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PREFACE

This is the second of a series of atlases to be published as part of an extensive study of
the global cloud climatology from ground-based observations. The first atlas, published as
NCAR/TN-201+STR, described ihe observed simuitaneous occurrence of diiferent cioud iypes
over the oceans. The present atlas covers a similar analysis of cloud observations over the land.
The classification and grouping of cloud types, and the general methodology of determining
different cloud type co-occurrences was discussed in the first atlas, and the reader is referred to
that atlas for details of the procedures used. Additional discussion is contained in the present
atlas to describe those cases where a different procedure was followed either as an improve-

ment, or to fit the different circumstances under which land-based cloud observations are made.

The current cloud climatology study is part of the International Satellite Cloud Climatol-
ogy Program (ISCCP) and will provide a complementary data set for evaluating and validating

results from the First ISCCP Regional Experiment (FIRE) and subsequent field experiments.

The ground-based global cloud climatology program is supported by the Carbon Dioxide
Assessment Program of the Department of Energy, and the National Climate Program Office of
NOAA under grant number NA 80 AA-D-00030 to the University of Colorado. This atlas is
published with the cooperation of the National Center for Atmospheric Research, supported by

the National Science Foundation.
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1. Introduction

Clouds are of primary importance in processes that produce the earth’s climate system and
thus constitute basic variables in describing and determining that system. Because of their solar
and thermal-infrared radiation characteristics they strongly modify the earth’s radiation budget.
Clouds are affected, in turn, by various components of the earth’s radiation field in addition to
heat and moisture transport on different scales of atmospheric motion. They occur practically
everywhere in the iroposphere and are found in different sizes and shapes. However, particular
cloud types are predominant under certain conditions. They tend to take on different forms
depending on the nature of the underlying surface and physical factors contributing to their

evolution.

Meteorological observations show that when clouds are reported it is usual for two or
more cloud types to be present at the same time and frequently at different heights. However,
when a multilayered cloud system exists, ground based observers cannot always identify the
amount, or in some cases, even the presence of upper-layer clouds. An analogous situation
applies for observations taken from platforms located above the top cloud layers (satellite
observations). The mechanisms through which clouds interact with their physical environment
are complex involving their horizontal and vertical geometry as well as their microphysical
characteristics both of which are represented, in part, by their cloud type designation. It is thus
useful, in considering the role of clouds as they effect climate and climate variations, to provide
a description of the global distribution of various cloud types as well as of total cloud cover.
The radiative inputs to the earth-atmosphere system are functions of the top and bottom boun-
dary conditions of the cloud ensembles, and information contributing to correct inference relat-
ing the co-occurrence of different cloud types could improve the radiation calculations of cli-
mate prediction models. In addition, such information would provide data for cross-calibration
of different observing techniques and constitute an important pragmatic guide for computation

of the generation of clouds in numerical climate models.

Clouds have traditionally been reported from routine observations taken at land-based

weather stations, on ships at sea or from aircraft. With the advent of satellites, an additional
important mode of cloud observations became available. Satellite cloud observations have the
distinct advantage of near global coverage with a high density of observations in time and space.
Inference from these observations, however, cannot easily be made with regard to most cloud
types, particularly when clouds are present at different atmospheric levels. Different cloud

types can still best be identified by direct observations of well trained ground based observers.

This atlas is similar to one published earlier on the simultaneous occurrence of different
cloud types over the oceans (Hahn et al., 1982). It is based exclusively on data reported from
land station surface synoptic observations for the ten year period 1971-1980. We present below
a set of maps which show, for each of the four seasons, the frequency of occurrence of each of
six cloud types, of fog and of clear skies, in addition to the contingency probabilities P(A => B)
by which is meant: given the presence of type A, the probability that type B also occurs. This
atlas, however, does not contain any information about cloud amounts. Such information will
be published in later atlases along with analyses of the variability of total cloudiness and clouds

of different types, both over the oceans and over the land.

The present atlas makes use of the same methodology as that used in the corresponding
atlas for the oceans. The reader is referred to the text of that atlas for a discussion of the
details of the method of analysis. Some additional information is provided here for those few

cases where the procedure used for the land data was different.

The same quantities are mapped here as were mapped in the ocean atlas, and the order
and numbering of the maps is the same. The maps for the land, however, are at 5° x 5°
latitude-longitude resolution, instead of the 15° x 30° resolution used for the oceans. As men-
tioned above, the only source of data used here is the routine weather observations from land
stations, coded by the observers into the WMO synoptic code (WMO, 1974). Therefore,
although many of the 5° x 5° boxes contain some ocean area, the values plotted apply only to

the land portion of the box.



2. Data Source

Synoptic reports from land stations were obtained on magnetic tape from the "SPOT"
archive of the Fleet Numerical Oceanography Center (FNOC) in Monterey, California. The
SPOT archive begins in October 1966, but for the years 1966-1970 there are many mislocated
data and almost no observations from the Southern Hemisphere. In these early years the SPOT
archive is also lacking the station identification numbers. Beginning in January 1971 the
archive consists of high quality data with global coverage. Therefore, for this atlas we analyzed
ten years of data, 1971-1980, a total of approximately 100 million observations. This is about
ten times as many observations as were used for the ocean atlas. The observations are nor-
mally made every three hours, with somewhat more at GMT hours divisible by 6. Typically
about 4100 stations appear in the archive at 0, 6, 12, 18 GMT and about 3000 stations at 3,

9,15, 21 GMT. About 20% of the stations do not make observations at night.

All observations were weighted equally, irrespective of year. No thorough study was
made of the interannual variation of the contingency probabilities; however, three-year subsets
of 15°-zonal means were examined for December-January-February. As long as the longitudi-
nal coverage within the latitude zone was comparable in the different subsets, the computed

values usually differed from each other by less than 1%.

3. Method of analysis

The grouping of the 27 standard cloud types into 6 types for this study is the same as that
used in the ocean atlas, and is given in Table 1. This table is the same as that given in the
ocean atlas except for some additions to clarify the specifications of nimbostratus and stratus.
The detailed procedure for assigning types from a single observation is given in Figures 1-4.
Abbreviations used in those figures (and in the text) are given in Table 2. Details of the pro-
cedures for computing the co-occurrence probabilities are not shown here; they are given in

Sec. 4d of the ocean atlas.

The land data set also contains observations from a few automatic weather stations which

were improperly coded into the archive. Reports from these stations should not contain any
cloud information, so that the cloud fields should be coded as missing (unreported), but they
appear instead as zeros in this data set. These observations were found (with one exception
mentioned below) always to have the present weather coded as missing (ww = /), so we were
able to discard them on that basis. This policy (shown in Fig. 1) causes us also to discard some
valid cloud observations. However, less than 1% of the observations made by observers have
ww = / and these tend to be questionable observations in other respects, in that they are often
internally inconsistent (e.g. N,>N). Rejecting all observations which lack present weather

should therefore not bias our analysis.

The tests shown in Fig. 1 weed out nearly all the inconsistent reports, even though they
do not check for all possible inconsistencies, because the ones tested for are by far the most

common.

The data sampling criteria used in this atlas are more stringent than those used in the
ocean atlas. To compute a probability P (A => B) for the ocean atlas, the requirement was as
follows: Of the times that A was present in a given box and a given season, we required that in
at least 50 individual observations it was possible to see whether B was also present. For the
land we have changed this criterion from 50 to 200. This was done in order to reduce the
number of inconsistencies in the land co-occurrence probabilities. For example, the sum
P(St =>Ci) + P(St => As) + P(St=>Ns) + P(St=>NO) must be at least 1.0, where "NO"
means "no other cloud". Because these probabilities are not all computed from the same popu-
lations, the sum may occasionally be less than 1.0, an inconsistency which indicates that the
population was too small to give reliable statistics. This is only one of several such constraints
on sums of probabilities. With the criterion set at 200, the total number of such inconsistencies
was reduced to less than 2% of the total possible. A failure to meet this criterion is the reason
for blank locations on the maps. We do not regard these blanks as a serious lack of informa-
tion, since they occur in locations where the quantity plotted is of little importance: e.g. if cloud

type A occurred so rarely that P(A => B) could not be computed, then the actual value of this



Table 1. Table 2. Symbols Used
Grouping of cloud types
N total cloud cover
cloud types used shorthand observer codes included N 1
. : . . 1 h ower cloud amount
in this paper notation in each type
CL iow cioud iype
Ci/Cs/Cc Ci Cy1-9 Cum middle cloud type
As/Ac As Cy 1,3,4,5,6,8,9;Cys 2,7 if not precipitating? Cx high cloud type
/ not reported
Ns?2 Ns If (precipitating)® and (Cy, 2,7 or C; 6,7)
WW present weather
' Cn .19 ) ) Fro (wa: 1TN_17 AN _AQ)
~u ~u o iy& I 10 \WW 1U-1/Z, 9U-%47)
St/Sc* St C, 4,5,8; C; 6,7 if not precipitating? or if Cy; = 2,7, / R rain or snow (ww 50-89)
T thunderstorm (ww 90-99)
Cb’ Cb C; 3,9

LAT latitude
LON longitude

1Cy = high cloud type; C,, = middle cloud type; C, = low cloud type. The numbering NCLR  number of reports of completely clear sky

scheme is defined in WMO (1956). NFOG number of reports of sky obscured due to fog
N=0 (clear) counts as a synoptic cloud report and is used in computing frequency of

occurrence of cloud types but is not used in computation of contingency probabilities. CLD  number of observations in which at least one cloud type is present

Ci cirrus

INs is also considered to be present when the cloud reports indicate "sky obscured” due to rain Cs cirrostratus
or snow (present weather code ww 50-89). Note that if the report has both (Cyy = 2 or 7) and )
(C. = 6 or 7) with precipitation, this is counted as a co-occurrence of Ns with St. The case Ce cirrocumulus
Cy =/ and Cp = St with precipitation is also considered to be a co-occurrence of Ns with St. As Altostratus
The present weather codes are defined in WMO (1974).

Ac Altocumulus
M Precipitating” means present weather code 50-89. Ns Nimbostratus

Cu Cumulus
4reports of "sky obscured due to fog" are excluded in the co-occurrence statistics.

St Stratus
5Cb is also considered to be present when the cloud report indicates "sky obscured" and the Sc Stratocumulus
present weather code is 90-99. This combination is quite rare. Cb Cumulonimbus

NO No Other cloud



READ OBSERUATION

N =/
or ILAT| > 90° yes
or [LONI > 180° DISCARD
orww =/?
CLEAR SKY
INCREMENT NCLR
no BRANCH RCCORDING
10 wuw:
ww =R ww =T ww = F ww #RTF
1 )
RAIN OR SNOW THUNDERSTORM FOG DISCARD
SET Cm=2 SET CL=9 INCREMENT NFO6
SET N =Np = 8 SET N =Np =8
IF(CL=/)SETCL =0
N> 0, SO CHECK THAT AT LEAST
ONE TYPE IS PRESENT:
=~ DISCARD
CORRECT MISCODED Cy, Cui:
IF N=8AND Cy =0, SET Cy=/
IF N=8AND Cy=Cy=0, SET Cy=/
IF Cm=/8ND Cnq# /, SET C\=0
yes
DISCARD

PROCEED 10

AT LEAST ONE TYPE IS REPORTED PRESENT.
INCREMENT NCLD

FI16S. 2,3,4

Figure 1. Data selection and checking.

Abbreviations used here are defined in Table 2. Observations with present-weather miss-

ing (ww = /) were discarded in order to exclude miscoded automatic-weather-station reports,

as explained in the text. The check for clear sky (N = O) should properly be done after the

test for discarding an observation because low cloud type was unreported (Cy=/), in processing

data sets in which a significant fraction of the observations have C =/ e.g. ocean data prior to

1940. However, since 96% of the land observations used here include low cloud type, negligi-

ble change in f (clear) would result from reversing those tests.



LOW LEVEL IS REPORTED.
BRANCH RCCORDING TO C:

C =0 C =12 C.=39
Y y
NO LOW CUMULONIMBUS
CLOUDS
CUMULUS

Figure 2. Low cloud type classification.

C = 6,7

€ = 4,58

STRATUS OR
STRATOCUMULUS

/

l

NIMBOSTRATUS

START

Cy=17 I MIDDLE LEVEL
UNREPORTED

CL = §t*
?

