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ABSTRACT 

Hahn, C.J., S.G. Warren, and J. London, 1996: Edited Synoptic Cloud Reportsfrom Ships and Land 

Stations Over the Globe, 1982-1992. NDP026B, Carbon Dioxide Information Analysis Center, 
Oak Ridge National Laboratory, Oak Ridge, TN. (Also available from Data Support Section, 

National Center for Atmospheric Research, Boulder, CO.) 

Surface synoptic weather reports for the entire globe for the 1 0-year period from December 198 1 
through November 1991 have been processed, edited, and rewritten to provide a data set designed for use 
in cloud analyses. The information in these reports relating to clouds, including the present weather 

information, was extracted and put through a series of quality control checks. Reports not meeting certain 
quality control standards were rejected, as were reports from buoys and automatic weather stations. 
Correctable inconsistencies within reports were edited for consistency, so that the "edited cloud report" can 

be used for cloud analysis without further quality checking. Cases of "sky obscured" were interpreted by 
reference to the present weather code as to whether they indicated fog, rain or snow and were given 

appropriate cloud type designations. Nimbostratus clouds, which are not specifically coded for in the 

standard synoptic code, were also given a special designation. Changes made to an original report are 
indicated in the edited report so that the original report can be reconstructed if desired. While low cloud 
amount is normally given directly in the synoptic report, the edited cloud report also includes the amounts, 
either directly reported or inferred, of middle and high clouds, both the non-overlapped amounts and the 

"actual" amounts (which may be overlapped). Since illumination from the moon is important for the 
adequate detection of clouds at night, both the relative lunar illuminance and the solar altitude are given, as 

well as a parameter that indicates whether our recommended illuminance criterion was satisfied. 

Each report is 56 characters in length. The archive consists of 240 files, one file for each month of data for 

land and ocean separately. With this data set a user can develop a climatology for any particular cloud type 

or group of types, for any geographical region and any spatial and temporal resolution desired. 

This data set contains 124 million reports from land stations and 15 million reports from ships. 
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Surface synoptic weather reports are readily available in data sets such as those prepared by the 

National Meteorological Center (NMC) and the U. S. Navy Fleet Numerical Oceanography Center 

(FNOC). For marine reports there is also the Comprehensive Ocean-Atmosphere Data Set (COADS). 

Those data sets are archived at the National Climatic Data Center (NCDC) in Asheville, North Carolina, 
and at the National Center for Atmospheric Research (NCAR) in Boulder, Colorado. The data set 

described here includes only the information from the synoptic weather report that directly relates to 
clouds, as well as some derived quantities that aid in cloud analysis. It was developed as an intermediate 

stage in our own global analysis of total cloud cover (Hahn et al., 1994a) and cloud types, but should be 
useful to other researchers who wish to compare individual surface cloud reports to concurrent satellite- 
derived cloud data for example, or who wish to obtain averages over time or space scales not already 

provided in existing archives. 

The cloud report provided in this data set, referred to as the "edited cloud report" (ECR, or ECRA 
when referring to the archive of all reports), has several features that make it desirable and easy to use in 

cloud analyses: 
1) Synoptic weather reports contain information in addition to clouds, such as air temperature, 

pressure, winds, humidity, visibility, past weather and, for ships, sea surface temperature and ocean wave 

parameters. The ECR excludes these data, thus reducing the data volume. 

those from automated weather stations on land and buoys in the oceans. These are not included in the 
ECRA. 

3) The cloud portion of the synoptic report occasionally contains obvious errors or inconsistencies 
which must be checked for to avoid inclusion of detectably erroneous data in an analysis. Quality control 
procedures developed over years of analyzing surface cloud reports have been applied so that erroneous or 

inconsistent reports have either been excluded or, if possible, corrected before inclusion in the archive. 
4) While the amount of low cloud is directly coded in the synoptic report, the amounts of middle and 

high clouds are not, but may often be inferred. Where possible for upper level clouds, the ECR includes 
both the "actual" cloud amount (sometimes requiring use of the random-overlap assumption) and the non- 
overlapped amount, which is simply that portion of the cloud that is visible from below and requires no 

assumptions. 

many of the nighttime reports are made under conditions of insufficient (moon) light for adequate detection 
of clouds. Use of such reports results in an underestimate of nighttime cloudiness by about 4% globally 
and has a profound influence on computed diurnal cycles in cloudiness (Hahn et al., 1994b). Reports 

made under conditions that satisfy the criterion for adequate illumination specified by Hahn et al. (1 994b) 
are flagged in the ECR, and both the relative lunar illuminance and the solar altitude are given for each 

report. 

