), 6-18 LT 

- 29 25 24 
c 

34 3> 34-125- 26-21 76-24-34 22 30 45 35 34 42 33 28 

26 /-----'25 
30 

- 27 24 z 3  

90"  s I 1 I I I I I I 1 I I I I 1 I 1 I I I I 1 I I I 1 I 1 I I I 

December, January, February (1952-1981) 

- 

Ocean Areas Only 
ZONAL 

14 

14 

23 
29 

25 

22 

23 
24 

25 
25 

24 
20 

17 

15 

16 
24 

27 

23 

25 
23 

20 
20 

20 
22 

24 

25 

28 

33 

34 
33 

31 

27 
26 

I Map 84 
i 
I :  

GLOBAL AVERAGE (OCEAN) 23 % 



I '3 

- 

3 

24 33 38 

30-30 33 - 

Altostratus + Al tocumulus 

22-7-12- 19 29 /2L-- 
\ - z 3  

90" s 

Average Cloud Amount (Z), 6-18 LT 

- 

March, April, May (1952-1981) Ocean Areas Only ZONAL 

60" N 

30" N 

0 "  

30" S 

60" S 

14 

19 

21 

28 

27 

24 

26 

27 

27 

26 

23 

20 

17 

15 

16 

24 

25 

21 

19 

18 

18 

19 

22 

23 

24 

26 

27 

GLOBAL AVERAGE (OCEAN) 22 % Map 85 



Altostratus + Al tocumulus 

Average Cloud Amount  (%), 6-18 LT 

June, July, August (1952-1981) 

I I I I I 1 I I I I I 1 I I I I I I I I 1 I I I 1 1 I I I I I I 1 I I 1 

Ocean Areas Only 

1 

ZONAL 
AVERAGE 

23 
90"  N 

- 

- 

- 

- 

60" N 

30" N 

0 "  

30" S 

60" S 

90" s 

\ -  ) / 

I Y 
25 24 26 25 25 27 18 25 25 23 18 23 22 17 13 12 

21 27 13 

I 
15 18 19 18 21 19 17 19 21 24 25 24 24 29 23 30 30 28 

1 / 

19;":' 21 

14 13 12 12 13 15 19 17 18 14 15 17 16 19 17 18 20 18 17-7-26-14 

13 18 16 15 21 15 17 19 21 16 19 19 20 18 14 12 22 18 18 22 21 22 22 - 
10 28 25 28 b - 

6 
\ 

8 30 

- 

I 

1 I 
1 1 I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I 1 I I 

120" w 9 O " W  6 0 "  W 30 "W 0 "  30 "  E 60"  E 90"  E 120" E 150" E 180 " 150" W 

23 

20 

23 

26 
30 

29 
30 

33 
35 

28 
23 

18 
17 

18 
23 

28 
36 

27 

20 

19 
16 

16 
16 

19 

20 

19 

Map 86 GLOBAL AVERAGE (OCEAN) 22 % 



3 

- 

- 

- 

- 

3 

\ -  > / 
16 
/ Y 

20 22 26 18 22 25 27 29 28 32 32 26 26 21 14  13 

29 33 29 32 24 25 18 

I 
19 18  22 21 22 19 23 22 22 22 27 24 29 31 32 29 37 28 

\ 
21 19 15 15 20 18 18 19 19 19 18 15 19 23 20 15 10 
/ 

- 
p 1  23 21 20 20 18 21 22 19 23 25 21 21 23 23 24 21 15-22-16 

1 7  19 19 22 15 23 21 27 30 24 25 25 27 30 26 24 27 24 21 21 23 24 24 21 23 23 21 24 23 30 28 26 

25 26 23 26 20 31 

27 20 22 
Ir - 

17 
w 1 4  25 18 

12 19 13 - 

Altostratus + Al tocumulus 

Average Cloud Amount  (X), 6-18 LT 

September, October, November (1952-1981) Ocean Areas Only 

I I I I 1 I I I I I I I I I I I I 1 I 1 1 I I 1 I I I I I I 1 1 I I I 1 
I 1 

ZONAL 

AVERAGE 
90"  N 19 19 

60" N 

30" N 

0 "  

30" S 

60" S 

90"  s 
1 t 
I I 

1 I I I I I I I I I I I I I I I I I 1 I I I I I 1 I I I I 1 I I I I I I 
30" E 60" E 90" E 120" E 150" E 180 " 150" W 120" w 90"W 3 0 " W  0 "  6 0 " W  

18 

21 

26 

27 

27 

26 

25 

25 

24 

23 

20 

18  

16 

18  

24 

32 

24 

20 

20 

19 

18 

19 

21 

23 

24 

GLOBAL AVERAGE (OCEAN) 22 Z Map 87 



I 

r 

C i r rus + Cirrostratus + Ci r rocumulus 

Frequency of  Occurrence (X), 6-18 LT 

December, January, February (1952 - 1981) 

I I I I I 1 1 1 I 1 I I 1 I I 1 1 1 I I 1 I 1 1 1 I I 1 I I I 1 I 1 I I AVERAGE 

Ocean Areas Only 
ZONAL 

27 
9 0 "  N 

27 

20 

35 

29 

33 

32 

29 

31 

32 

33 

35 

35 

31 

I I 

23 

30 

46 40 20 37 

30 26 31 36 

3K t 
P 26 

60"  N 

30" N 

0" 

30" S 

33 36 37 36 30 36 41 40 40 36 

37 39 46 42 43 43 42 41 30 37 

44 41.41 39 36 37 39 41 43 43 43 43 40 30 37 35 

45 41 30 3d,7 34 34 33 32 34 37 36 37 33 33 31 32/31 

L 2 6 . n  32 32 - 23'23 -4725 2'7 24 20 26 30 30 33 27 30 36 30 36 37 36 42 35 39.41 

&2<26 2 6 f 4  26 30 20 30 30 32 31 30 31 33 35 39 40 43 42 41 30 37 42 
$ > T  

33.3L32132 '22 g$@g25 26 26 27 30 29 29 30 20 33 33 36 40 42 43 42 45 30 36 30 \ 4 
4 - 22 21 22 21 23 24 23 25 24 22 23 24 24 26 29 31 32 35 37 30 39 30 30 30 30-41 '' A 

2%2,5 31,22- 
/ n  u\ I 

34 39,397 36 

21 23 23 25 23 21 10 20 20 19 10 20 23 24 26 30 35 34 33 35 36 30 43 22 24 25 25 27 20 27 29 27 34' - 
20 10 17 17 15 19 10 22 25 0 27 29 32 36 34 37 39 42 21 20 21 23 23 24 27 31 34 42 > 
34 33 24 25 22 31 26 25 26 28 32 35 36 31 39 42 43 

56 40 41 51 41 44 44 43 33 32 34 34 30 32 36 33 36 

67 60 59 50 54 52 41 30 31 33 35 25 30 27 20 22 20 24 25 25 22 30 30 40 47 

65 64 72 57 52 46 44 40 34 29 31 25 24 23 19 17 17 15 13 14 13 23 40 44 

62 65 71 62 59 61 57 63 52 50 46 44 35 27 27 23 20 20 19 17 16 12 21 29 47 

30 26 33 29 33 35 30 42 4 35 

2 46 45 42 44 43 40 41 30 

- 

- 

- 
I 

\ - 
- \ 

16 16 16 14 14 19 

41 39 20 20 24 19 15 21 26 34 50 

41 42 40 39 20 20 20 19 1 7  16 22 21 37 

- 41 45 30 30 31 30 39 40 41 30 37 41 42 43 50 

36 

\ 
I 

37 30 39 37 30 37 36 30 30 35 33 41 

h h 3 - 3 9  37 30 23 23 25 23 23 31 35 

\ 
i 70 67 60 67 60 53 40 30 36 29 25 20 21 21 16 19 20 17 15 15 15 15 19 22 44 

\ I v '49 45 43 46 53 50 56 55 50 56 53 57 54 50 53 49 40 40 36 33 29 24 20 24 
\ 
42-30 33 39 42 30 42 42 45 46 41 45 55 54 55 56 50 49 42 30 35 30 \ 26 201 51,49 / 47 46 33 