-
(-]

Cv REMAINS
‘UNREPORTED

If ww =R, Cy= NIMBOSTRATUS

/

MIDDLE LEVEL REPORTED

NO MIDBLE

ALTOSTRATUS OR
ALTOCUMULUS

cLoups

NIMBOSTRATUS

*see footnote 2 of Table 1.

Figure 3. Middle cloud type classification



START

yes | HIGH LEDEL
UNREPORTED
HIGH LEDEL
REPORTED
yes | NO HiGH
CLOUDS

CIRRUS

Figure 4. High cloud type classification.

probability is of minimal importance to climatic studies.

4. Biases and errors

The values of frequency and co-occurrence probabilities are subject to inaccuracy due to
biases that are introduced either by the observers or by the analysis procedure, and also due to

errors in the analysis procedure which were detected after completing the study.

Two types of bias were discussed in the ocean atlas and shown to be small: the tendency
of ships to avoid storms ('fair-weather bias") and the inaccurate reporting of some cloud types
by untrained volunteer observers on merchant ships ("observer bias"). Land stations are at fixed
locations and routine synoptic observations are most often made by trained weather observers.

Thus these two biases should be even less important for land data.

The bias with possibly the greatest influence on our results is the tendency of ground
observers not to detect cirrus and altostratus when they are present at night (the "night-
detection bias"). We have not yet analyzed for the diurnal cycles of cloud type frequencies over
land. However, over the oceans the frequency of occurrence of cirrus, f(Ci), in the daytime
averages about 1.3 times the diurnal-mean value. Because f(Ci) does not vary smoothly with
time of day but instead shows a sharp increase at sunrise and decrease at sunset, we think that
the diurnal variation is at least partly due to a night-detection bias rather than a true variation.
The same pattern is found for As/Ac. Since both co-occurrence atlases were prepared with the
use of all observations, it is suggested that the frequency of occurrence of cirrus and of As/Ac
should be increased by a factor 1.3, if observations were distributed uniformly through day and
night. But because of the greater number of daytime observations, the factor to be used is
somewhat less, about 1.25. This would increase the global-land-average cirrus frequency from
40% to 50%. Application of such a correction factor assumes, of course, that the diurnal varia-
tion of f(Ci) in the observations is due entirely to the observer bias and not at all to a true
diurnal variation of the clouds. Such a correction factor, if applied to f(Ci) and f(As), should
also be applied to all probabilities of co-occurrence of these two types contingent on the pres-

ence of other clouds: P(X =>Ci) and P(X => As). The results presented here and in the



ocean atlas are uncorrected.

Another important bias is the underestimation of frequency of upper clouds due to the
possibility (pointed out in the ocean atlas) that an upper cloud is hidden behind a partial lower
overcast yet reported absent because it does not intrude into the region of the sky which is visi-
ble through the lower layer. This "partial-undercast bias" has not been quantified. It results in a
systematic underestimate of frequencies of upper clouds (Ci and As/Ac). The effect of this bias
on f(Ci) increases as the amount of lower clouds increases, which may be responsible for the

trend shown in Fig. 1 of the ocean atlas.

A bias which may lead to spurious geographical variation of Ci and As is the possible
difference in observing practice among different observers or different countries with regard to
the decision of whether to report higher cloud types. We have found that the frequency of
Cy =/ (not reported) increases with lower cloud amount. This code sometimes is used even
when the high level is visible, if the lower cloud covers most of the sky, leading to the "abstain-
ing cirrus bias". For example, Map IV-27 shows that the probability of cirrus, given nimbos-
tratus, is much higher north of the Black Sea than south of it. This could be explained if the
reporting practice, when nimbostratus is nearly overcast (N = N, = 7), is to code Cy= 0 in
Turkey but Cy =/ in the USSR. A brief test only partially confirmed this hypothesis. This
bias counteracts the ’partial-undercast’ bias. The effects of both could be minimized by calcu-

lating Ci and As statistics only on the subset of observations for which N, < 6/8.

All three of the biases just discussed illustrate that as expected, surface observations give

less accurate information about high clouds than about low clouds.

It should be noted that some of the co-occurrence maps are of limited utility because of
the arbitrary classification of types given in Table 1. In particular, the maps for P(As => Ns)
and P(Ns => As) may not be very useful. Our classification allows them to occur together only
under the special conditions that Ns is assigned from the low group while in the middle level

As is reported present, whereas the observer may actually have seen both types when coding

CM= 7

After completion of both co-occurrence atlases, we decided that our classification of the
present-weather (ww) codes could be improved. We find that ww codes 80-89 are usually
reported in the presence of convective low clouds. In the cases where we must decide the
cloud type based on ww (Tabie 1), it therefore seems inappropriate to specify nimbostratus as
present when ww is 80-89. This actually happened only rarely in our procedure. The effects of
grouping ww 80-89 together with 90-99 (footnote 5 of Table 1) instead of} with 50-79 would
therefore generally be very small. The greatest change would occur in the regions where the
frequencies of Cb and Ns are both large, e.g. at Bergen (Norway) in winter. A study was done
on the single season DJF 1979 to estimate the maximum likely effects of this change at that
station and globally. The result at Bergen was that f(Cb) increased from 16 to 17% and f(As)
from 50 to 52%, both at the expense of f(Ns) which decreased from 13 to 10%. P(Cb => As)
increased from 69 to 75% and P(Cb => Ns) decreased from 6 to 1%. The changes were smaller
elsewhere on the globe, but the values on our maps of P(Cb=>Ns), which are very small
numbers anyway, may be considered too large because of our classification. The global average
changes were as follows: f(Cb) was unchanged at 5%; f(As) increased from 34 to 35%; f (Ns)
decreased from 12 to 11%. P(Cb => As) increased from 48 to 52%, and P(Cb => Ns) decreased

from 5 to 2%.

In summary, there are a number of biases and procedural decisions which can affect our
results. Undoubtedly we have not discovered all the biases, but we think that the major ones
have been identified. Most have very small effects on our results. The most significant bias is

likely that due to the reduced detection of cirrus and altostratus at night.

5. Format of the maps

The atlas contains 47 maps for each of the four seasons. These maps show, for the land
areas, the global distribution of the various quantities related to cloud types and co-occurrences,

for the 10 year period 1971-1980.

The resolution of the 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 roughly 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°.
Each section of the atlas includes the following maps:

a) The total number of synoptic weather reports (in hundreds) which have information
about cloud types, present or absent (Map 1). Such information may be an observation of
a specific cloud type present (CL‘CM,orCH code 1-9) or a cloud type inferred when the sky
is obscured consistent with the ww report as shown in Table 1, or an observation of clear

sky.

b) The number (in hundreds) of times that each of the six cloud types was observed to be

present (Maps 2-7).

¢)  The fraction of reports of cloud (in percent) contributing to the statistics of middle or
high cloud levels (Maps 8 and 9). This is the number of synoptic reports in which the
middle (or high) level was not coded with a slash, divided by the total number of reports

in which any cloud was reported present.

d) The overall frequency of occurrence, f (percent), of each cloud type as well as of fog and
clear sky (Maps 10-17). It is th siumber of times the particular type was reported
present, divided by the number of synoptic weather reports which contain information
about that cloud level, i.e. in which that level was not coded with a slash. (The fraction of
times that the level was not coded with a slash is given in Map 8 or 9.) Values are tabu-
lated for each box for which probabilities contingent on that cloud type were computable,

i.e., whenever the particular cloud type was reported present at least 200 times.

e) The probability, P, given one of the six cloud types, that no other cloud is present (Maps
18-23);

f) The co-occurrence probabilities P for coupled cloud types (Maps 24-47). Some P-maps
are absent simply due to the definitions of cloud types given in Table 1. For instance,

Table 1 allows only one low cloud type to be reported in a single observation so the co-

occurrence probabilities of Cu, Cb, and St with each other are zero by definition.

Zonal average values for only the land part of the zone are printed along the right side of
the maps. These result from averaging the values of all 5° x 5° boxes in each zone, each box
weighted by the the area of land it contains. The definition of land differs from that shown by
the continental outlines on the maps in two respects: all lakes, as well as the Ross Ice Shelf and
the Filchner-Ronne Ice Shelf, are counted as land. A zonal average is computed if at least one-
third of the possible land boxes are represented in the zone. The fraction of each zone which is

land is given in Table 3.

Blanks occur on the maps where there were insufficient observations in the 10 years to
obtain a statistically significant co-occurrence probability. Normally, these are boxes with no
reporting stations throughout the 10-year period. In these locations, one can either interpolate
between the values in neighboring boxes, if they are represented, or else take the overall fre-

quency of occurrence from the f-maps by default.

The numbers plotted on these maps are available on magnetic tape from the Data Support

Section at NCAR.

6. Discussion

The number of synoptic cloud reports in a 5° x 5° bo.. (Map 1) would be about 36 hun-
dred if the box contained one station which made observations every 6 hours throughout the 10
years. Larger numbers are found where several stations contribute. In Europe and northern
Asia, where the density of stations is high, the symbol ** is sometimes plotted to indicate a
number greater than 100,000. Some regions of Africa and Australia are blank on all the cloud

maps because of the absence of observing stations.

The maps showing the percentage of reports contributing to the statistics of middle or
high cloud levels give an indication of the statistical reliability of the information presented on
the co-occurrence probability maps. These values are less than 100% principally because of the

presence of a lower overcast. For example, Map I-9 shows values close to 100% in eastern



Table 3. Zonal average land fractions (percent)

Zone Northern Hemisphere Southern Hemisphere
0-5° 22 26
5-10° 26 24
10-15 25 21
15-20 30 24
20-25 36 25
25-30 41 22
30-35 43 16
35-40 45 7
40-45 50 4
45-50 57 3
50-55 61 2
55-60 57 0
60-65 72 0
65-70 76 22
70-75 41 60
75-80 29 88
80-85 17 100
85-90 0 100

Siberia but much lower, close to 80%, in western Canada. The reason is the higher frequency
of low overcast in Canada, consistent with Map I-16 showing f(St) near 30% in western Canada
but less than 5% in eastern Siberia. The values average 87% for the middle level and 73% for
the high ievel. The values are higher ihan ihose over ihe ocean because the iand has generaiiy
fewer low overcast conditions than the ocean.

The frequency of clear sky (Map 10 for each season) is generally much larger over land

than the 2-5% found over the open ocean, except in the tropical regions in local summer. Sky

obscuration due to fog (Map 11) is very rare over land.

Maps of the frequency of occurrence, f, of each cloud type are presented so that they can
be compared with the contingency probabilities of observed cloud-type couples. The zonal land
average values of f shown along the right side of the maps were used to prepare the graphs of
the average latitudinal variation of f shown in Fig. 5. Fig. 5 shows the values for 10-degree

zones, except for 40°-60°S where the land fraction is less than 5%, for four seasons (5a-d).

The patterns in Fig. 5 are generally what one would expect for these types from synoptic
experience and the observed large scale features of the general circulation. A pronounced peak
is seen near the equator for almost all types. Even Ns exhibits a slight peak at low latitudes.
These frequency peaks move north and south of the equator in response to the seasonal varia-
tions in the average position of the inter-tropical convergence zone (ITCZ) (see, for instance,
Figs. 10.3 and 10.4 of Riehl, 1978). However, the cirrus maximum shifts from 15°S in DJF to
15°N in JJA, whereas the As maximum shifts only from 5°S to 5°N. Since low latitude cirrus
is most often the result of spreading from the tops of cumulonimbus clouds, the latitudinal
variation is enhanced by the northward extension of the upper branch of the Hadley circulation
during JJA. The Cb maximum near the equator is a good indication of the zonal average loca-
tion of the ITCZ over land. During most seasons this maximum occurs in the Northern Hemi-

sphere.

In the Northern Hemisphere, the high latitude winter maximum in cirrus results from the

extension of sub-polar frontal cloud systems. The summer cirrus maximum, however, is
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associated with strong convective clouds. Note, for instance, the related high latitude maxima
in the Northern Hemisphere between Ci and the convective clouds (Cu and Cb) during JJA but
not during DJF. Most cloud types show a strong minimum in the subtropical desert region at
20°-30° in each hemisphere, although this is less obvious in the Southern Hemisphere because

the lack of land area south of 40°S precludes formation of zonal averages.

A sharp minimum in Cb frequency ("1%) is found in the region of the descending branch
of the winter-hemisphere Hadley cell at 15°S in JJA and 15°N in DJF. Cb is mostly concen-
trated in the tropics, except in JJA when there is a double maximum in the Northern Hemi-

sphere, one in the tropics and the other at sub-polar latitudes.