2) Data sets of synoptic weather reports include reports that do not contain cloud information, such as 

5 )  Although all reports that meet the above criteria are included in the ECRA, it has been shown that 

The edited cloud report archive described here covers the ten-year period December 198 1 to 

November 1991. These beginning and ending months were chosen to coincide with the boundaries of the 
traditionally-defined seasons December-January-February (DJF), March-April-May (MAM), June-July- 

August (JJA) and September-October-November (SON). Since December 198 1 is considered to be part of 
DJF 1982, the 10-year period is referred to as 1982-1991. This particular 10-year period was selected to 

coincide with the International Satellite Cloud Climatology Project (ISCCP; Rossow and Schiffer, 1991) 
and to extend our previous climatologies (Hahn et al., 1988; Warren et al., 1986 {hereafter referred to as 

W86); Warren et al., 2988 {hereafter referred to as WSS}), which terminated in (November) 1981. 
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Non-standard terms used in the following discussions are defined in the glossary of terms and 
abbreviations in Appendix B. 

2. DATA SOURCES 

The NMC data set (obtained from NCAR) was the source of the synoptic weather reports used for land 

stations. About 144 million reports (22 gigabytes of data) were processed. Only those stations assigned 
official station numbers by the World Meteorological Organization (WMO) were used. Synoptic reporting 
hours are 00,03,06,09, 12, 15, 18,21 Greenwich Mean Time (GMT). In the NCAR archive the 6-hourly 
reports (00,06,12,18 GMT) are stored in separate files from the intermediate 3-hourly reports (03,09,15,21 
GMT) and we processed them in tandem for each month. Within each of these two groups the reports are 

sorted by time. 

The COADS Interim Product CMR5 Reports (Woodruff et al., 1987) were the source of the ship data 

used (also obtained from NCAR). About 22 million reports (540 megabytes of data in packed binary 
format) were processed. Many of these reports are from buoys, however, and do not contain cloud 

information. For an individual month these data are sorted first by 2-degree latitude x longitude boxes and 
then by day and hour. COADS merges a dozen or so subsets of ship data and, as such, is the most 
extensive record of climatic data for the sea surface. However, the Interim Products available at the time 

of our analysis lack much of the digitized ship logbook data from foreign countries which may be delayed 
2 - 5 years (Woodruff et al., 1992). Thus future releases of COADS will contain more data than were 
utilized here. 

3. PROCESSING OF WEATHER REPORTS 

A. Cloud Information in Synoptic Reports and the "Extended" Cloud Code 

Synoptic weather reports are coded according to the system given by the World Meteorological 

Organization (WMO, 1988). The information in these reports that relates to cloud analysis is summarized 
in Table 1 .  All other parameters were ignored in our processing. A more detailed breakdown of the 
definitions of the cloud and weather types, as used here, is given in Table 2. The table shows the synoptic 

codes that correspond to various precipitation types (ww codes) as well as the codes that correspond to the 

various cloud types defined within each of the three reporting levels: low, middle and high (CL, CM, CH). 

We give special consideration to the cloud type nimbostratus (Ns), which is not specifically defined in 
the synoptic code. Codes CM= 2 or 7 may signify Ns but may also signify As or Ac, respectively. We 
consider these codes to signify Ns when there is concurrent precipitation in the form of drizzle, rain, or 
snow as indicated in the present weather code ww (symbolized in Table 2 as D, R and S, respectively). To 
distinguish Ns from As/Ac we "extend" the synoptic code for CM to include the values 12 and 11 to 
represent these cases of CM= 2 and 7, respectively. The extended code values (shown in Table 2) are 
entered in the edited cloud report (Section 4) without loss of the information content in the original report. 

Nimbostratus is also considered to be present when CM= / and specified combinations of precipitation 

and low cloud types are present (Table 2). These cases are given the extended code CM= 10. This 
definition for nimbostratus has been simplified from that used in our previous work (W86, W88). Cases of 
CM=/ with low stratus and drizzle are no longer defined to be Ns. This will cause a slight reduction in 

computed Ns amounts (Section 5C). 
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Special consideration is also given to the case of N=9 (sky obscured). If ww indicates that the sky was 

obscured due to F, Ts, or DRS (symbols defined in Table 2), the cloud type is considered to be Fg, Cb, or 

Ns, respectively, and is given the extended code CL=ll, C ~ = l 0 ,  or C ~ = l 0 ,  respectively, and the value of 
N is set to 8 oktas. 

All the changes described here are coded in a parameter called "the change code" (Section 3C below 

which is also included in the edited cloud report (Section 4), so that unchanged reports could be 
reconstructed if desired. 

B. Processing Through the Total Cloud Stage 

A cloud report may be suitable for total cloud analysis even if cloud type information is incomplete. 