37 30 35 36 36 30 37 33 40 40 45 50 50 54 57 54 50 40 39 44 16 37 39 42 49 51 43 41 31 

10 34 35 37 31 34 40 54 45 37 
1 Y f 6:; 4": 41 32 

36 34 35 39 43 45 35 36 35 32 22 26 21 17 16 19 20 
I / 33 35 40 33 36 30 36 40 42 40 44 49 50 51 40 43 

43 30 31 30 43 40 34 42 4 0 c 3  45 41 39 42 30 37 44 34 

27 

27 

34 

43 

45 

41 

43 

43 

39 

36 

36 

35 

35 

40 

41 
b 

30 44 

39 45 4 4  

36 36 37 30 40 52 46 30 

49 A7 &/SO 37 37 

42 31 34 

23 34 20 

39 35 

/ 
47f 63 54 52 49 t 36 45 41 

36 

&&l -57  51 3 2  

51 56 52 

45 

25 60"  S 
43 

42 

39 -30 - 37 

0 49 43 
I 

90" s I I I I I I I 1 I I I I I 1 1 1 1 I I I I I I I I I I I I I I I I 1 I 

30"  E 60"  E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 90"W 60"W 30"  W 0 "  

Map 88 GLOBAL AVERAGE (OCEAN) 37 % 



I 3 

33 35 33 34 30 30 37 39 36 41 37 36 26 24 24 29 

39 41 44 40 30 32 39 32 44 39 26 30 

30 
I 

/ Y 
1 34 30 31 32 35 33 26 32 35 36 39 40 45 44 40 47 53 46 

35 30 33 30 40 39 &;;, - 
3 r  

* 4 /  3 7 7  33 33 32 31 35 30 33 37 36 33 37 30 23 27 27 20 30-22-29 

34 32 30 36 34 35 33 37 37 40 41 34 42 20 33 27 36 35 32 37 36 37 35 36 41\37 40 40 30 30 30 37 31 20 31 35 34 36 34 30 41 45 

45 36 35K1 41 40 42 40 41 42 32 37 35 37 37 /f 
Ir 

24 22 

52 

LI - 
E 3  

1 I I I I I I I I I I I I 1 I I I I 1 I I I I I 

9 0 " N .  

- 
- 

- 

- 

6 0 "  N 

30"  N 

3 
0 "  

30" S 

60" S 

9 0 "  s 
3 

Cirrus + Cirrostratus + Ci r rocumulus 

Frequency of Occurrence (%), 6-18 LT 

M a r c h ,  Apr i l ,  M a y  (1952-1981) O c e a n  A r e a s  O n l y  
ZONAL 

I I I I I I I I I 1 I 1 I I I I I I I I I I I I I I I I I I I I I I 1 
AVERAGE 

47 I 47 

52 

39 

36 

30 

30 

36 

36 

36 

37 

39 

30 

36 

33 

32 

30 

47 

49 

44 

43 

39 

35 

32 

35 

34 

36 

GLOBAL AVERAGE (OCEAN) 38 % Map 89 



Cirrus t Cirrostratus + Ci r rocumulus 

Frequency of  Occurrence (X), 6-18 LT 

June, July, August (1952-1981) 

3 0 " s  - 

- 

- 

6 0 " s  - 

Ocean Areas Only 

18 28 

41 
34 20 27 33 28 29 31 31 27 25 22 20 18 1E 

40 37 33 34 33 27 38 36 33 36 33 27 25 24 21 

31 31 34 

-9 / 23 22 23 23 26 21 24 16 16 18 18 15 19 13 17 23 20-28- ) / 
21 21 22 23 24 25 25 23 20 31 33 42 43 41 42 45 40 45 45 24 

26 27 25 27 30 27 21 26 25 30 33 36 33 34 39 37 44 
I 1 

17 15 15 15 19 21 21 16 15 15 10 16 10 14 13 13 14 

33 29 24 28 33 30 30 30 25 26 28 18 23 19 16 19 17 30 23 29 29 30 31 34 

b 

I I I I I I I I I I I I I I I I I 1 I I I I I I 1 I I I I I I I I I I 1 
50 

90" N 

- 

9 0 "  s 

3 0 " N  TL %/ 4 
h j41l 12 13 18 
b A w  
27 25.28 2920 

29232 30 39 46, p" 59 63 
3 2 3 3 5  33 42 53 57 61 59 61 60 7: 

44/41 40 57 62 65 65t66 68 6 9 i  

I 1 
'&I 

I \  
27 31 9 \ \  I 

17 
w 

ZONAL 

AVERAGE 
50 
52 

49 

47 

45 

40 

46 

45 

44 

42 
39 

36 
37 

30 

43 

51 
56 

46 

39 

33 
26 

22 
22 

25 
27 

29 

Map 90 GLOBAL AVERAGE (OCEAN) 36 Z 



Cirrus + Cirrostratus + Ci r rocumulus 

3 

- 
6 0 " N  

Frequency of Occurrence (%), 6-18 LT 

-- 
\ 3 1 7 3 1  

k4 

35 36 42 47 

-$- 42 0 8  

September, October, November (1952-1981) 

- 

3 0 " N  - 

- 

- 

- 

0" 

- 

- 

3 0 " s  - 

- 

6 0 " s  - 

Ocean Areas Only 
ZONAL 

- 
1>'17 20 15.15 9 u- 

14.15 2 2 ~ 3 1  f I 
'b, 

I \  
10 10 1 4 ~ 1 7  22 33 40,)47 

>\><O 26 38 41 56 60 54 53 5 

27/25 31 44 51 57 62c64 65 6 

29 25 27 36 47 51 56 61 67 72 7 

Q 30 23 23 28 39 49 55 58 60 67 69 7 

25 23 24 30 33 42 53 53 60 50 64 

/ 

\ -  

I 
30 27 24 22 21 20 17 16 10 22 32 
I 
37 33 25 33 26 27 24 17 15 15 24 

\ 
32 20 26 24 18 21 41,41 30 46 

/ 
36 34 30 38 31 37 39 30 37 32 27 24 23 24 

37 36 29 37 32 35 42 47 40 42 36 36 30 29 31 

34 39 40 32 32 36 33 

/ 
/ \ 

40 23 27 27 27 24 37 46 39 52 40 45 44 42 36 35 31 29 29 42-43 60 34 42 43 44 42 51 49 47 41 41 34 33 30 29 23 10 10 15 18 14 13 16 12 1 1  

'26 24 23 27 37 36 37' 36 36 40 43 39 40 34 32 33 25 26 26 23 19 20 21 23 
\ 

- 

\ -  
\ 

I 26 23 25 27 27 30 29 20 25 26 23 17 19 10 21 

24 25 24 27-;7 22 22 21 21 10 10 19 10 15 14 1 1  13 
\ 
20-21 21 25 20 20 30 36 39 30 35 42 37 42 50 51 50 40 35 34 33 26 