The seasonal and latitudinal changes in cumulus frequency are similar to the changes in
Cb. However, except for DJF, the maximum of Cu is not at the ITCZ (Cb maximum) but
rather somewhat upstream in the approach to the ITCZ. This has sometimes been identified as

"trade-wind cumulus", found frequently over the tropical oceans.

The plots of the three most common cloud types (Ci, As, and St) are roughly parallel in
all four seasons, with minima in both northern and southern subtropics in all seasons. The

deeper of the two minima is at 20°S in JJA and at 20°N in DJF.

On the Antarctic continent cirrus is by far the most common cloud reported. In this
region, Cu, Cb and St are very rare during all seasons. The temperatures over the Antarctic are
sufficiently low that most stratiform clouds are composed of ice crystals and have the appear-
ance of cirrus. This could account for the pronounced latitudinal variation of cirrus opposite
that of altostratus and stratus as reported during all seasons poleward of 65°S. St becomes very
common in the coastal regions of the continent (60° to 70°S). The maximum frequency of
reported St is found in the sub-Antarctic, as compared to other latitudes, in all seasons except
JJA at which time the Arctic summer stratus is at its peak. However, it is not only St that is

common in the Arctic summer, but also As and Ci.

Nimbostratus behaves differently from all other types, with low frequency in the tropics,

increasing toward the poles. The greatest frequency of Ns is found in the high northern
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latitudes in all seasons, reaching a peak of 24% in the Arctic autumn.

The prominent features in Fig. 5 are thus seen to be consistent with known patterns of

the general circulation of the atmosphere.

Returning now to the discussion of the maps, we see that high and middle clouds are fre-
quently observed alone over land (Maps 18, 19), in dramatic contrast to the situation over the

ocean. P(Ci = NO) averages 45% over land but only 9% over the ocean.

The frequency maps, as well as the co-occurrence maps, show geographical variations that
are much less smooth than those shown in the ocean atlas. There are at least two reasons for
this. One is that the surface conditions on land can exhibit great local variation, so that a sta-
tion may not be representative of the total area of its box. Another is that differences in
observing procedure among individual observers and among different countries, as shown
below, can affect the land areas much more than the ocean areas, because each ocean grid box

is sampled by many different ships.

In spite of the increased geographical variability over land, most of the quantities mapped
do show rather smooth variations. There are, however, some strange values which need special

explanation, that we single out for discussion here.

Very strange values in all seasons were exhibited by the box in the Arabian Peninsula at
15° — 20°N, 45° — 50° E. Only occasional reports came from this station, and they began in
1979. About 80% of the observations were of cumulonimbus, and about 20% of the present-
weather reports were of snow. This station (Sharorah, Saudi Arabia) is listed by WMO (1979)
as an automatic station (number 40571). We conclude that the reports were either transmitted
or transcribed incorrectly, although they do not fit the pattern of incorrect reports from other
automatic stations. Therefore all values computed for this box were deleted, and that location
is blank on the maps. This is the only location which had to be artificially blanked. We subse-
quently learned that this automatic station was known to be malfunctioning in 1981 (Eric

Smith, personal communication).



Two neighboring boxes in the Sahara, at 15 - 20 ° N, 5° — 15° E, represented by one sta-
tion each, almost never report clear sky. These stations are Agadez and Bilma in northern
Niger, each of which reports regularly. Nearly all the reports are of a partial cover of cirrus,
usually alone. The occasional reports that differ from these are self-consistent. It seems
strange that cirrus is so much more prevalent here than immediately to the east and west (Map

12), suggesting a possible difference among observing procedures in different countries.

Local differences in reporting of cirrus are also apparent in South America along the equa-
tor near 70°W, where the reason seems to be the difference (mentioned above) in deciding
whether to report the high cloud level when the lower cloud is nearly overcast. The reports in
box 0° — 5°N,70° — 75°W, which has a small f(Ci), often have Cy = 0, but never Cy=/,
when N, = 7. The neighboring box 0° — 5°S, 65° — 70°W, has a large f (Ci), mainly because
the observers there usually coded Cy = / whenever N, = 7. This spurious variation could be

avoided by computing frequency only from those reports which had N, < 7/8.

Another dramatic local variation is seen in neighboring boxes at 0° — 5°N, 115° — 125°E.
The two stations on the east coast of Borneo (Tawau and Tarakan) in the western box report
cumulus most frequently, while at the same time the two stations in the north of Sulawesi
(Menado and Gorontalo) in the eastern box tend to report St/Sc instead. Part of this difference
is due to our grouping of the cloud types. Much of the "St/Sc" in Sulawesi comes from C = 8,
which actually means that cumulus and stratocumulus were both present, but which we have
grouped in Table 1 with St/Sc instead of with Cu. However, that can explain only part of the
difference. The great differences in f(Cu) and f(St) between these locations is probably a result

of local topographic influences, due to the mountainous terrain in these coastal regions.

Another example of correct reports showing large geographical variation due to local
effects is the prevalence of cumulus at 20° — 25°N, 5° — 10°E. The station representing this
box is Tamanrassett, whose clouds are influenced by the local mountains and therefore different

from the surrounding lowland desert.

The results shown in the various contingency maps are summarized in Table 4 where the
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zonal average values of the contingency probabilities are shown for 15° latitude zones. For the
different latitude zones, four numbers, corresponding to the four seasons as noted to the right,
are given for each element of the table. The columns in the table give the probability of
occurrence of a given cloud type together with other specified clouds. Also shown in the last
column is the probability P(A =>NO), i.e., given cloud type A, the probability that no other
cloud type is present. As discussed above, certain eilements of the tabie are blank simply due to
the definitions of cloud types given in Table 1, or where the number of observations was
insufficient to satisfy the minimum criterion required for the contingency tabulation. (If the cri-
terion was satisfied in less than one-third of the land boxes in the zone, a blank appears in
Table 4, except that for 75°-90°S only 4 boxes were required to compute a zonal average.) The
numbers in Table 4 are the result of averaging the values of all 5° x 5° boxes in the zone, each

box weighted by the fraction of land it contains and by the latitude-dependent area of the box.

The contingency probabilities may be compared with the average overall frequency of
occurrence of each cloud type (leftmost column). If the contingency probability P(A =>B) is
equal to the overall frequency of occurrence of B, then one may say that the value derived for
P(A =>B) could be due to chance and is probably not meteorologically associated, since, on
average, B is no more or less likely when A is present than when it is not. However, if the
contingency probability P(A =>B) is higher (or lower) than the frequency of occurrence of B,
the two cloud types are positively (or negatively) correlated. Cirrus and altostratus, for exam-
ple, are positively correlated, since P(As =>Ci) generally exceeds f(Ci). Altostratus and
cumulus are generally negatively correlated. These same correlations were noted also in the

ocean atlas.

Global average frequencies and co-occurrence probabilities for land are compared to the
ocean values in Table 5. These are not true global averages, but are instead just the averages of
those boxes which had sufficient observations to compute values for the maps. The "global
average" probabilities contingent on Ns, for example, are therefore weighted toward the values

for the regions where Ns is common. Ninety percent of the boxes contributed to the global



averages for Ci and As, 85% for St, 80% for Cu, and 60% for Cb and Ns.

Cumulus, stratus, and altostratus are more frequently observed over the ocean than over

land, but the precipitating clouds Ns and Cb are about equally frequent over land as over ocean.

Cirrus is reported more frequently over land than ocean (global averages 44% land, 31%
ocean). While some part of this difference could be due to the partial-undercast bias explained
above (since stratus is more common over ocean), it is likely that in general this is a real
difference between land and ocean. We can see this by comparing regions which have the same
frequency of stratus. Comparing Map I-12 with its counterpart in the ocean atlas, we see that
f(Ci) in the eastern US in DJF is about 50%, compared to 20-30% in the north Atlantic 0°-

30°N, whereas f(St) is the same in both regions (Maps 1-16).

The most dramatic difference between land and ocean is in P(Ci=>NO) and P

(As =>NO). Ci and As are much more likely to be found alone over land than over ocean.
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75°-90°N LAND-AREA-WEIGHTED AVERAGE,

Table 4a

CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Given Frequeicy IEports
cloud of contributing
type occurrence to statistics
(f) of type (%) Probability that these are also present
Ci As Ns Cu St Ch NO
31 65 - 23 - 1 16 1 64 DJF
46 68 - 31 16 1 22 1 53 MAM
Ci 45 55 - 44 - 3 42 1 32 JJIA
38 54 - 36 - i 36 i 42 SON
26 82 28 - 1 1 22 2 59 DJF
33 81 44 - 2 2 33 2 39 MAM
As 48 69 45 - 1 3 61 1 25 JJA
39 70 35 - i 1 46 2 43 SON
16 99 - 2 - 0 44 1 - DJF
16 99 - 5 - 0 52 0 15 MAM
Ns 17 99 - 4 - 0 67 0 6 JJA
22 99 - 3 - 0 66 0 16 SON
5 100 - - - - - - - DIJF
5 100 - - - - - - MAM
Cu 3 100 - - - - - - - JJA
2 100 - - - - - - - SON
24 100 22 26 39 - - - 31 DJF
35 100 37 37 30 - - - 23 MAM
St 67 100 36 49 19 - - - 23 JJA
50 100 28 39 31 - - - 25 SON
12 100 - - - - - - - DIJF
4 100 - - - - - - - MAM
Cb S 100 - - - - - - - JA
5 100 - - - - - - - SON
0 - - - - - - - - DJF
Sky obscured 0 - - - - - - - - MAM
due to fog 5 - - - - - - - - JJA
1 - - - - - - - - SON
40 - - - - - - - - DIJF
Clear 24 - - - - - - - - MAM
sky 8 - - - - - - - - JJA
18 - - - - - - - - SON

"Ci" = Ci + Cs + Cc
"As" = As + Ac

"St" = St + Sc

"NO" = No Other cloud
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60°-75°N LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

..........

1=
Livyulnly

Fraction of

AAAAAAA

Table 4b

cloud of contributing
type occurrence  to statistics
(f) of type (%) Probability that these are also present
Ci As Ns Cu St Cb N
45 60 - 31 18 1 15 2 59 DJF
49 66 - 32 10 S 19 4 S3 MAM
Ci 47 67 - 42 6 14 29 8 30 JJA
43 53 - 37 21 3 29 4 40 SON
31 84 48 - 1 1 23 3 41 DJF
34 83 51 - 1 4 30 6 32 MAM
As 44 81 47 - 0 11 40 12 23 JJA
39 74 45 - 1 3 41 7 32 SON
16 98 51 2 - 0 34 1 16 DJF
12 97 - 3 - 0 45 3 9 MAM
Ns 9 96 - 3 - 1 65 5 3 JJA
19 96 54 3 - 0 51 2 7 SON
2 100 - - - - - - - DJF
6 100 50 29 1 - - - 36 MAM
Cu 14 100 51 38 1 - - - 31 JJA
3 100 48 37 2 - - - 33 SON
24 100 35 35 32 - - - 23 DJF
28 100 36 38 22 - - - 27 MAM
St 43 100 35 42 16 - - - 29 JIA
44 100 30 37 25 - - - 28 SON
6 100 39 39 10 - - - 34 DJF
8 100 40 37 5 - - - 36 MAM
Cb 14 100 41 46 3 - - - 32 JJA
11 100 29 38 S - - - 42 SON
0 - - - - - - - - DJF
sky obscured 1 - - - - - - - - MAM
due to fog 2 - - - - - - - - JJIA
1 - - - - - - - - SON
28 - - - - - - - - DJF
clear 21 - - - - - - - - MAM
sky 7 - - - - - - - - JJA
13 - - - - - - - - SON