\ 
28 25 20 30 32 31 27 30 30 37 30 43 36 44 46 44 49 50 46 
I 

34 30 30 34 37 32 31 31 31 33 35 34 35 40 42 47 50 

))23/) U 5. / 

25 

32 

40 
I / 

I Y 
\ 30 30 26 27 27 29 27 26 20 29 22 17 20 17 16 16 16 

/ 

- 
5 3 6  32 31 35 31 30 34 33 20 29 33 25 29 27 27 25 22 23-24-30 

34 33 30 39 27 36 39 35 46 30 36 32 36 37 34 25 32 30 26 33 35 34 33 34 40.35 39 37 35 37 35 35 34 41 35 36 34 34 33 

54 47 40 
L. - 

34 36 33 \ 

22 21 10 - 

I I I I I I I I I I I I I 1 1 I I 1 1 1 I I 1 I I I I 1 I I I I I 1 I 1 
I I 

AVERAGE 
38 90" N 30 

- 

90"  s I I 1 1 I 1 I I I I I I I I I I I I 1 I I I I I I I I I I 1 I I 1 I 

- 

44 

40 

37 

40 

38 

38 

36 

36 

37 

39 

37 

36 

36 
41 

49 

53 

43 

37 

35 

31 

28 

29 

32 

33 

35 

Map 91 GLOBAL AVERAGE (OCEAN) 37 % 



I 

r 

- 

-_ 

- 

9 0 "  N 

60" N 

30" N 

0 "  

3 0 "  S 

60" S 

9 0 "  s 

43 53 40 52 39 47 44 36 

42 
- 44 51 41 41 34 41 

43-5- 36 3L-- 

37 

Cir rus  + Cirrostratus + Ci r rocumulus 

* 

Amount- When- Present (X), 6-18 LT 

December, January, February (1952-1981) Ocean Areas Only 
ZONAL 

I I I I 1 I I 1 I I I I I I I I I I I I I I I 1 I 1 I I I I I 1 I I I 

180 " 150" W 120" w 90"W 6 0 "  W 30"W 0 "  30" E 60" E 90"  E 120" E 150" E 

'ERAGE 
60 

57 

55 

43 

37 

37 

38 

37 

35 

36 

37 

35 

30 

20 

29 

32 

34 

35 

31 

31 

31 

29 

29 

30 

29 

31 

38 

, Map 92 GLOBAL AVERAGE (OCEAN) 34 % 



Cirrus + Cirrostratus + Cirrocumulus 

Amount-When-Present (%), 6-18 LT 

March, April, May (1952-1981) Ocean Areas Only 

I I I I I I I I 1 I 1 I I I I I 1 I I I I I I 1 1 I I I I I I I I I I 90"  N 57 - 
40 U 

52 43 38 33 

42 41 33 41 41 28 

29 21 28 18 24 26 26 30 3 

29 27 23 29 26 30 

36 38 41 2t - 35 31 34 25 30 36 31 29 29 

37 
b - 

24 

6 0 " s  - 

- 

90" s I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I 1 I 1 I I I 
30" E 60" E 90"  E 120" E 150" E 180 " 150" W 120" w 9 0 "  w 6 0 " W  30"  W 0 "  

ZONAL 

AVERAGE 
- 

57 

57 

52 

40  

34 

38 

38 

38 

- 

36 

38 

38 

37 

33 

31 

32 

35 

35 

32 

30 

a9 

28 

28 

29 

30 

31 

33 

- 

- 

- 

- 

- 

- 

GLOBAL AVERAGE (OCEAN) 34 % Map 93 



&E 

- 

- 

ZE 

OE 

82 

LZ 

LZ 

BZ 

OE 

ZE 

SE 

LE 

PE 

LE 

I I I I I I I I 1 I I I I I I 1 1 I I I I I I 

62 

ZE 

ZE 

PE 

SE 

9E 

PE 

E& 

E& 

9E 

SP 

LS 

Lb 

LE LE 

EP LP BE LE 

/ 

/ 

92 LE’EE 

s?P E! LE E& 61 LE OE E& 

ZE &E VE ZE ZE 

It SE 6E E& ZE 9E 61 9& ZE OE 92 LE LZ LZ I 
PE 61 LZ PZ LE ZE LZ 

\ 

~LEOE62 

LE E& PE PE SE SE LE OP 42 61 
1 

LZ PZ LZ LZ PZ 
LE QZ SZ PZ LE 81 I / 

PE 82 92 ZE 82 LZ LZ PZ 92 PE OE 9E PE OE 42 82 ZZ PZ EZ-OE 
\ 

ZZ 92 62 SZ 92 LE OZ LZ 22 PZ EZ 61 OE 92.92 9E 91 LZ LZ ZZ SZ, A 

rl 

91 LZ 4 

EE 62 SE 
LE LZ LE LE PZ LZ 62 1 Zfi 

62 LZ 92 22. 52 81 LE 

33V83AV I 
I I 1 I I I I I 1 I 1 I 1 I 1 I I I I I 1 I 1 I I I I I I I I 1 1 I 1 

1VNOZ 

- S.06 

- so09 

- SOOE 

00 - 

- NoO€ 

- No09 

- No06 



0
 

m
 

b
 
r
 5 B
 <
 

m
 .* b 0 m n
 

0
 

0
 

m
 

b
 

Z
 

U
 

u
)
 
0
 

v
)
 

0
 

- 
w

 
0
 

m
 -
 

0
 

- - 
Q

, 
0
 

m
 -
 

0
 

(0
 
0
 

m
 

0
- 

A
 

ru
 
0
-
 

0
 

m
 

A
 

rn
 
0
-
 

0
 

m
 

A
 

00
 
0
-
 

0
 

-.
. rn
 
0
 - 

0
 s A
 

h
) 

0
-
 

s 0
 

u
)
 
0
 

0
- 

s 0
,
 
0
 

0
-
 

z w
 
0
 

0
- 

s 0
 

0
- 

I
 Q

, 
0
 

v
)
 

0
 

L
,
 

i t Jw
 

VI
 

w
 
0
 

v
)
 

0
 

0
 

0
 

(r
c
 
0
 

Z
 0
 

Q
, 
0
 

z
 

0
 

u
)
 
0
 

Z
 

0
 

N
 

OD
 

w
 

N
 

h
l 

w
 

w
 

w
 

w
 

w
 

w
l

w
 

W
W

W
~

W
O

~
~

 

6
 

P
6

6
P

O
N

V
I

 

6
P

O
 

m
u

 
- 92

 

B 

N
 

m
 

N
 

U
 

W
 

w
 

&
N

O
 

N
6

P
 

w
w

 
V

I
9

 N
 

9
 

N
 

VI
 

N
 

U
 

0
 

0
 

0
 

m
 

N
 

VI
 

W
 

w
 

N
 

9
 

0
 

0
 

W
 

9
 

N
 

U
 

w
 

VI
 

N
 

w
 

VI
 

4
. I?
 

W
 

P
 

N
 

9
 

W
 

P
 

N
 

9
 

w
 

4
 

N
 

6
 

0
 

0
 

N
 

-I
 

N
 

m
 

w
 

0
 

N
 

9
 

N
 

U
 

N
 

m
 

w
 

0
 

W
 

ru
 

w
 

0
 

0
 

P
 

w
 

0
 

w
 

VI
 

w
 

P
 

N
 

U
 

N
 

P
 

N
 

9
 

0
 

0
 

w
 

P
 

VI
 

VI
 

VI
 
6
 

VI
 

U
 

P
U

N
 

P
u

m
 

w
w

 
P

P
 

W
N

 
N

Q
 

N
 

U
 

U 0
 

v
) 

(D
 

U
 

+
 5 v (D

 
1
 

U
 0
 

0
 0' v (D
 
1
 

U
 z
 

0
 <
 

(D
 3 0
 

0
 

(D
 n
 

3
 >
 

1
 

(D
 

0
 cn 0
 

3
 

c
)
 

7
 

7
 

S
 

v
) + -. c
)
 

7
 

7
 
0
 

v
) +
 

1
 

U
 

+
 

S
 

v
) + -. c
)
 

0
 
0
 

C
 

S
 

S
 

v
) -. 7
 
1
 3 -
 

m
r

 



I ! _  
I 

I 16 18 14 1 1  19 21 19 13 14 
L 

I I I 1 I I I I I I 1 

Cirrus + Cirrostratus + Ci r rocumulus 

Average Cloud Amount  (%), 6-18 LT 

December, January, February (1952-1981) Ocean Areas Only 
ZONAL 

90"  N 

6 0 "  N 

30" N 

0 "  

30"  S 

6 0 "  S 

9 0 "  s 

'ERAGE 
16 

16 

19 

14 

13 

12 

11 

12 

11 

12 

13  

12 

10 

8 

8 

11 

15 

16 

1 3  

14 

13 

12 
11 

1 1  

11 

1 1  

15 

I I 1 I I 1 1 I I 1 I I I I I 1 I I I I I 1 I I 1 1 1 I I 1 1 1 I 1 1 AV 
16 I -- 20 17 16 

7 

/ lo 8 15 1 

d 

5 d  

7 8 i i (  

10 - 
1 5  15 17  -3 11 12'8 

17 11 12 1 3  18 

17 

- 

p 
1 'A 7 10 7 9 9 10 7 7 8 6 11 10 8 10 9 11 1 2 1 4  

8 8 9 8 9 7 9 7 8 1 1 1 4 1 4 1 2 1 2 1 3 1 2 1 3  

m l C 1 1  10 7 9 1 1  9 10 10 11 10 12 11 11 11 14 13  14 1 5  15 

'9  $ @ f 9  8 8 8 13 10 9 10 9 11 12 13 13  14 15 1 5  22 

s ' t 8  10 10 9 7 6 6 5 6 6 7 7 6 6 7 7 8 8 9 1 0 1 1 1 1 1 2 1 5 1 4  

7 8 b' k 
c\ 5 

u- 
7 . 8  

I \  
5 6  4 ~ 4 5 6 8  8 8 8  

8 - 7  4 6 6 5 5 6 6 5 6 4 4 5 4 5 5 6 7 9 9 11 10 9 
8 9 8 8 8 7 6 5 5 5 5 6 5 7 8'8 8 1 1 1 1  

7 * 6  f 6Lt '> 
16 16 15 14 14 15 15 16 7 11 9 11 10 8 8 8 11 10 10 

24 26 19 19 23 23 19 23 17 14 1 5  19 13  10 10 11 13  8 
/ 

25 30 29 20 22 30 39 28 20 18 15 11 10 9 10 6 7 

19 1 3  9 10 8 6 10 4 8 

1 5  15 1 3  9 6 7 6 

24 18 21 17 1 5  13  11 10 

18 14 1 1  13 13 8 10 9 7 8 8 1 1  11 12 16 16 19'17 16 16 17 17 17 16 14 14 

14'10 10 12 12 12 12 13  13 17 12 14 17 20 19  17 
\ 
11 1 1  10 10 11 11 12 13  14 15 18 18 17 18 17 

I 
9 10 10 11 12 8 10 12 13 14 13 15 14 17 17 

23 10 14 19 16 

18 L. 

18 15 15 18 15 11 

17 24 1 1  18 11 

8 B 14 11 10 8 7 2 6  40 9 8 8 7 7 8 8 10 9 12 14 15 1's 12 

12 12 10 7 8 7 8 \ b r ' - 1 l  11 14 12 13  15 15 14 1 5  15 17 \ 18 19  15 26 
6 9 13  7 5 8 9 1 3 1 5  I 

14 13  15 16 15 18 16 1 5  16 15 16 -', 
\ 13-11 11 12 8 7 7 8 7 11 14 

8 7 4 3 5 5 6 1 4 1 6  
\ 

I 
1 2 1 1  9 6 7 5 4 5 7 9 17 

5 5 4 4 6 6 13  
1 

15-15 14 12 8 2 3 4 5 4 6  
/ 
12 10 14 18 17 12 11 7 8 3 3 3 3 

4 4 3 3 3 5 6 17 

\ 
5 4 5 3 3 4 3 1 4 1 5  i 

8 7 5 4 6 7 5 3 3  7 1 5  

1 7 1 3 9  8 8 6 6 \ )15 I 11 10 

\ 

1 1  7 18 9 

16 14 12 9 11 9 

14 13  1 5  11 16 

19 13 13  

4 > 
6 
I Y 

10 / 11 1 1  13  12 14 17 14 10 11 7 7 5 5 5, 

i 3i$-ii ii 13 1 1  

16 

12 

10 

4 

5 

6 

13  

7 

4 

4 

5 

3 

6 

17 20 20 ?8&3 -25 20 2 7  

24 25 19 
18 

r 
I I 

Map 96 GLOBAL AVERAGE (OCEAN) 13 



Cirrus + Cirrostratus + Ci r rocumulus 

Average Cloud Amount  (Z), 6-18 LT 

- 

- 

- z 3  - 
I I 1 I I I I I I I 1 I I I I I I 1 I I I I I I 1 I I I I I 1 I I 

March, April, May (1952-1981) 

- 

- 

Ocean Areas Only 
ZONAL 

I I I I I I I I I I I 1 I 1 I 1 1 1 I I I 1 I I I I I I I I 1 I 1 I I I 
AVERAGE 

90" N 27 27 I 

60"  N 

30" N 

3 
0 "  

30" S 

60"  S 

90" s 

p -? 

19 15 1 

14 12 14 14 1 3  15 13  13'2i-13 14 r 

31 31 29 33 

13 7 3  1 1  

.7 

10 10 

14 13'12 

3 13 

7 14 16 
rk- ,-.. 