45°-60°N LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Table 4c¢

Given Frequency reports
cloud of contributing
type occurrence to statistics
®) of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO
48 56 - 31 17 2 20 3 56 DJF
50 66 - 34 9 10 19 7 48 MAM
Ci -46 75 - 40 5 20 21 13 30 JJA
44 59 - 37 14 7 24 6 43 SON
31 77 52 - 1 2 32 4 35 DJF
33 82 53 - 0 8§ 31 10 28 MAM
As 39 85 49 - 0o 15 29 17 24 JJA
37 76 48 - 0 6 38 9 30 SON
16 98 59 2 - 0 43 2 9 DJF
10 97 65 2 - 1 54 5 4 MAM
Ns 7 96 - 2 - 2 64 11 2 IJA
12 96 64 2 - 1 S8 4 4 SON
2 100 53 32 3 - - - 34 DIJF
10 100 48 25 1 - - - 40 MAM
Cu 19 100 48 31 1 - - - 38 A
6 100 44 31 1 - - - 40 SON
31 100 38 35 27 - - - 23 DJF
29 100 37 38 20 - - - 27 MAM
St 29 100 36 42 14 - - - 30 JJA
38 100 31 38 20 - - - 29 SON
5 100 43 37 6 - - - 34 DJF
g 100 46 40 4 - - - 32 MAM
Cb 14 100 47 50 3 - - - 27 JJA
1i 100 37 43 4 - - - 35 SON
1 - - - - - - - - DJF
sky obscured 1 - - - - - - - - MAM
due to fog 1 - - - - - - - - JA
1 - - - - - - - - SON
25 - - - - - - - - DJF
clear 19 - - - - - - - - MAM
sky 13 - - - - - - - - JIA
18 - - - - - - - - SON
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30°-45°N LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Table 4d

Given Frequency reports
cloud of contributing
type occurrence  to statistics
® of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO
46 67 - 33 7 7 21 3 53 DJF
51 74 - 33 4 13 19 7 48 MAM
Ci 39 82 - 41 3 20 17 14 33 A
38 75 - 36 4 12 19 6 46 SON
29 83 56 - 0 8 36 4 25 DJF
29 87 60 - 0 13 31 9 20 MAM
As 30 91 60 - 0 19 23 14 26 JJA
28 87 51 - 0 13 30 8 26 SON
9 98 - 2 - 2 55 2 4 DJF
6 97 - 2 - 2 61 5 2 MAM
Ns 5 96 - 2 - 4 64 6 2 JJA
6 97 - 2 - 2 63 4 2 SON
8 100 44 30 1 - - - 41 DJF
14 100 48 25 1 - - - 41 MAM
Cu 20 100 39 28 0 - - - 48 JJA
12 100 38 30 1 - - - 46 SON
30 100 38 38 17 - - - 27 DJF
25 100 43 39 15 - - - 27 MAM
St 18 100 38 40 10 - - - 35 JJA
23 100 34 40 14 - - - 32 SON
5 100 39 42 5 - - - 31 DJF
7 100 55 44 3 - - - 25 MAM
Cb 10 100 54 48 2 - - - 25 JJA
5 100 48 48 3 - - - 27 SON
1 - - - - - - - - DJF
sky obscured 1 - - - - - - - - MAM
due to fog 1 - - - - - - - - JJA
1 - - - - - - - - SON
26 - - - - - - - - DIJF
clear 22 - - - - - - - - MAM
sky 30 - - - - - - - - JJA
34 - - - - - - - - SON
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Table 4e
Table 4f
15°-30°N LAND-AREA-WEIGHTED AVERAGE 0°-15°N LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT) CONTINGENCY PROBABILITIES (PERCENT)
Fraction of Fraction of
Given Frequency Teports Given Frequency reports
cloud of contributing cloud of contributing
type Occurrence  to statistics type Occurrence  to statistics
(3] of type (%) Probability that these are also present ) of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO Ci As Ns Cu St Cbh NO
33 83 - 29 2 11 17 3 55 DJF 55 87 - 33 2 23 21 8 42 DJF
36 85 - 32 1 13 16 8 50 MAM 63 83 - 44 2 26 22 18 26 MAM
Ci 41 82 - 41 4 16 22 16 33 JIA Ci 60 75 - 57 3 26 28 23 12 A
34 84 - 36 3 14 15 11 43 SON 1 81 - 47 3 25 23 23 2i SON
25 91 40 - 0 12 29 4 34 DIJF 33 95 58 - 0 23 30 1 16 DJF
27 92 46 - 0 14 24 10 31 MAM 45 95 62 - 0 23 29 21 12 MAM
As 39 92 45 - 0 16 28 15 29 JJA As 60 92 59 - 0 23 35 23 10 JJA
31 92 41 - 0 15 27 11 32 SON 48 94 60 - 0 23 3l 25 10 SON
8 99 - - - - - - - DIJF 4 99 - - - - - - - DJF
8 95 - - - - - - - MAM 4 98 - 3 - 7 62 22 1 MAM
Ns 9 95 - 5 - 3 68 15 3 JJIA Ns 5 98 - 2 - 6 65 18 2 JJA
6 97 - 4 - 3 70 12 2 SON 4 98 - 3 - 6 67 17 2 SON
14 100 29 29 0 - - - 52 DIJF 29 100 50 33 0 - - - 36 DJF
15 100 36 32 0 - - - 46 MAM 28 100 60 39 0 - - - 25 MAM
Cu 18 100 48 42 1 - - - 32 JJA Cu 27 100 58 51 1 - - - 22 JJA
16 100 36 35 1 - - - 45 SON 27 100 58 43 1 - - - 25 SON
25 100 26 41 7 - - - 38 DIJF 27 100 50 50 5 - - - 27 DIJF
22 100 33 44 6 - - - 36 MAM 26 100 61 59 5 - - - 17 MAM
St 34 100 43 53 10 - - - 25 JJA St 32 100 56 67 8 - - - 13 JJA
24 100 32 47 8 - - - 34 SON 26 100 59 62 7 - - - 15 SON
3 100 41 S0 4 - - - 28 DIJF 9 100 69 61 3 - - - 14 DIJF
9 100 53 52 3 - - - 23 MAM 17 100 72 60 2 - - - 11 MAM
Cb 18 100 61 59 4 - - - 14 JJA Cb 21 100 70 67 3 - - - 9 JIA
12 100 57 56 4 - - - 18 SON 20 100 70 62 3 - - 11 SON
1 - - - - - - - - DJF 0 - - - - - - - - DIJF
sky obscured 0 - - - - - - - - MAM sky obscured 0 - - - - - - - - MAM
due to fog 0 - - - - - - - - JJA due to fog 0 - - - - - - - - JJIA
0 - - - - - - - - SON 0 - - - - - - - - SON
38 - - - - - - - - DIJF 18 - - - - - - - - DIJF
clear 36 - - - - - - - - MAM clear 9 - - - - - - - - MAM
sky 31 - - - - - - - - JJA sky 3 - - - - - - - - JJA
36 - - - - - - - - SON 8 - - - - - - - - SON



CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Table 4g
0°-15°S LAND-AREA-WEIGHTED AVERAGE

Given Frequency reports
cloud of contributing
type occurrence  to statistics
) of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO
54 65 - 57 4 32 36 15 10 DJF
49 70 - 52 4 34 33 15 12 MAM
Ci 32 78 - 38 3 32 27 6 30 JJA
43 73 - 47 3 34 29 13 18 SON
61 89 52 - 0 28 44 15 9 DJF
54 90 49 - 0 29 42 15 11  MAM
As 37 89 35 - 0 29 39 7 22 JA
46 89 45 - 0 29 39 14 14 SON
6 98 - 4 - 7 13 9 - DJF
4 98 - 4 - 7 73 10 - MAM
Ns 4 99 - - - - - - - JJA
4 98 - - - - - - - SON
32 100 53 53 1 - - - 22 DIJF
34 100 48 46 1 - - - 28 MAM
Cu 32 100 30 31 0 - - - 51 JJA
34 100 42 39 0 - - - 37 SON
40 100 50 68 10 - - - 14 DJF
36 100 46 64 9 - - - 17 MAM
St 31 100 31 S50 4 - - - 36 JA
32 100 42 58 6 - - - 24 SON
18 100 62 66 3 - - - 14 DJF
15 100 58 62 3 - - - 17 MAM
Cb 8 100 46 58 2 - - - 26 JJA
13 100 54 61 2 - - - 20 SON
0 - - - - - - - - DIJF
sky obscured 0 - - - - - - - - MAM
due to fog 1 - - - - - - - - JJA
0 - - - - - - - - SON
4 - - - - - - - - DJF
clear 6 - - - - - - - - MAM
sky 23 - - - - - - - - JJA
11 - - - - - - - - SON
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15230 S LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

Table 4h

Fraction of
Given Frequency reports
cloud of contributing
type occurrence  to statistics
) of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO
43 74 - 46 4 26 25 14 23 DJF
) 31 78 - 40 4 22 21 9 35 MAM
Ci 19 77 - 28 2 11 16 2 58 JJA
28 76 - 38 3 20 19 8 39 SON
42 88 46 - 0 20 33 15 24 DJF
33 88 38 - 0 18 32 9 32 MAM
As 23 87 23 - 0 12 31 3 49 JJA
30 88 35 - 0 17 30 9 36 SON
5 98 - 4 - 4 73 8 - DIJF
4 99 - 4 - 4 75 5 - MAM
Ns 3 99 - - - - - - - JJA
4 98 - 4 - 3 N 5 - SON
25 100 43 33 1 - - - 41 DJF
22 100 31 28 0 - - - 52 MAM
Cu 12 100 17 23 0 - - - 65 JJIA
20 100 29 27 0 - - - 54 SON
31 100 38 49 12 - - - 28 DIJF
26 100 28 43 9 - - - 37 MAM
St 22 100 16 36 7 - - - 49 1A
24 100 25 42 7 - - - 40 SON
13 100 55 58 3 - - - 21 DIJF
7 100 49 S8 3 - - - 23 MAM
Cb 3 100 - - - - - - - JJA
6 100 49 60 3 - - 22 SON
0 R -
- - - - - - DJF
sky obscured 0 - - - - - - - - MAM
due to fog 0 - - - - - - - - JIA
0 - - - - - - - - SON
16 - - - - - - - - DJF
clear 26 - - - - - - - - MAM
sky 46 - - - - - - - - JJA
32 - - - - - -

SON



30 2455 LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Table 4i

Given Frequency TEPOris
cloud of contributing
type occurrence to statistics
) of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO
34 76 - 38 5 16 25 7 37 DJF
36 72 - 40 5 12 26 3 40 MAM
Ci 36 67 - 40 6 9 27 3 43 JJA
37 73 - 35 4 14 25 4 40 SON
30 86 45 - 0 15 33 9 29 DJF
32 84 47 - 0o 11 37 6 30 MAM
As 33 81 45 - 0 9 38 4 34 IJA
32 84 48 - 0 13 36 7 29 SON
4 98 - 3 - 3 68 6 3 DIJF
5 98 - 3 - 2 68 3 3 MAM
Ns 7 98 - 2 - 2 67 2 3 JJA
5 98 - 3 - 3 68 4 3 SON
17 100 33 26 1 - - - 52 DIJF
13 100 33 27 1 - - - 53 MAM
Cu 10 100 29 27 1 - - - 55 JIA
15 100 34 26 1 - - - 53 SON
31 100 29 34 9 - - - 44 DIJF
34 100 29 36 10 - - - 42 MAM
St 38 100 27 35 13 - - - 41 JJA
33 100 29 35 11 - - - 42 SON
7 100 42 51 3 - - - 31 DJF
4 100 40 54 4 - - - 31 MAM
Cb 4 100 36 51 5 - - - 31 JJA
4 100 42 52 4 - - - 31 SON
0 - - - - - - - - DIJF
sky obscured 1 - - - - - - - - MAM
due to fog 1 - - - - - - - - JA
0 - - - - - - - - SON
25 - - - - - - - - DIJF
clear 24 - - - - - - - - MAM
sky 23 - - - - - - - - JJIA
23 - - - - - - - - SON

19

45 %60 S LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Table 4j

Given Frequency reports
cloud of contributing
type occurrence  to statistics
) of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO
48 69 - 52 - 17 41 4 18 DJF
43 64 - 52 - 9 40 3 23 MAM
Ci 38 61 - 56 - 7 37 3 22 JJA
44 67 - 56 - 14 40 4 18 SON
46 81 58 - 0 15 50 5 14 DJF
45 79 53 - 0 8 51 4 21 MAM
As 47 79 49 - 0 7 49 3 24 JJA
47 80 56 - 0 12 50 4 17 SON
9 96 - 4 - 2 66 4 2 DJF
12 96 - 4 - 1 64 2 3 MAM
Ns 13 96 - 2 - 1 57 2 3 JJA
10 96 - 3 - 1 60 4 4 SON
18 100 47 36 1 - - - 38 DJF
10 100 38 32 1 - - - 46 MAM
Cu 8 100 32 34 1 - - - 49 JJIA
15 100 41 34 1 - - - 44 SON
50 100 43 47 14 - - - 27 DJF
49 100 38 48 18 - - - 26 MAM
St 48 100 31 48 20 - - - 27 JJA
48 100 39 49 15 - - - 27 SON
6 100 32 33 5 - - - 47 DIJF
6 100 23 26 4 - - - 59 MAM
Chb 7 100 2125 3 - - - 62 JJA
6 100 30 31 6 - - - 51 SON
0 - - - - - - - - DJF
sky obscured 0 - - - - - - - MAM
due to fog 1 - - - - - - - - JJA
0 - - - - - - - - SON
6 - - - - - - - - DJF
clear 11 - - - - - - - - MAM
sky 12 - - - - - - - - JJA
9 - - - - - - - - SON