0 

1 
12';: 12 10 11 11 10 9 10 8 12 10 11 11 12 13  13 13  15 1zF5 

12 12 13  12 12 12 13 12 14 12 15 18 18 1 5  13 16 1 5  13 13  13 15.12 

&2{17 17 15 14 17 15 16 15 16 18 15 18 17 14 1 5  14 15 14 12 1 1  11 12 

19 15 15 1 5  14 14 13  

f6  1 5  14 14 14 11 11 

25 18'16 15 13 15 14 14 16 13  13  12 12 10 10 10 

%' r' 
h $ 

7 \ 
1: 

'17 g f l g l 8  16 15.14 23 16 16 16 14 16 1 5  15 16 14 14 13  18 12 11 10 1 
5 

15 13 13 12 11 12 11 10 11 12 12 12 10 11 12 12 12 12 13  12 9 9 l l - l S l 5  19 17 14 1 4 1 3  11 11 12 11 11 11 10 10 10 8 9 8 9 
\' I 1 

0 < \ f l  -7 > 
11 -24 9 8 7 9 8 7 7 7 7 8 8 9 10 11 13  12 13  13  14 15 13  14 12 14 15 17 14 11 1099  9 9 9 9 8 9 9 8 9 9 9 10 

7 8 8 7 10 9 9 8 8 7 8 9 10 12 14 12 12 12 15 15 16 1 5  14 11 13  13 14-15 15 12 10 10 10 9 9 9 8 10 10 10 10 10 10 13  
4 ~ 5  6 5 6,,10 10 1 1 ~ 9  7- 4 

'4&'6 6 7 8 10 13  12 12 13  13  16 14 14 1 5  17 27 37 16 13  16 16 12 13  12 12 11 12 15 16 13  12 13  14 12 12 15 17 17 14 1 5  15 13 13  11 12 10 10 11 11 11 12 16 14 

18 18 21 17 20 24 24 20 18 
\ 

1119  9 9 1 1  14 le t19  20 18 15 13 18  20 10 1 1  9 10 11 19 13  12 16 14 16 1 7 k 2 h g d Y 1 4  - 1 3  12 11 13  14 12 1 5  20 22 w 24 17 26, 
9' 10 12 13  15 17 17 22 22 25 17 11 11 12 10 14 9 12 8 8 6 11 11 7 7 10 11 13  19 16 

16 1 5  16 9 

10 1 1  11 13 16 16 20 20 22 24 11 1 5  11 12 8 9 10 5 5 5 6 7 5 6 5 7 7 7 8 15 

13 12 9 13  1 1  16 15 17 17 1 7  18 27 13  12 13  14 9 7 8 9 6 8 7 5 6 7 6 6 7 9 14 13  

13 8 10 13  12 14 15 15 14 16 14 13  11 1 1  13  12 22-21 1-7 16 17 18 16 19 18 15 17 17 16 14 10 11 10 8 7 6 7 7 6 6 6 7 5 5 7 14 
i \ 
\ 

12,ll 11 13  10 

6 2 9 9 9 11 13  10 9 12 17 17 19 21 18 18 16 16 1 5  12 13 

10 8 9 9 10 11 7 10 10 12 13  12 16 14 17 22 14 16 9 

1 1  10 9 10 1 1  9 11 9 7 10 8 9 8 8 10 w ' l 2  12 12 12 14 16 16'17 15 1 5  16 16 14 12 11 11 8 9 7 6 7 7 6 

2-8 9 9 11 12 12 10 14 1 5  14 1 5  21 15 17 14 14 13 9 10 8 10 

I 

/ 
5 

\ 
8 8 8 8 9 1 0 9 1 0 8 1 0 8  5 9 7 8 8 8 

6 9 11 11-1.1 9 7 7 6 6 8 7 8 8 8 9 11 

I Y 
14 9 14 11 14 / 2 $16 

22 18 19 

9 9 8 8 9 11 8 11 11 8 11 9 9 10 9 8 9 v l l  

12 10 13 9 9 10 8 11 14 12 10 12 8 10 10 1 1  9 9 12 13 12 12 

I d  

1 t'  

6 6  14 WO -26 w t 

30 

21 

1 5  

13  

1 5  

14 

14 

1 3  

14 

15 

14 

12 

10 

10 

14 

16 

16 

1 3  

1 3  

11 

10 

10 

11 

11 

12 

GLOBAL AVERAGE (OCEAN) 13 % Map 97 



90" N 

6 0 "  N 

30" N 

0 "  

30" S 

60" S 

9 0 "  s I 1 I 

Cir rus + Cirrostratus + Ci r rocumulus 

Average Cloud Amount  (Z), 6-18 LT 

June, July, August (1952-1981) 

I I 1 I I I 

Ocean Areas Only 
ZONAL 

I I I I I I I I I I I I I I I I I I I I 1 I 1 I 1 I I I I I I 1 I I I AVERAGE 
23 I 

17 -- 31 29 
16 38 26 -- 7 

zo B 
-15 

28 43 

16 

5 ,  J52 

15';; 15 13  14 13 14 17 18 18 

16 16 19 17 15 16 16 1 5  15 17 18 

'17 g @ 6 2 2  19 19 .19 29 19 16 15 13  

h* 
&2$21 21 k 19 15 17 17 17 18 18 17 15 

4 
18 21 23 24 15 16 14 15 16 1 5  14 15 13  

18 18 15 18 17 17 16 14 14 16 10 

21 25 24 19 21 25 29 20 

14 17 17 14 16 

10 

5 - 4  4 5 6 6 8 9 
\ 
6 7 7 5 7 7 9  
I 

7 7 8 7 9 9 8  

2 8  6 9 8 1 0 1 0 8  6 8 5 6 4 6 

, 
L. 

9 #17 14 16 

20 

20 

16 

13 

w 

2=- 

14 17+ 

-- -7 

9 8 8 8 6 6 

r 
21 17 18  13  14 12 11 10 9 * 8  

13 13  12 13 12 11 10 8 7 7 

1 1  1 2 1 2 1 0  9 8 8 7 6 5 6 

$ 

26 18*19 18 15 14 12 10 9 7 7 5 5 5 4 4 - 6  
L - 

15 15 14 1 4 1  
\ !  

1 2 1 1  8 9 7 7 8 6 6 6 5 

-2 
10 9 10 10 8 9 7 10 9 8 9 11 10 9 7 6 5 6 5 8 10 

13  12 10 10 9 9 7 10 12 17 

/ 

11 12 11 11'9 9 11 9 10 9 10 
< 

9 13 14 10 10 16 19 15 18 21 21 26 2 2 2 4  24 21 18 15 15 14 13  12 12 12 10 14 16 23 
\ 

14 16 1 5  11 

22 18 11 1 1  10 10 11 1 5  10 10 12 18 1 5  24 26 22 24 ".Lf. 26 32 '-14 12 12 12 10 16 1 5  20 22 19 16 11 15 

2 8  7 6 7 8 9 

h 4 - 5  4 4 6 6 6 7 6 8 9 35 5 4 4 5 5 5 3 1 0 8  

6 5 6 6 6 5 4 5 4 3 8  

8 7 7 6 5 4 4  

7 8 8 4 4 4  

I 

11 11 10 7 8 6 6 8 3 7 7 8 9 9 9 1 2 1 2 1 7 2 1  

1 2 8 7 1 1 5 5 4 4 1  

9 8 8 5 5 3 3 3 3 2 2 3 4 3 3 5 6  

1 3 7  7 4 4 5 3 3 3 3 3 3 4 4 3 8 

9 7 6 6 5 6 5 7 5 4 5 4 4 2 4  

9 8 10 8 9 1 0 1 1  11 11 8 9 9 4 

6 8 8 13 15 15 14 1 4  15 13 17 14 8 

7 9 10 11 14 11 16 16 

13  

10,lO / 7  8 9 
5 6 8  

9 

18 

1 1 1 0 8  / 9 9 6 

> / 
1 5  14 14 10 9 9 1 4  1 1  10 11 8 8 8 8 8 

Y 8 9 9 6 9 9  1 7  I 

17 14 

4 
w t 

I- 

23 

26 

23 

17 

15 

16 

15 

16 

15 

14 

13  

12 

11 

12 

15 

19 

20 

15 

12 

10 

8 

6 

6 

8 

9 

9 

Map 98 GLOBAL AVERAGE (OCEAN) 12 Z 



3 
Cirrus + Cirrostratus + Cirrocumulus 

Average Cloud Amount (Z), 6-18 LT 

3 

September, October, November (1952-1981) Ocean Areas Only 
ZONAL 

I I I I I I I I 1 I I 1 I I I I I I I I 1 I I I I I I I I I I I I I I I 
AVERAGE 

I 21 90" N 21 

60"  N 

30" N 

0 "  

30" S 

24 
- -- 8 d  18 

d- 

14 14 

1 1  15 

15 
13 

13 
14 12 

12 
13 

12 
10 

10 

13 

B 16 

18 

13 
1 1  

11 

9 

8 
9 

10 

1 1  

15 15 9 12 

29 23 16 

25 34 24 20 -- 16 
19 13 - 9 

17 1 1  1 1  12 17 

12 15 14 15 
- - 

13 

12 1 1  

,-14 

- 

- - 

k 6 - 5  5 5 6 4 3 4 5 8 1 1  \ 
3 5  

4 4 5 3 5 5 5 1 1 1 1  
\ -  

8 8 6 6 6 6 5 7 6 1 1 1 1  I 
I 

\ -  > / 

I Y 
1 1  12 9 9 12 12 12 15 15 14 1 1  10 9 8 9 

4 - 5  6 8 7 9 9 1 1  15 1 1  14 15 13 12 15 15 16 1 1  12 10 9 > 6 8 9 8 8 9 1 1  15 12 14 18 1 1  14 15 14 18 17 14 

1 1  10 9 9 10 10 1 1  12 1 1  12 1 1  13 13 16 13 18 22 10 I 

- - 

- - 
12 

v 

13 13 1 1  1 1  9 12 1 1  1 1  14 16 13 12 1 1  7 

b 
17 10 

60" S 

90" s 

13 13 8 _I I- 

1 
I 1 I I I I I 1 I I I I I I 1 I I I 1 I 1 I I 1 1 1 I I I I 1 1 I I 1 I 

60"  E 9 0 "  E 120" E 150" E 180 " 150" W 120" w 9 0 "  w 60" W 30" W 0 "  30" E 

GLOBAL AVERAGE (OCEAN) 13 % Map 99 



Sky Obscured Due to Fog 

90"  N 

Frequency of  Occurrence (%) 

I I 1 I I I I 1 I I 1 1 I I 1 I I I AVERAGE 
I 0 0 

December, January, February (1952-1981) 

- 

- 

- 

-. 

Ocean Areas Only 
ZONAL 

6 

7 

7 

8 

2 3 2 1  2 6 

2 
1 

1 0 0 1 4 4 7 7 6 9 1 0 8 6  1 3 9 7 8 9 6  
9 8 9 7 6 5 5  5 7 2 2 2 3  2 3 4 0 4  8 7 3 4 !&1-3 12 21 20 18 17 12 1 0 -  

3 3 2 4 2  3 2  3 3 3  6 8 9 10 1 1  6 10 14 18 17 20 10 9 13 6 12 
3 7 17 1 1  12 15 16 14 13 

1 1  1 1  9 9 6 5 5 

1 8 15 9 0 1  5 5 6 6 4 6 4 4 3 2 5  5 8  9 4 3  - 
7 1 1  1 1  13 9 9 8 7 9 9  

2 3 1 

- l e  2 n - 1  - 0 -  0 7  1 -  1- 1 -  

- 

0 

2 

-- 
a 

3+ 1 1 

0 0 0 

7 

3 

0 0 

60" N 

30" N 

0 "  

30" S 

60" S 

9 0 "  s 

Map 100 GLOBAL AVERAGE (OCEAN) 1 Z 



Lo
 
0
 

v
)
 

0
 

Q
, 
0
 

w
 
0
 

v
)
 

0
 

w
 
0
 

z
 

0
 

Q
, 
0
 

(D
 
0
 

z
 

0
 

0
 

0
 

0
 

Z
 

0
 

v
)
 

1
 

I 
I 

I 
I 

I 
I 

I 
1 

I 
I 

I.
 

-1 
I 

u
r

d
*

-
 

0
 
o
q
-
 

'i' e- 
P

 
P

U
O

 

u
0

0
 

m
a

0
 

u
u

o
 

m
 

w
*

 
0

 
0

 
w

 
o
q
o
 

N
A

N
):

 

u
 
0

 
0

 
o

~
o

.o
\o

 
v

 
0
 
0
 
"'"

-\
"\
 

> 
I

W
 

I 

0
 

m
 

0
 
0
 
0
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

o
f0

 

\ 0
 

(" 
;O+,N

 
/
 

- I
" 

0
-
o

f
0

 
,yv

p 
0
 

T 
Q

 
\
 

O
 
o
G
 P

 
0

0
0

0
 
0
0
 

P
 

u
'
 

O
 
"
\"
 t

4
-0

 
0
 
0
 
0
-
0
 
0
 

f
.

 
O

N
 

.
-

 
Q

 
P

 
w

 
- 0

 
0

 
0
'
.
0
 
0
 
0
 
0
 
0
 

0
 
0
 
&
o
P
o
 

N
N

O
O

O
O

O
O

O
O

O
O

O
O

O
O

 

P
N

-
-

0
0

0
0

0
0

0
0

0
0

0
0

0
 

1
 

(*
 

m
N

-
0

0
0

0
0

0
0

0
0

0
0

-
0

 -J 
0
1
 I 0

-
P

w
 

/
 

$
-

w
w

 
w

 
0
 

0
 
0
 
0
 
0
 

0
 
0
 
0
 

0
 
0
.
0
 

I
+

\
 

N
0

0
0

0
0

0
0

0
0

0
0

0
 

-
*

o
o

o
o

o
o

o
o

o
o

o
o

 

0
 

0
 

0
 

0
 
0
 
0
 
0
 
0
 

0
 

0
 
0
 
0
 

0
1

0
 

r 
0
 
0
 
0
 
0
 

0
 
0
 

0
 
0
 

0
 
0
 
0
-
0
-
0
 \
 

1 O
O

N
m

 
, 

I- 
f
 
7 /-
 

0
 

0
 

A
 

0
 

0
 
0
 
0
 

0
 
0
 

0
 
0
 

O
J

O
 

0
 

0
 
0
 
0
 
0
 
0
 
0
 

o
~

,
J

o
 

I4
 

/
I

 
o<o
,-\
 

+ 
0
 

0
 
0,
o 

0
 
0
 
0
 

0
 

0
 
0
 

0
 

0
 

4
 

L
 

-
*

 
\
 

1 

B
 

h
) 

N
 

A
 

0
 

0
 

N
-

?
 