60 2755 LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Table 4k

Given Frequency reports
cloud of contributing
type occurrence  to statistics
) of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO
56 57 - 51 - 3 36 0 35 DJF
50 52 - 52 - 1 31 1 33 MAM
Ci 51 53 - 47 - 1 22 1 45 JJA
59 57 - 48 - 1 24 0 44 SON
56 84 52 - 0 3 42 1 33 DJF
54 84 50 - 0 1 40 1 39 MAM
As 48 87 51 - 0 1 27 1 40 JJA
50 88 57 - 0 1 31 1 32 SON
17 100 - - - - - - - DJF
20 99 - - - - - - - MAM
Ns 20 100 - - - - - - - JJA
16 100 - - - - - - - SON
5 100 - - - - - - - DJF
3 100 - - - - - - - MAM
Cu 2 100 - - - - - - - A
3 100 - - - - - - - SON
47 100 49 57 15 - - - 20 DJF
35 100 - 52 14 - - - 25 MAM
St 33 100 - - 16 - - - - JJA
39 100 - 53 15 - - - 23 SON
1 100 - - - - - - - DJF
0 - - - - - - - - MAM
Cb 0 - - - - - - - - JJA
0 - - - - - - - - SON
1 - - - - - - - - DJF
sky obscured 0 - - - - - - - - MAM
due to fog 0 - - - - - - - - JIA
0 - - - - - - - - SON
8 - - - - - - - - DJF
clear 12 - - - - - - - - MAM
sky 18 - - - - - - - - JJA
14 - - - - - - - - SON
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75 290 S LAND-AREA-WEIGHTED AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Table 41

Given Frequency reports
cloud of contributing
type occurrence to statistics
® of type (%) Probability that these are also present
Ci As Ns Cu St Cb NO
57 71 - 26 - 1 14 1 58 DIJF
52 76 - 17 - 1 11 0 76 MAM
Ci 39 79 - 11 - 1 - - 84 JJA
68 82 - 21 - 1 10 0 73 SON
35 93 43 - 1 2 21 1 46 DIJF
41 74 - - - - - - - MAM
As 33 78 - - - - - - - JJIA
23 95 59 - 0 1 17 0 34 SON
16 100 - 2 - 0 17 1 - DJF
18 100 - - - - - - - MAM
Ns 15 100 - - - - - - - JJIA
14 100 - - - - - - - SON
5 100 - - - - - - - DJF
0 - - - - - - - - MAM
Cu 0 - - - - - - - - JJA
0 - - - - - - - - SON
48 100 - - 20 - - - 21 DIJF
30 100 - - - - - - - MAM
St 22 100 - - - - - - - JIA
37 100 - - 17 - - - - SON
0 - - - - - - - - DIJF
0 - - - - - - - - MAM
Cb 0 - - - - - - - - JJA
0 - - - - - - - - SON
1 - - - - - - - - DJF
sky obscured 1 - - - - - - - - MAM
due to fog 2 - - - - - - - - JJA
1 - - - - - - - - SON
17 - - - - - - - - DJF
clear 31 - - - - - - - - MAM
sky 43 - - - - - - - - JJA
19 - - - - - - - - SON
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Table 5

GLOBAL LAND/OCEAN AVERAGE
CONTINGENCY PROBABILITIES (PERCENT)

Fraction of

Given Frequency reports
cloud of contributing
type occurrence to statistics
) of type(%)
Ci As Ns Cu St Cb NO
46/30 70/63 - 36/64 7/8 12/34  22/36 6/13 45/9 DIJF
47/32 74/ 66 - 37/63 5/6 16/35 21/34 9/14 41/10 MAM
Ci 41/31 76/65 - 41/65 4/6 19/33  23/35 12/15 33/9 JIA
42/31 71/64 - 39/65 6/6 15/34 23/36 9/14 38/9 SON
35/43 86/73 50/45 - 0/1 12/29 32/48 7/13 28/8 DJF
35/42 88/75 52/47 - 0/1 14/30 31/45 11/14 25/8 MAM
As 39/44 88/74 45/45 - 0/Y  17/29  32/47 13/15 26/17 JJA
36/44 85/74 47/45 - 0/1 14/30 34/47 11/15 27117 SON
11/8 98/95 57/38 2/10 - 2/2  53/61 4/4 8/4* DIJF
8/7 97/95 60/41 3/11 - 2/3  59/61 6/5 4/3 MAM
Ns 76 96/96 55/42 3/13 - 3/2  65/63 9/5 2/4 JJA
10/6 97/96 60/41 3/12 - 2/2  62/64 6/5 4/4 SON
16/36 100 45/28  34/37 1/1 - - - 38/50 DIJF
17/37 100 46/29 31/35 1/0 - - - 39/51 MAM
Cu 20/36 100 42/30  34/37 1/0 - - - 41/50 JJA
16/37 100 42/29  34/37 1/0 - - - 41/51 SON
30/43 100 38/29 43/52 17/12 - - - 26/30* DIJF
28/40 100 40/30 45/52  13/12 - - - 27/31 MAM
St 30/42 100 37/29  46/53 11/11 - - - 31/31 JIA
31/43 100 35729 45/53  13/11 - - - 30/31 SON
8/11 100 49/35 50/54 5/2 - - - 26/34 DIJF
10/12 100 53/37 49/54 3/2 - - - 24/33 MAM
Cb 14/12 100 52/37  53/56 3/2 - - - 23/32 1A
10/12 100 49/37  52/57 3/2 - - - 26/32 SON
1/1 - - - - - - - - DIJF
sky obscured 0/1 - - - - - - - - MAM
due to fog 1/2 - - - - - - - - JIA
1/1 - - - - - - - - SON
23/5 - - - - - - - - DJF
clear 21/6 - - - - - - - - MAM
sky 22/5 - - - - - - - - JJIA
22/5 - - - - - - - - SON

*For the computation of P(Ns =3>NO) and P(St =>> NO), the class of reports which were considered to contain a reliable indication of ’no other’
was expanded for this atlas. Revised probabilities for the ocean are given here; they are lower than those given in the ocean atlas.
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Number of Synoptic Cloud Reports from Land Stations (in Hundreds)
December, January, February (1971-1980) Land Areas Only
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Map -2

Number of Observations of Cirrus, Cirrostratus,

December, January, February (1971-1980)

Map 1-2

or Cirrocumulus (in Hundreds)

Land Areas Only
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Map -3 Map 1-3

Number of Observations of Altostratus or Altocumulus (in Hundreds)

December, January, February (1971-1980) Land Areas Only
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Map |- 4

Number of Observations of Nimbostratus (in Hundreds)

December, January, February (1971-1980)

Map |-4

Land Areas Only
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Map |-5 Map I-5

Number of Observations of Cumulus (in Hundreds)

December, January, February (1971-1980) Land Areas Only
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Map |I-6

Number of Observations of Stratus

December, January, February (1971-1980)

Map I-6

or Stratocumulus (in Hundreds)
Land Areas Only
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Map -7

Number of Observations of Cumulonimbus (in Hundreds)

December, January, February (1971-1980)

Map I-7

Land Areas Only
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Map |-8 Map |-8
Percent of Land Station Reports Contributing to Statistics of the High Cloud Level
December, January, February (1971-1980) Land Areas Only

ZONAL
90° N Y N N [N TN NN TR SO NN (NN SUNN NN SN S S SUN S S S S S S SU S S S SN SN S S S S N S AVERAGE
— _ 1 — | 64
68 A 5 62 =120 — 85 66
= . 51 43{/(—_45 S 62 4 =30 63
& 39 WS RSW OB He 55 67 80 87 85 89 75 69 68 56| 60
60° N — 52~ - . 47 931 ¥ 30 3} 55 48 49 65 83 84 88 86 80 65 58 - 59
5 4\3 2 28 30 39 55 49 52 59 76 76 85 8 772 6 51 55
- - 2 66 63 QB 2 % 5~ 27 25 30 54 70 zo/ 84 84 78 4 59 T | 55
5 48 61 66 58 60 484N 45 47 5 B1 33 %46 151 5%,.&3 64 73 90 B84 91 87 88 88 87 82 75 790 Y9 s 57
_ 357 53 80 71 57 50 94 & 53 54 55 67 78 83 91 93 93 90 89 88 74 65,72 45E7 64 62
59 73 81 75 78 60 47 44 43 5 B 26 56 70 5 56 53 56 61 79 86 89 92 91 87 76 71 63-6793 46 0 B 68
30° N — : 3 78 79 89 BAE 8/81 83 76 77 82 78 76 80 78 83 81 72 77 61 32 39 40 37 57947 69 | 7
“$€94 93 93 92 93 88 94  9X\93 87 B8 BA_Q0 88 88 93 92 91 88 77 B1 58 11 18 2634 44 78
_ |7 9¢ 90 95 92 97 96 ') 96 91 89 9 ™96 94 93 92.43 89 58 22 2640 Bo 84
> 8¢ 88 92 97 97 98 98 98 98 MY 9 9% 96 S 96 94 94 1’ B 91
91,93 97 97 97 98 98”98 98 98 99 93 8¢ V2, - 97\93 95 94196 79 %75 9
7] 90 89 89 91 95 93 90 92 99 89 91 3630 92\g8 81 1 B 86
0° 90 80)73 85 86 83 82 83 .94 93 R \RQ 80
N 8o\71 75 * 70
B 53 61 64
1 < 71 53 57 60
49 77 72 70
7] 55 85 83 : 75
o 80 88 77
30° S — 8% 77 68 77
| 76
73
| . 72
65
o
60° S 38
sS4
76
90° S r—rtr.1 t ‘1 1 v+ v 1 v 11 Tt 1 v v 1 TV 1/ T T T 7T VvV T T T T T T T T T T
180 ° 150° W 120° W 90° W 60° W 30° W 0° 30°E 60° E 90° E 120° E 150° E 180°



Map |I-9 Map -9

Percent of Land Station Reports Contributing to Statistics of the Middle Cloud Level
December, January, February (1971-1980) Land Areas Only
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Map 1-10

Frequency of Occurrence (Percent) of Completely Clear Sky

December, January, February (1971-1980)

Map 1-10

Land Areas Only
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Map I-11
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Frequency of Occurrence (Percent) of Sky Obscured due to Fog

December, January, February (1971-1980)

o
AVERAGE

O O O O = = N N = == = =~ O O 0 ~ O ~ 0 OO0 00 OO ©O0 O

0 0Q

-
D Q
o o O,
O -~ O O
o O
o O
O O - O
o O
o o
o O o
D o o
o O
O O O O
o o
(=]
o
o O O O
- -
N
O O «
- ™M
o |
- oM

3

2
2

90° N

60° N —

30° N —
0

30° S —




Map 1-12 Map 1-12

Frequency of Occurrence (Percent) of Ci/Cs/Cc
December, January, February (1971-1980) Land Areas Only
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Frequency of Occurrence (Percent) of As/Ac

December, January, February (1971-1980) Land Areas Only
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Frequency of Occurrence (Percent) of Nimbostratus

December, January, February (1971-1980) Land Areas Only
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Frequency of Occurrence (Percent) of Cumulus
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Map |-17

Frequency of Occurrence (Percent) of Cumulonimbus
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Given Ci/Cs/Cc, Probability (Percent) That No Other Cloud Is Present

December, January, February (1971-1980)

Land Areas Only
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Given As/Ac, Probability (Percent) That No Other Cloud Is Present
December, January, February (1971-1980)