-
0

 

N
O

 

N
O

 

N
\O

 

0
 

w
 

o
m

 

w
u

u
l

 

N
N

 

P
P

0
 

0
-
 

n
n

 

'?
 

v
) 

(D
 
n
 

h
 

s
'
<
 

0
 

(D
 

U
 

3
 

v
) 

0
 

'<
 

0
 

0
 

C
 

-h
 

7
 

(D
 

0
1

1
 

0
 

0
 
0
 

S
 

C
 

'7
 

(D
 

0
 

+
 

3
 

0
 

1
 

1
 

0
 

O
B

I
0

 
0
 

0
 
0
 
0
 

0
 
0
 
- -

 
r,

 
0
 
0
 
0
 
0
 
0
 

0
 
*
 

N
 

z\
: 

0
 

0
 
0
 

0
 
0
 
- N

 
N

 
w

 
2 

o
o

o
o

o
o

o
o

o
o

o
o

o
o

N
w

~
~

 
e
 

O
O

O
o

O
O

O
O

O
O

O
O

O
O

W
P

U
Q

 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

N
w

w
m

 
\ 

0
 

0
 

0
 

0
 

0
 

0
 
- 0

 
0
 

0
 

0
 

0
 

N
 

w
 

u
 
u
 

P
o

\
o

o
o

o
o

o
o

o
*

o
o

o
o

o
-

w
m

u
 

m
m

9
 

Lz
 

0
 

m
 
q

v
 

P
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

-
w

m
0

 

N
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

N
w

m
0

 
0
 

I 
--

 
W

 

A
 

N
 

0
0

0
0

0
 

*
o

o
o

o
 

0
0

0
0

0
 

-
0

0
0

0
 

-
0

0
0

0
 

0
0

0
0

0
 

0
0

0
0

0
0

 

0
0

0
0

0
0

 

0
0

0
0

0
0

 

0
0

0
0

0
0

 

0
0

0
0

0
0

 

0
0

0
0

0
0

 

0
 

O
N

P
9

.
U

 

0
-

*
0

w
 

0
-

0
0

u
 

o
o

w
9

.
u

 

O
O

N
D

U
 

0
0

-
0

9
.

 

I 
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
-

w
m

 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
-

N
P

 

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
-

N
w

 Y
I
 

m
 

P
W

 

u
9

.
 i m r' U

 

w
 

- N
 
0
 

0
 

0
 

0
 

0
 
-
y
o
 

w
 1

. 0
-
 

-~
o

-w
.N

_
.o

 
0

 
0

 / 
l
o
 
o
t
o
 

0
 
0

 
w

 

- 0
 

o
'o

\o
 

9
u

 
\ 

aD
 

0
0

0
0

 
0

0
 

0
 

0
0

0
0

0
0

0
0

0
 

9
.

N
-

0
0

0
0

0
0

0
0

 

N
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

N
O

O
O

O
O

O
O

O
 

L
-
 

u
 1

0 
L

i
 .
 

m
u

 

- 0
 

0
 
- 0

 
0
 

0
 

0
 

0
-

0
 -

+
-J

o
-e

o
 

N
-

 
\
-
 

N
9

 
- 0

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 
0
L
.
:
 

0
 

0
 

0
 

0
.
0

 
0
 

0
 

0
 

9
. 

;( 

u
l

w
 

0
0

-
P

 

0
0

-
-

 

.
o
 0

 
- -

 
0

0
-

-
 

0
0

-
-

 

0
0

-
-

 

0
0

-
-

 

o
m

 

-
0

 
.

-
 

0
 

0
.
0

 
0
 

0
 

.-
 

0
0

0
0

0
 

0
 

0
 

CD
 

0
 
3
 

0
 

0
 

O
"
0

 
0
 

0
0

0
0

0
 

0
0

0
0

0
 

9
 

Q
 

v
) 2 

-
-

0
0

0
0

0
0

0
0

0
 

-
0

0
0

0
0

0
0

0
0

 I 
d

u
 

-
 

0
0

0
0

0
0

0
0

0
-

0
 

\ 
'0

-0
 
,
\
I
 

l
D

m
0

0
0

0
0

0
0

0
0

N
 

,
J
 

P
-

 

Q
 

w
 
- 0

 
*
 

w,w
-0,o

'o 
P

r
n

 
/
 

P
 

N
 
0
 
-'e 

I 
1 

1 
I 

1 
I 

1 
1 

1 
1 

I 
1 

I 
1 

I 

0
 

3
 

%
 -
 

A
 

0
 

A
 

N
 

0
 z
 * r 

m 
-

>
 

0
 

m
 



1 
1 

I 
1 

I 
I 

I 
1 

I 
I 

I 
I 

I 
1 

1 
*.ol 

0
 

O
/-'-.m

" 
0
 

0
 

0
 

/
 

P 
- 

O
O

O
O

O
O

O
O

O
r

 
r
/
 

h
 

C
 
0
 

-
 v

) 
U Q

, 

Q
: 
L
 

0
N

0
0

0
0

0
0

0
0

 

0
0

0
0

0
0

0
0

0
0

 

0
0

0
0

0
0

0
0

0
0

0
 

1 
.$&

-F
i 

*G r
 

N
\- 

c
 

N
 

I
 

9
0
 

N
-

O
O

-
 

0
0

0
0

0
0

0
0

0
0

0
 

-".\ZK 1: - 
0
 

0
 

0
 \
 .
-
r

o
~

o
 

1
 0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

m
-

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 

*
c

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

 
lr 

o
 

\ 
9
-
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-
 

0
 

b
 

N
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 orno-0 

0
 

0
 

0
 

0
 

g 
-". 

0
 

0
 

0
 

0
 

0
 

0
 

0
 OF 

-I 
\
 0

0
0

0
 

\ $5: f 
m

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 d 

c
c

 
\ 
o\- 

- 
0
 

\
 

m
o

m
~

=
o

o
o

o
o

o
o

o
 

O
b

 
0
 

9 
A

$
 :
 0
 

0
 

0
 

0
 

0
 

0
 

0
 (
*
 

9
l-N

 
m

 
0
 

k
-

 
-

7
 

0
0

0
0

0
0

0
 

.
e
 

-
0

0
0

0
0

 
f 

-
 

'-4m
 

-
4
u
0
 

0
 

0
 

O
-N

X
N

, 
b

 
0
 

0
 OLb 

o
b

 
L 

1
 

L
v

 
=
G
o
 

o
r
o

flo
 0

 .
o
-
0
 

0
,
-
 

0
 

0
 
c
 

0
 

N
 

0
 

-
m

 
0

0
0

0
0

0
-

 

o
o

o
o

c
o

~
*

 

0
0

0
-

0
0

 

0
0

0
0

0
0

 

;-a
b
: 

0
 
o
/
k
 

0
 

0
 

o
-0

fo
 J

 0
 

0
0

0
0

0
 

i 0
-
0

 ;{ 0
 

0
 

0
 

I 

0
0

0
0

0
0

0
0

0
 

J
 

J
 

O
f
0
 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

O
L

d
O

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

4
*

 
0
 

LL 
a, 
0
 

0
 

c al 
a, 

L
 

3
 

3
 

n
 
0
 

0
 

+
 

L
 

-
-

0
0

0
0

0
0

0
0

0
0

0
 

c
 

/"= 
p
L
,,b

 
- 

0
 - 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

~
*

m
N

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
 

g
m

m
-

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
 

m
 

9
 

1
 

o
m

-
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
 

m
 

n
 

-
 

9
 

~
;

p
9

~
0

0
0

0
0

0
0

0
0

0
0

0
0

0
~

~
 

~
~

9
-

0
0

0
-

0
0

0
0

0
0

0
0

0
0

0
N

 

-
0

0
0

0
0

0
0

0
0

0
0

0
0

0
r

-
 

(a 
:
 - ~

~
N

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
r

u
m

 
0
 
0
 

0
 

v
 

w
 
a
 

a
 

w
 

>
 

y
~

9
g

~
N

O
O

O
O

o
0

0
0

0
0

0
0

0
0

~
c

 
--( 

N
9

,
 

0
 

n, 
~

~
m

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
N

N
 

-
0

 
a, 
L
 

Y
- 

3
 

0
 

0
 

;
~
9
-
0
0
0
0
0
0
0
0
0
0
0
0
0
0
.
-
9
 

0
 

m
 

N
 

g
~

b
-

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
~

 

0
0

 

0
0

-
 

0
0

0
 

c
 

J
 

o
f0

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

, 

v
) 

%
 

0
 
t
 

1
)
 

O
a
,
 

%
I

 
ZL 

U
 

a, 
0
 

LL 
L
 

1 
0

0
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

 
-
\
 

c
 

Q
, 

S
 
3
 
7
 

Z
 

0
 

Z
 

0
 

(D
 

0
 

Z
 

0
 

v
, 

0
 

v
, 

v
, 

LT 
0

 
0

 
U

 
2
 

0
 

0
 

(D
 

cn 
0

 0
 



(D
 

0
 

v
)
 

0
 

a,
 

0
 

v
)
 

0
 

w
 

0
 

v
)
 

0
 

w
 

0
 

a,
 

0
 

0
 

0
 

0
 

z
 

0
 

0
 

z
 

0
 

Z
 

I 
I 

1 
1 

1 
I 

1 
I 

I.
 