Land Areas Only

ZONAL
N I I N TS (Y N SN EN SENNN SR SN SN NN SN SR SR S NN S N N SR SN S S R S SN SN SR S R S AVERAGE
i 80 78 —_ 2 u 75
q—é‘h— 68 2= 23 9 2 = K 51
+ 65 63 {5 1‘ 51 . 15 71<Z__§2 35 6 = { 52
[ Se-, & 59 77 63 2 & e 3 6 628 m = 50 6 24 22 29 11 13 10 33 25 36 36 46
|5~ 23 33 _ 28 29 33 M/~ 5 N w 5 10 - 28 % 50 42 40 38 33 19 11 11 8 14 16 30 2 32
9 - 2 : 246 31 T a2 ad E \’j‘ 4 48 4 4 4 29 3 1 16 12 20 32 2 78 [ 31
-~ 11N16 25 34 {39 38l 34 e Q& 322 30 17 26 26 297%a3 24 - 34
7 19\ 16102740343%;3 . 4544 47 5942 65 1e7oq,u28172936575959452031 44 4 ) B 38
22 17 13 8 26 32 30 X33 18 M % 56 46 3332 8 8 9 12 38 43 31 25 26 39,4 A4GE>19 29
7 g 14 19 17 16 28 34 34 30 3 01902249.3337453425 6 5 5 5 6 8 16 26 255 17 6 B 22
2 22 23 28 30 34 2533 310 23 20 6/26 25 29 18 11 37 26 2338 6 7 8 6 21 32 38 32 34 389% 18 23
] Q24 41 733 19)10 ~4927 18 23 31 68 70 82 43435 49 4B 2 47 55 40 43 40 31 34 21 16 32 54 3327 6 B 38
.3, 3430, 35 4}&59 5¢ 61 36 20 54 524424513025 352 47 36 3286 1013 24, 7 Go 34
7 > S L 2 * 3P O 60 65 50 40 46 4 4 57 28 %7 3p 42 ne 28
47 0 8.1 0 5256 3716 8 6 2P 6 21 53 223 - 21\25 2 0 5 20
7 58 11 5 2 Q 8 8 27303541 16 17 O N 1 18
162161 5 152733 4 1119 1 N P 1
] 289 9 131827 8 24 " 9 13 2, ¥ 54 ‘\0 9 9
5525 17 7 11 13121712 7 16 5 \a 5 =000, © 10
1 . 38 7 8 9168 13 8 8 & 2 2}2 |1 8
] 2 101119 22 14 /9 71313 2 2 27 201 14
2 201822 712 ) 26
931 26 1 35
- 3y 38 36
22
1. 1
_ o 17
- 10
28
28
57 57
T T T T T T T T ] T— 1T T T T T ] T T 1 T T 717 T T 717 T T 17 T T T T T
180° 150° W 120° W 90° W 60° W 30°W 0° 30°E 60°E 90° E 120° E 150° E 180°



Map 1-20

Given Nimbostratus, Probability (Percent) That No Other Cloud Is Present
December, January, February (1971-1980)
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Given Cumulus, Probability (Percent) That No Other Cloud Is Present
December, January, February (1971-1980)
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Given St/Sc, Probability (Percent) That No Other Cloud Is Present
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Given Cumulonimbus, Probability (Percent) That No Other Cloud Is Present
December, January, February (1971-1980)
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December, January, February (1971-1980) Land Areas Only

ZONAL
90° N AN SN I (NN NN NN (NN NN AU [ SR S TN SR (Y NN N (U NS N U NN N N S N S S S I R SN S N AVERAGE
- 53 i 39
—z 66~ a7 5 N — 3¢ 48
L 41 43 =z 30 3 29 %2 5 o2 33
B . 35 62 Si o= a4 13 & a7 ~ : B 56 WoRSICRTB 1 s 2 s 2 5 1 7 wTie] 31
BO° N —| 2% 8 .53 e 50 . 63 (65 @ Se 61 18 19 16 21 7 8 6 4 11 1777 3 - 38
77 _Is5é %, 44 6S5\79- %89 71 68 41 27 26 23 12 8 3 7 5 -3 29 %47 4
_ -~ 58% 54 58 Q57 e0xler 55 5_’& 97 66 71 69 60 48 20 22 15 13 1990 & 5 9 1}31 59 - L aa
7119 54 57 33 69 59 6% 071/A853 6nB7 ) 87 68 56 64 51 65 59 65 52 37 235 19 38,38 39 10 12 18 35 14 15 11 25 1910 1948 . as
| 70 47 65 47 58 59 57 56761 7284 577eRa8, 36 6f 81831 %3 343240302223 10 4 9 19 28 41 43,27 47§9°72 i a7
87 63 42 62 43 43 47 69 76 6 s . 82 7679086 W8 85_89.92 88 6368 61 43 47 39 17 9 5 13 47 29 455053 64 52 5 54
30° N — o% 38 56 67 78 7 82/61 90 73 66 78 79 81 78 63 13 24 77 81 66 58 93 79584 68 | e
55 ¢ 873 Y 69 56 80 79 81 z 39 68
4 R N 99~ 54 75 95 98-97 €0
n ° £7a = <y 90 88 8¢’ B
g 63 80 ® - 79 I 8276 94 %57
7] 71 57 55(%5 82\g9 0 #po B 68
0° — X 0 73 81 o !
8485 89 87 B84 B4 BOVes 67 72 9'pe : : 78
83 83 70 91 Yo 54 ¥59. Y 73
1 . 91 85 73 80 g 48 70 63 795451 5 69
. 84 8472 78 81 61 6972 68’5 72
7] 73 82 73 78 8588 80 79) 4 75
o 75 73 57 69 $3 70 § 7
30° S — 60 60 67 55 85 90 66
TN 68
7 @0 74
83759 N 67
7] R 58 = - 65
(o]
60° S 53 —47 [ so
D) ) i -
1 == 7 T r
90° 'S T )
i | | | i | { i | I T L | l l 1 I Ll | | I | | | | I I | 1 B | | 1
180 ° 150° W 120° W 90° W 60° W 30°W 0° 30°E 60°E 90° E 120° E 150° E 180°



30°S

90° S

Map |-45

Map I-45

Given St/Sc, Probability (Percent) That Nimbostratus is Also Present
December, January, February (1971-1980)

Land Areas Only

ZONAL

AVERAGE

27

5 26 24« X
?ﬁ 24

R 18 24 26 22 19 18 19

24 29

‘.

44
44
30

19 1 2036 19 3 2914 4 5 5 12 9 1513 21 17 2 :
\f 21@9@1182%2938113741111161735 38
18 17 2 15132017 37 13 1 2 12 33 26 253843 29 2
5 8/11 12151011 9 1211 9 1 0 1 3 18 32 38 35 §3 209¥¢ 45
3 3 4 9 6 4 3 4 6 3 3 1219 32 422927 20
1 1 4 313 3 s 2 9 2 544
3 0 Q 1 2 3 8¢’ 2
5 1 > 2 - o\3
3 1 0.1 1 3 2 1 2 g (34
1 3 M1 3 1 3 5 1
ab 9 7 11117 fere-3 22 o 3, & 4/
1 610128 8 6 8 16 \135
1 - 101110 3 13 8 14 14 19 20 1R12|8
7 7 111114 14ha 4 1311 21 18 34 9
n o171 11 8 10 13 V6 6 i2 20117 :
1/11 11 9 1043 W
] 4 10 10 10 6
. _
. g2 4 56
_ 2517 & -
Nt 10 = -

7289 49 3 3 27 24 33 25 25
52 30 37 44 42 18 23 17 15 15 21 3
43 30 33 39 27 14 6 17 14 19 1 25

1,3/ 9 16 22

34 26 26 29 1

- = a2 A NN DWW W WS
QO & VO W® © - O O & 9

N O ® ¢ & & 0 O

180 ° 150° W 120° W

T T 1 T T T T T T T 1
90° E 120° E 150° E



Map |1-46

Map |-46

Given Nimbostratus, Probability (Percent) That Cumulonimbus is Also Present

December, January, February (1971-1980)

Land Areas Only

ZONAL
90° N S N IS U S Y Y SN N S I S T I R N N | | S R U S T AVERAGE
7 o
1
o> & ,
o 1= ¢ 0 2
60° N o :
g 2
1
m 1
2
4
30° N —
5
-,
- [
i d 10
o 4
0 o2 2 0 1 3 18 & 18 8
2 3 Yo 24 g 1
- 0 2mn 214 9 al17lss 3 ) 8
_ 9 4 14 3 2 16 7 7323 1) F2g 9
5 3 121 1 5 2 a4 . g o
° 9 7 19 7 f2 10 8
30°S - 1112 11 0 o
i 15 8 12? 6
v S j? 2
2474 © - 1 6
] Reer 2 = - - )
0
9 0
I [ |
° 0

T
180° 150° W 120° W

5
150° E

|
120° E



Map |-47

Given Cumulonimbus, Probability (Percent) That Nimbostratus is Also Present

December, January, February (1971-1980)

Map 1-47

Land Areas Only

ZONAL
90° N | N NN AN S SR (N S N (S TN SN S NN SN [N SN SN AN NN SN NN SN N AN SN N SR SRS S EU S SR N S AVERAGE
— - _ —_— A Q —

—r T A= == 14 = -
L Qﬁb% ) ; s = ]
b_b —== > 2 03 f% 13 24 .
60° N — < = o ’ -
4 s - 8
-~ 310 Y 5
n 5 Py Wi B 6
2= 6
— ( B 6
o - 5
30° N — 2
. 2 g A=Q0 5 3
7] ° 3T Sr 3
0 4 5 5 1 u 3
7] & 78 0 o 2 2
o 5 125 0 2 2 8 3
0" — ‘ 001 0% 2 2, @2/ i 105, B 3
00 2.1 4 4 4 \5 3 88,3 5’ NN 3
1 - 375 1 6 3 5 3}ala ) B s
\3 4 4 3 224323 M LY 3
n 31 9 1 2 3 2 2 - : e 2 N4 Ng B 3
o 6 4 6 12 2 0o 3 3
3075 7 R \/U/ w e
1 3
B 3 o &b— s
o 1 6
. i - 1
60°S — _ - -
— @ o
- AR As
90°S 1 T T [ T T T T T [ T T [ T T | T T [ T T T T T T T T T T T
180 ° 150° W 120° W 90° W 60° W 30° W 0° 30°E 60°E 90° E 120° E 150° E 180 °






Map Il-1 Map II-1

Number of Synoptic Cloud Reports from Land Stations (in Hundreds)
March, April, May (1971-1980) Land Areas Only
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Map 1I-3 Map I-3

Number of Observations of Altostratus or Altocumulus (in Hundreds)

March, April, May (1971-1980) Land Areas Only
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Map I1-4 Map ll-4
Number of Observations of Nimbostratus (in Hundreds)

March, April, May (1971-1980) Land Areas Only
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Map II-5

Map II-5

Number of Observations of Cumulus (in Hundreds)

March, April, May (1971-1980)
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Map |I-6 Map |I-6

Number of Observations of Stratus or Stratocumulus (in Hundreds)

March, April, May (1971-1980) Land Areas Only
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Map II-7 Map II-7

Number of Observations of Cumulonimbus (in Hundreds)

March, April, May (1971-1980) Land Areas Only
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Percent of Land Station Reports Contributing to Statistics of the High Cloud Level
March, April, May (1971-1980)
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Map II-9

Percent of Land Station Reports Contributing to Statistics of the Middle Cloud Level
March, April, May (1971-1980)

Land Areas Only
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Map 11-10 Map 11-10

Frequency of Occurrence (Percent) of Completely Clear Sky

March, April, May (1971-1980) Land Areas Only
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Map II-11

Map |I-11

Frequency of Occurrence (Percent) of Sky Obscured due to Fog

March, April, May (1971-1980)

Land Areas Only
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Map 11-12 Map 11-12

Frequency of Occurrence (Percent) of Ci/Cs/Cc
March, April, May (1971-1980) Land Areas Only
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Map 11-13 | Map 11-13

Frequency of Occurrence (Percent) of As/Ac

March, April, May (1971-1980) Land Areas Only
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Map |I-14 Map II-14

Frequency of Occurrence (Percent) of Nimbostratus

March, April, May (1971-1980) Land Areas Only
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Map [I-15

Frequency of Occurrence (Percent) of Cumulus

March, April, May (1971-1980)

Map 11-15

Land Areas Only
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Map 11-16

Frequency of Occurrence (Percent) of St/Sc

March, April, May (1971-1980)
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Map 11-17

Map II1-17

Frequency of Occurrence (Percent) of Cumulonimbus

March, April, May (1971-1980)

Land Areas Only
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Map 11-18 Map 11-18

Given Ci/Cs/Cc, Probability (Percent) That No Other Cloud Is Present
March, April, May (1971-1980) Land Areas Only
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Map I1-19

Given As/Ac, Probability (Percent) That No Other Cloud Is Present

March, April, May (1971-1980)

Land Areas Only
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Map 1I-20 Map I1-20
Given Nimbostratus, Probability (Percent) That No Other Cloud Is Present

March, April, May (1971-1980) Land Areas Only
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Map II-21

Given Cumulus, Probability (Percent) That No Other Cloud Is Present

March, April, May (1971-1980)

Land Areas Only
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Given St/Sc, Probability (Percent) That No Other Cloud Is Present

March, April, May (1971-1980)
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Map 11-23

Given Cumulonimbus, Probability (Percent) That No Other Cloud Is Present

March, April, May (1971-1980)
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Map I1-24 Map II-24

Given Ci/Cs/Cc, Probability (Percent) That As/Ac is Also Present

March, April, May (1971-1980) Land Areas Only
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Given As/Ac, Probability (Percent) That Ci/Cs/Cc is Also Present
March, April, May (1971-1980)
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Map |I-26

Given Ci/Cs/Cc, Probability (Percent) That Nimbostratus is Also Present
March, April, May (1971-1980)
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Map I1-27 Map lI-27

Given Nimbostratus, Probability (Percent) That Ci/Cs/Cc is Also Present
March, April, May (1971-1980) Land Areas Only

ZONAL
1 | | | L 1 1 | | I AVERAGE

50

68
64

| l 1
180 ° 150° W 120° W 90° W 60° W 30° W 0° 30°E 60° E 90° E 120° E 150° E 180°



90° N

60° N

30° N

30°S

Map [1-28

Given Ci/Cs/Cc, Probability (Percent) That Cumulus is Also Present
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March, April, May (1971-1980)

Given Nimbostratus, Probability (Percent) That Cumulus is Also Present
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Map Il-43

Given Cumulus, Probability (Percent) That Nimbostratus is Also Present

March, April, May (1971-1980)
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Map II-44 Map II-44

Given Nimbostratus, Probability (Percent) That St/Sc is Also Present
March, April, May (1971-1980) Land Areas Only
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Map 1l1-46 Map |I-46

Given Nimbostratus, Probability (Percent) That Cumulonimbus is Also Present

March, April, May (1971-1980) Land Areas Only
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Given Cumulonimbus, Probability (Percent) That Nimbostratus is Also Present

March, April, May (1971-1980)

ZONAL

Land Areas Only

)
w M O NN e CTMmM MM M e NNND®MMmMMmM®MN®MET T TN -
[+ 4
W
% o
I N R N RN SR NN TR N N S
® -—
| 2N
™ A \4\- -
~,
— S0
N OO\YN N Mo L
. < o
] v /,1 NJ 5\ ) ROJ
wb N N | © - —
- , N N
N o Ve e
) ™ { )
m N o n o 6@ zw\& 4./ Lad
® < T ™ .
] - o oY % 7%.‘“@% oO
. N - ® o ~ - m
© < In ™ /Aw 3 /« N
- o o o © : -
Jc N NN OB A s 0 M
< ™ < q
D 11111 o ™
I e o o M < W
- 0o oo m woe o
— |
N o~ o -~ (@]
W o o n (o))
N o~ o m «~ Nu
7 A2 - 0N N - &N N
< ™
° NN - 1N ™ 0
- N0 O N
~N o oo L
n < ™ o °
- w ¢« m @« N (@)
© 0 < . o)
< n
— @ N g .% ~
™ < OO ©~ - ~
- N
© WV N ¢ - O N - < ~ ¥
. b, « < 35 "
0 o o m o «~ °
o) [Ty \
(3] m m O N (@]
6~ <t T < N
[ q - n N N «~ N O
- . e - - - M 10 N N
™ < / , %0 _ =
— 2 g
- - ™
D _ o
— . — O
“ < -
C ¥ -
7 ~
“@5 P
— o
(@]
~ / M
< =
— Y o
N f] <y~ o
l N ofn o
— m..ﬁv oo
0 z "
— 3 L ] m 24‘%?
\ < N & N _® w
& ™m N v,
~ q . :
Q n « ™ - O
(¢)]
] { “ua N ~ «~ O <,
@Q L) I\ - - - 0N -
o ™
P ™M «~ O
- - O o
T a %" A O m
o~ 8\3 N
— 5
2 <
=
o
] o
\ ° un
"oy
) - . o
0/ u i o
T T 1 T T 1 T T T T 1 00
P s P o n
o o o o o
o o o o
o w g M







Map IlI-1 Map 1lI-1

Number of Synoptic Cloud Reports from Land Stations (in Hundreds)
June, July, August (1971-1980) Land Areas Only
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Map Ili-2

Map -2

Number of Observations of Cirrus, Cirrostratus, or Cirrocumulus (in Hundreds)

June, July, August (1971-1980)
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Map IlI-3

Map III-3

Number of Observations of Altostratus or Altocumulus (in Hundreds)

June, July, August (1971-1980)

Land Areas Only
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Map -4 Map Ili-4

Number of Observations of Nimbostratus (in Hundreds)

June, July, August (1971-1980) Land Areas Only
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Map IlI-6 Map IlI-6

Number of Observations of Stratus or Stratocumulus (in Hundreds)

June, July, August (1971-1980) Land Areas Only
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Map [lI-7 Map lII-7

Number of Observations of Cumulonimbus (in Hundreds)

June, July, August (1971-1980) Land Areas Only
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Map III-8 Map -8

Percent of Land Station Reports Contributing to Statistics of the High Cloud Level
June, July, August (1971-1980) Land Areas Only

ZONAL

90° N I NN U Y SN Y N SN Y N U AN SO NN I SUNY U N SR T NN S SR NN SN S N R SR SN SN RN S AVERAGE
; 5 5 62
. — o e 5 <= 30 —~ == 7 “QD ‘ e i >0
= 50 70 <5 6a 6 X 55 s S 55 ) 2 =50 4 59
). 75 70 1 7%% 7 ( 65 0 R~ 59 58 - 87 65 69 72 75 76 77 7 66 68 63 66
60 o N ] 47 ~° 69 65 85 85 88~ 80 63 70 OR 69 68 68 62 69 73 80 79 80 77 75 7 1] _ 71
29 2 %, 79 85° 8o 7 58 62 5 \1Z- N5 74 76 75 74 73 76 77 78 72 75 677 56 5~ 549 7
I R -~ 60\ 72 85 86 'R\WB 72 65 68 2 & . 57 64 75 80 83 82 82 79 78 Z?J 81 78 66. 57 4 ) = 73
5 87 86 87 86 87 75,73 73 7 =% -h 6@ 65 64 64 70 70 75 78 8} 81 8 90_90 91 9‘!?.83 89 87 88 82 84 80 82 87 81 78 69 6}y L B 79
| A7 89 90 92 88 85 81 @ 6 67 66 ya 68 -':‘: m %9@3 94 90 84 B85 86 83 84 88 87 85 80 66 56,59 50 3,8 81
9 96 94 94 91 89 85 83 75 74 81 92 94 94 89 77 71 77 77 74 67 73 70 636158 S8 9 B 83
300 N 64 91 93 92 91 91 88 8486 3 87 93 97 98 97 91 95 87 70 85 68 58 57 48 57 58 57 §9 57 82
] 90 84 93 94 4 9\ . 95 95 97 95 98.98.97 93 89 86 78 80 66 62 S50 47 44 59 6144 70 [ 82
_ -Q§° 93%78, 76 8 B A%ég;ez 87 91 94 92 98 97 88 88573 62 68 7446 56 44 59 6 9@2 | 80
372 82 93 9’7%792 84 87 87 92 94 97 98 96 44 6 68 7* 45) 63 75 8~ S 83
a 60 fO 84,83 8 78.76 83 84 80 89 90790 82 - 58\77 67 6179 71 84 83
66 43 57°85 79 3¢_70 62 53 58 76 70 63 74 68 87 9 86 (B0 786 68 &t B 69
0 o ] . 57 61 94 78 56 54)55 73 62 72 70 74 84 84 I\R2 8 90 99 73
3156 61 73 84 81 839489 71\51 74 8 Q 68,63 * Y 77
1 62 77 77 89 91 90 90 77 4y 66 89 2\92 83 78
7] - 1Y 37 67 85 83 96 96 81 ' 5@ 91 94 95 8%61 86 86 80
93 62 75 87 92 85 B2 94 82 89 83 91 83
N 45/ 66 59 70 72 66..66 49 94 94 80 72 92 ) 76
300 S 57 66 57 63 57 55 7 92 86 7 72
] 50 80 65 66 56 73 79 80 70
S B4 69 66 65
1. 52 82579 63
_4 ’ 2 78 - 60
663 = ~ 63

o
60° S — ~ - a8
50
o 83
90°S —T— 7 T T T T T T T T T T [ T T ] T T [ T T [ T T [ T T T T T [ T 1
o

180 ° 150° W 120° W 90° W 60° W 30° W 0° 30° E 60° E 90° E 120° E 150° E 180°



90° N

60° N

30° N

o
o

30°S

90° S

Map 11I-9

Percent of Land Station Reports Contributing to Statistics of the Middle Cloud Level
June, July, August (1971-1980)
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Map 1l1-10 Map IlI-10

Frequency of Occurrence (Percent) of Completely Clear Sky

June, July, August (1971-1980) Land Areas Only
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Map HlI-11

Map IlI-11

Frequency of Occurrence (Percent) of Sky Obscured due to Fog

June, July, August (1971-1980)
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Map 111-12

Frequency of Occurrence

June, July, August (1971-1980)

(Percent) of Ci/Cs/Cc
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Map IlI-13

Frequency of Occurrence (Percent) of As/Ac

June, July, August (1971-1980)
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Map IIl-14

Map llI-14

Frequency of Occurrence (Percent) of Nimbostratus

June, July, August (1971-1980)
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Map IlI-15

Frequency of Occurrence (Percent) of Cumulus

June, July, August (1971-1980)
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Map llI-16

Frequency of Occurrence (Percent) of St/Sc

June, July, August (1971-1980)
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Map 1l1-17

Frequency of Occurrence (Percent) of Cumulonimbus

June, July, August (1971-1980)
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Map |II-18

Given Ci/Cs/Cc, Probability (Percent) That No Other Cloud Is Present
June, July, August (1971-1980) Land
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Map III-19

Given As/Ac, Probability (Percent) That No Other Cloud Is Present

June, July, August (1971-1980)
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Map Il1-20 Map IlI-20
Given Nimbostratus, Probability (Percent) That No Other Cloud Is Present

June, July, August (1971-1980) Land Areas Only ZONAL
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Map IIl-21 Map 1lI- 21

Given Cumulus, Probability (Percent) That No Other Cloud Is Present
June, July, August (1971-1980) Land Areas Only
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Given St/Sc, Probability (Percent) That No Other Cloud |Is Present

June, July, August (1971-1980) Land Areas Only
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June, July, August (1971-1980) Land Areas Only

ZONAL

90 ° N N S Y Ty T T S S T NN Y N AN TN N SN SO (NN SN TR N N WO SO S AVERAGE
48
i S -
+ 37 57 <5 o a“
8. 53 34 0 . B 2 54 54 60 45
60° N — U ¢ 67 %6 59 37 38 51 48 49 48 62 S0 61 S1 53 44 6 | 52
51 y 3 35 44 48 48 52 51 58 48 51 53 37 4 46 50
_ -~ 40N\\47 56 56 "6 S8%) 49 48 36 39 36 37 48 51 54 u/ 56 57 51 44 3) o - 49
38 W9 56 67 56 58 65 6XBR5] 49 4865743 b2 3 30,27 31 33,35 63 84 53 51 37 37 37 49 76 70 51 49°48 . 48
_ 48 54 58 67 55 61 70 cﬂ % 46760 @'zéo 31 36 47 80 85 83 81 63 59 63 69 73 60,48 46 50 | 51
8 52 49 63 66 67 64 65 63 6 1 24 26 23 22 74 81 78 79 77 77 73 64 61 25 61 6 50
30° N — aR 61 60 72 72 76 69 7577 2 37 33 21 10 27 21 17 22 27 62 72 65 66 65 63 64 77 93 39968 68 48
sa 45 77 84 88) 60 21 41 29 18,130 18 27 40 32 38 46 44 60 77 67 69 73 58 76 [ 39
| -5~1‘> 37°3%, 34 4 Aébz\g)ss 1¢ 37 14 2243 24 11 39 4 %32 28 45 44.34 60 87 84 8361 &2 39
155303 J6 89 8 TT b8 47 24 24 31 55 44 96 94 90 2920% 6 28 35 58
5477 78 62,85 7 46,33 55 88 90 90 69”97 80 41 40 36 1 - 48\a4 65
7 54 81 78789 48 9. 64 51 78 57 43 23 27 24 69 (B2 55
0° — X 34 46 5 61 84 4 42 89 40 29.26 96 55
22,27 10 19 28 18 16 24 10 a8, %8 26 52 44
910 19 9 29 23 24 19 23 10 51 Bkn 1 33
7] - 29 26 17 37 38 24 42 25 14 1317111 2 25
8,56 35 32 26 22 26 (33 1211 8 101 22
B 40/ 27 32 23 28 2120 \1615 14 15)12 16 1 - 21
30°S — 45 35 39 37 29 87 26
40 46 57 4 37
88 60 59 53
1. 4 78572 65
_ 42 5P _ - 52
\‘ =< - ) 45
38
S6