-1 
1 

I 
1 

I 
I 

A
 

0
0

 
P 

0
2

0
 

-
0

 
P
 *

o
 0

.
 

0
 

&
- 

R
 

\
 

w
o

o
o

o
 

0
-
O

f
0

 
0
 

0
 

0
 

I 

I P
- 

r
 

u
‘
 

1
1
 

A
 

- -
 - 

0
 

0
-
0

 
0
 

0
 

0
 

N
 

L
-
 

0
0

0
0

0
 

0
0

 

0
 
- -

 o~
o

.-
\o

 
0
 

0
 
o\
o 

4
0

-
 

v
 

N
 
- 0

 
0
 

0
 

0
 

0
 

0
 

0
 

v
)
 

CD
 

U
 +
 $ W
 

CD
 
1
 

* 
VI
 

Q
 

N
 
- 0

 
0
 

0
’.

O
 

0
 

0
 

0
 

0
 

0
 

0
 
;,O
F0 

0
N

-
0

0
0

0
0

0
0

0
0

0
0

0
 

N
P

 ~
N

-
o

o
o

o
o

o
o

o
o

o
o

o
 -1 

v 
(*

 
N

N
-

0
0

0
0

0
0

0
0

0
0

0
-

0
 

4
 

/
 

nL
-?
 

-
-

0
0

0
0

0
0

0
0

0
0

 

-
-

0
0

0
0

0
0

0
0

0
0

0
 

-
-

0
0

0
0

0
0

0
0

0
0

0
0

 

0
 
- 0

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
1

0
 

w
 
o
 
o
 
o
 
o
 
o
 
o
 
o
 
o
 
o
 

0
-
0

-
0

 \
 

A
 

l- 

? 
VI
 

1
 
/
A

 

0
 

W
 

CD
 
1
 

* 

A tu 
L 

- 0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

O
J

O
 

0
 

J
C

 
[/

”
 

< 
P

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
1

0
 

0
 

0
 

0
,o

b
 

I1
 

1
1

 
b
 

0
 

0
 

0
 

O
./

O
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
-
0

 
P

 

0
0

0
 

-
0

0
 

0
 

0
.

0
)

o
 0

 
0
 

0
 

0
 

0
 

0
0

0
0

0
0

 

VI
 

.? 

-
-

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

N
V

I
 

-
-

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

w
w

 
N

N
 -
\
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
-
P
P
 

w
\m

o
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 
- w

 
0
 

N
V

I
 
m

-
~

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

w
P

 

P
-

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
-

w
P

 

N
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
-

w
V

I
 

N
-

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
-

w
V

I
 

N
w

-
o

o
o

o
o

o
o

o
o

o
o

o
o

o
-

w
0

-
 

-
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
w

o
 

-
-

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
w

V
I

 

c 
*

N
 

P
o

-
-

o
o

o
o

o
o

o
o

o
o

o
o

o
-

P
V

I
~

 

0
 

A
 * 

-
-

~
0

0
0

0
0

0
0

0
0

0
0

0
0

0
N

V
I

 

N
-

-
o

o
o

o
o

o
o

o
o

o
o

o
o

o
N

P
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

-
w

p
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
-

 

-
0

0
0

0
0

0
0

0
0

0
0

0
N

~
m

P
 

0
0

0
0

0
0

0
0

0
0

0
0

-
w

 f 

0
0

0
0

0
0

0
0

0
 I

,
 

\ 

N
O

 

W
 

0
 

w
*

 
\
 

a
-

 

O
N

O
-

 
P

S
 

P
N

-
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

N
 

J
S

 

N
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
N

 

-
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
-

 

O
R
0
 - 

’?
 

CD
 

C
 

CD
 
3
 

0
 

‘<
 

7
 

n
 

J 
w

 

0
 

U
 

v
) 0
 

C
 

m
 

Q
 

7
 

0
 

r
 

0
 

+
 

N
 i 

0
 

0
 
0
 

S
 

m
 
3
 

0
 

CD
 

7
 

7
 

0
 

S
 

CD
 

P
 
z
 

W
 

+
 

0
 

n
 

0\9
 

W
 

0
 

0
 

CD
 n
 

3
 

N
 

0
 

0
 
- 0

 
0
 

0
 

0
 

0
 

0
 
o,
o,
- 

0
 

0
 

c 
\
 0

0
0

0
-

 
/
 

-
0

0
0

0
0

0
0

0
0

0
 

m
m

 
- -
 

0
0

-
 

I 
* 

N
 

N
fN

 
- 

-
0

0
0

0
0

0
0

-
0

 

- 
8
 

- 0
 

0
 

4,
--0

,o
’o

 
f
 

0
 

O
’V

I 

I 
1 

I 
I 

I 
1 

I 
I 

I 
1 

1 
I 

I 
I 

b
 

9
 

n
 

v
) 2 

z
 

n
 

U
 

0
 

3
 

‘<
 -
 

3
 

m
 

a
 
0
 

m
 

-
-

o
o

o
o

o
a

o
o

o
o

o
o

o
o

o
~

~
~

~
~

a
~

~
~

~
 

&
-
I
 



E 

L 

L 

0 
0 

L 

L 

2 

E 

& 

2 

L 

L 

L 

L 

2 

L 

E 

5 

L 

9 

b 

2 

E 

2 

L 

L 

2 

E 

L 

21 

22 

bb 

- 

- 

I I I I I 1 I I I I I 1 I I I I I I I I I I 1 S .O6 
- 
Q - L t 

L 0 2 

L 0 0 L L 0 000000 -7-7 - b - E-0) - 9- t 8, E-E-~Z-&--T- 

L L 00 L 4 00 L L 00000 L L LO L 000 0 0 0 L 0 0 

000 L L - z r. ’;7rL -x 



Completely Clear Sky 

Frequency of  Occurrence (X), 6-18 LT 
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Interannual Variation of Total Cloud Cover : 
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Trend of Total Cloud Cover : 

Change in %-Cloud-Cover from 1952 to 1981 
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Trend of Cumulonimbus : 

Change in %-Cloud-Amount from 1952 to 1981 
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Interannual Variation of Sky- Obscured - due- to- Fog : 

Standard Deviation (detrended) of Seasonal Means (0.1 % Frequency of Occurrence) 
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Trend of Sky-Obscured-due-to-Fog : 

Change in %-Frequency-of -Occurrence from 1952 to 1981 
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Interannual Variation of Completely Clear Sky, 6-18 LT: 
Standard Deviation (detrended) of Seasonal Means (0.1 % Frequency of Occurrence) 
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Change in %- Frequency-of -Occurrence from 1952 to 1981 
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Most - Frequently- Occurring Cloud Type 
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