90°S | 1 | | 1 | | H ] | ] ] | | [ | | | | | [ | l ] | I T I | ] 1 1 [ | |
[o] (o]

180 ° 150° W 120° W 90° W 60 w 0° 30° E 60° E 90° E 120° E 150° E 180°



Map llI-26

Given Ci/Cs/Cc, Probability (Percent) That Nimbostratus is Also Present
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Map Ill-27 Map Il1-27
Given Nimbostratus, Probability (Percent) That Ci/Cs/Cc is Also Present

June, July, August (1971-1980) Land Areas Only
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Map IlI-33

Given Cumulonimbus, Probability (Percent) That Ci/Cs/Cc is Also
June, July, August (1971-1980)
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Given As/Ac, Probability (Percent) That Nimbostratus is Also Present
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Map IlII-35 Map IlI-35
Given Nimbostratus, Probability (Percent) That As/Ac is Also Present

June, July, August (1971-1980) Land Areas Only
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Given As/Ac, Probability (Percent) That St/Sc is Also Present
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Map IV-1 Map IV-1

Number of Synoptic Cloud Reports from Land Stations (in Hundreds)
September, October, November (1971-1980) Land Areas Only
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Map V-2

Number of Observations of Cirrus, Cirrostratus, or Cirrocumulus (in Hundreds)

September, October, November (1971-1980)
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Map V-3 Map IV-3

Number of Observations of Altostratus or Altocumulus (in Hundreds)

September, October, November (1971-1980)

Land Areas Only
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Map IV-4 Map IV-4

Number of Observations of Nimbostratus (in Hundreds)

September, October, November (1971-1980) Land Areas Only
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Map IV-8 Map IV-8

Percent of Land Station Reports Contributing to Statistics of the High Cloud Level

September, October, November (1971-1980) Land Areas Only
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Map IV-9 Map IV-9

Percent of Land Station Reports Contributing to Statistics of the Middle Cloud Level
September, October, November (1971-1980) Land Areas Only
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Map IV-10

Frequency of Occurrence (Percent) of Completely
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Map IV-11

Map IV-11

Frequency of Occurrence (Percent) of Sky Obscured due to Fog

September, October, November (1971-1980)
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Map IV-12 Map IV-12

Frequency of Occurrence (Percent) of Ci/Cs/Cc

September, October, November (1971-1980) Land Areas Only
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Map IV-13

Frequency of Occurrence (Percent) of As/Ac

September, October, November (1971-1980)
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Map IV-14 Map IV-14

Frequency of Occurrence (Percent) of Nimbostratus

September, October, November (1971-1980) Land Areas Only
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Map IV-15

Frequency of Occurrence (Percent) of Cumulus

September, October, November (1971-1980)
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Map IV-16

Frequency of Occurrence (Percent) of St/Sc

September, October, November (1971-1980)
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Map IV-17

Frequency of Occurrence (Percent) of Cumulonimbus

September, October, November (1971-1980)

Map IV-17

Land Areas Only
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Map IV-18 Map IV-18

Given Ci/Cs/Cc, Probability (Percent) That No Other Cloud Is Present
September, October, November (1971-1980) Land Areas Only
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Map IV-19 Map IV-19

Given As/Ac, Probability (Percent) That No Other Cloud Is Present
September, October, November (1971-1980) Land Areas Only
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Map IV-20 Map IV-20

Given Nimbostratus, Probability (Percent) That No Other Cloud Is Present
September, October, November (1971-1980)

Land Areas Only
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Map IV - 21

Given Cumulus, Probability (Percent) That No Other Cloud Is Present

Map IV-21

September, October, November (1971-1980) Land Areas Only
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Map IV-22

September,

Map IV-22

Given St/Sc, Probability (Percent) That No Other Cloud Is Present

October, November (1971-1980) Land Areas Only
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Map IV-23

Given Cumulonimbus, Probability (Percent) That No Other Cloud Is Present

September, October, November (1971-1980)

Land Areas Only
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Map IV-24 Map IV-24

Given Ci/Cs/Cc, Probability (Percent) That As/Ac is Also Present
September, October, November (1971-1980) Land Areas Only
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Map IV-25

Given As/Ac, Probability (Percent) That Ci/Cs/Cc is Also Present
September, October, November (1971-1980)
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Map IV-26 Map IV-26

Given Ci/Cs/Cc, Probability (Percent) That Nimbostratus is Also Present
September, October, November (1971-1980) Land Areas Only
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Map IV-27 Map IV-27

Given Nimbostratus, Probability (Percent) That Ci/Cs/Cc is Also Present
September, October, November (1971-1980) Land Areas Only
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Map IV-28 Map IV-28

Given Ci/Cs/Cc, Probability (Percent) That Cumulus is Also Present
September, October, November (1971-1980) Land Areas Only oML
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Map IV-29 Map IV-29

Given Cumulus, Probability (Percent) That Ci/Cs/Cc is Also Present
September, October, November (1971-1980) Land Areas Only

ZONAL
90° N R R R SR U (NN VSN SRS NN NS SN S NN S SUN S N S R S AVERAGE
_ )8 Eg — A Q@ P~
o o~
+ 21f 52 3 3= 1 2
:10} = 43 0 54 51 44 55 50 63 43 40 52 4
60° N — 34 ™ 43 45 51 46 a4 53 67 56 55 50 44 39 1 . | 50
49 46 45 43 47 52 S56 56 S0 42 % 48
|- 55 56 w87 485V 34 a0 1 a7 so s so  s0 35 3 T i 4
49 61 51 48 52 43441 41 4545gD, S4B9 3 32 29.32 28_25 28 2%23 58 68 55 43 33 37 36 48 54 53 39 30’ ¥ 42
6 44 45 55 52 44 53 (26 54 55 31 36 42 62 66 71 64 56 56 50 46 44 38,8129 0 .
7 35 38 46 53 46 46 44 42 4 26 28 24 22 60 61 64 72 70 63 55 49 4544190 38 3¢ B7 40
30° N 5 38 47 45 49 41 47,63 34 25 16 29 21 17 14 10 30 46 42 49 48 44 45 46 46 31757 41 34
] 45 90\43 “49°31 45422310 5 8 1%A20 14 Q18 18 29 20 16 29 29 29 31 35 32 34 39,40 4p [ 27
33 5243 29 17 A 23 19  2%21 35 37 32.40 35 39 4 : 9@2 33
7 ° g1 71 68 BT B 49 49 40 55 64 40 98 30 18 %2 28 sk 42 56~ 70,80 72 % B 52
78 51 49,42 60 82 87 91 8794 81 51 32 N - 54\56 78 9%9¢ 67
n 55 7274 42 69 64 58 29 18 14 56(Y3 4 890 B 52
0° — 11 65 75 3 4457 86 52 2147 75 | 56
17 39 42 28" 50me-7 42 33,41 78 Q 49
B 27 33 45 36 27 30 11 9 23 55 2\47 26 é& 58’ ‘28 64 | 3s
- 33 42 31 29 41 36 3 45 51 53 ad)23}19 2 9 68 37
60 44 45 23 43 31 32 34 43 55 42 26 2%{1) W\V\z B3 o 3s
n 31 40 36 33 2628 17 25 24 26 23 149 6 B 28
o 23 20 28 33 24 $7 23
30° S 34 4 [ 29
36
a8
40
a2
33
90°S — T 7 T T 1 T T ] T T [ T T 17 T T T T T T T T [ T T T T T ] T T T T
180 ° 150° W 120° W 90° W 60° W 30° W 0° 30° E 60° E 90° E 120° E 150° E 180°



90° N

60° N

30° N

30°S

90° S

Map IV =30

Given Ci/Cs/Cc, Probability (Percent) That St/Sc is Also Present
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September, October, November (1971-1980)
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Given Nimbostratus, Probability (Percent) That As/Ac is Also Present

Land Areas Only

ZONAL
| I N I 11| l L | | | I | | I | | L | I R T B B | | AVERAGE
] 2
3
. o 4 3
% 4 2
_ 1 = 1 1 3
-2 2
uE 2
1
_{ 2
2
] 2
3
—— .“D ‘
3
. 3
3
_ 3
3
1 .
5
_| 3
3
| 2
2
_ 2
4
3
1
T T T 1T 1 T T 1 T T 1 T T ] — 1T 1 T T | Tt T [ T T 1 T T [ T T T1 T 71
180 ° 150° W 120° W 90° W 60° W 30° W 0° 30° E 60° E 90° E 120° E 150° E 180 °



90° N

60° N

30° N

30°S

90°S

Map IV-36

Given As/Ac, Probability (Percent) That Cumulus is Also Present
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Map IV-37

Given Cumulus, Probability (Percent) That As/Ac is Also Present
September, October, November (1971-1980)
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Map IV-40

Given As/Ac, Probability (Percent) That Cumulonimbus is Also Present
September, October, November (1971-1980)

Map IV-40

Land Areas Only

ZONAL

A N NN W SRS (SN SN SN SN NN SN S AVERAGE
—_— 22— — - 0
8 3 == 3 3
T e Ry = |
y = 12 : 19 16 10 5 9 4 3 8 3 4 6
1 17 10 13 10 20 20 19 15 11 8 6 3 9
10 22 9 13 21 25 3 29 20 14 12 3¢ 39 B 13
14 13 8 11 19 19 29/ 14 1" 17° %37 32 ) | 10
7 9111315 646 106 8 8111412 3 2 3 2 4 5 4 3 12 1§ = 5
1 44 9661316?’:-;966233333 15 6
7 Y 6,6 7 1 121215225 1 1 6 8 7 2 2 B 7
30° N —| 9 4 6 8 410129 5 7 1711223327251 1 1 1 10
“ 33621 2 4 a 2 5 5101115252526 11 3 4 5 /3 B 8
-3 4 3 5 1 2 e\ 11 2 ) b 11 14 20.81 29 17 14 A 1
n ° 7) 4 1011 9 13 5 7 8 1% 2 6 1% 10 39) 34 21 »¢” B 15
15°3q {0 2 2 18,14 19 26 23 19 1%17 22 18 21 32 126, - 19\19 45 3 29 %37 22
7] Y 13 33 3544 17 Q18 17 22 30 42 29 31 33 28 33 19 60)9 23036 29 9 K B2 B 28
0° a4 a4 212921 17 39)30 36 30 27 58 24 1313 30 25
] ) 1 1 5 7 5 14 8ra-2 1325 30 32 &4 1843 % 16
0\0 2 231711 8 8 2 2 3 26 31 2\151 13
1. % 1 8 1137 3 10 5 2 14 26 14 13 7{11]8 1 12
145158 6 7/2 B 22 17 14 12 102 1
N 1/6 7 5 4 3 4\14 19 15 10)4 3 - 9
30°S — 2/ 6 8 1513 Jo 6 16 22 15 9
1 8 10 8 6 6
2 8 10 7
. B 858 7
3 5 5
) \" -~ 3
1
1
0 0

I [ l [
180° 150° W 120° W 90° W 60° W 30° W 0° 30°E 60° E 90° E 120° E 150° E 180 °



Map IV-41 Map IV-41
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Map IV-46 Map IV-46

Given Nimbostratus, Probability (Percent) That Cumulonimbus is Also Present

September, October, November (1971-1980) Land Areas Only
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