Certain inconsistencies within the cloud type portion of the report may, however, make the whole report 

suspect and cause it to be rejected even for total cloud analysis. The processing and quality control checks 

performed on each weather report read from the original archives (NMC or COADS) and designed to 
ensure suitability for total cloud analysis are shown in the flow chart in Figure 1. The percentage of 

reports discarded at each stage of the processing, which is discussed in the following paragraphs, is 
indicated. 

In the early stages of processing, land and ship reports required slightly different checks (upper portion 

of Figure 1). A land station that did not have a WMO station number was discarded (most of these were 

from the United States), thus ensuring more uniformity in reporting procedures. A ship report known to be 
from a buoy (by the "deck" number in the COADS data) was discarded. Any report that had no cloud 
information (N=/) was discarded. 

In 1982 WMO introduced several changes in the coding procedure (WMO, 1988). One of these 
changes now instructs observers to set ww=/ if present weather was either "not available" or "observed 
phenomena were not of significance" (ww codes 00-03 are considered to represent phenomena without 
significance). The present weather indicator, I,, is used to distinguish these cases. Land station reports 
with I, values of 4,5 or 6 signify automatic weather stations and were discarded. Reports with Ix=3 (data 

not available) were also discarded because without ww it is not>possible to interpret cases of N=9 (see 

W86) or to evaluate the occurrence of precipitation. Ix=2 indicates that observed phenomena were not of 

significance, while I, is coded as "1" when ww is given. Occasionally Ix=l when ww=/; these inconsistent 

reports were also discarded. 

Examination of the NMC data set showed that while land stations adopted this new coding procedure 

almost immediately, I, was not consistently coded in ship reports until 1985, as ship observers tended to 
continue reporting ww in accordance with the old rules. The COADS data set does not even contain I,. 
Thus ship reports could not be screened on the basis of I,. 

At the upper horizontal dashed line in Figure 1, 125 million land reports and 15.8 million ship reports 
remained. The discard fractions below the line are fractions of these numbers. If the reported latitude and 
longitude of a land station put the station on water (rare) or if reported latitude and longitude of a ship put 

the ship on land (0.3%), the report was discarded. A land station was considered to be on water (or a ship 
on land) if the 5x5 degree latitude x longitude box in which it was reported to reside was 100% Ocean (or 
land) as defined in W86. Exceptions to this are that a number of boxes with small islands were allowed to 
contribute to the land data and reports from the Great Lakes and the Caspian Sea were allowed to 
contribute to the ship data. 

If the sky was obscured (N=9) by fog (ww=F; 1.1% land, 2.7% ship), thunderstorms-showers (ww=Ts, 
abbreviated as T in the figure; 0.05% land, 0.1 % ship), or drizzle-rain-snow (ww=DRS, abbreviated here 
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as R; 0.4% land, 0.9% ship), the sky was considered to be overcast (N=8). This source of "cloudiness" 

contributed about 1 ?6 to the total cloud cover globally, and much more in some locations and seasons 

(Hahn et al., 1992). Clouds could not be inferred if the sky was obscured for other reasons, such as 
blowing dust or snow, and such reports were discarded. The change code, IC=l (discussed in Section 3C 

below), signifies that a report came through the N=9 branch of the processing. Thus 1.5% of the land 
reports and 3.7% of the ship reports had N=9 with the ww codes D, R, S, F or Ts. 

Other data consistency checks indicated in Figure 1 ensure that the low cloud amount is not greater 

than the total cloud cover, that precipitation (as defined in Table 2) is not reported with a clear sky, and 

that if cloud is present (and types are reported), some cloud type must be indicated in at least one of the 
three possible levels (this test actually discards a report if N>O and CL=O and C M ~ O  and CH~O). The re- 
coding indicated in the lower left box in the figure is necessary because of a 1982 code change (WMO, 
1988) that instructs observers to set CL=CM=CH=/ when N=O (this requires special attention in cloud type 
analysis and will be discussed in Section 4). 

The number of reports that survive these tests and are suitable for total cloud analysis (referred to as 

"total reports") is 124.2 million for land and 14.7 million for ships. Of these, 90.3 million and 11.1 

million, respectively, were made under sufficient solar or lunar illuminance (referred to as "light reports") 

to meet the established illuminance criterion for adequate cloud visibility (Hahn et al., 1994b). 

I )  Determination of Cloudiness at Night. 

The ability of surface observers to adequately detect clouds at night has been questioned for many 
years (e.g. Riehl, 1947; Schneider et al., 1989). In an attempt to find a practical solution to this "night- 
detection-bias", Hahn et al. (1994b) analyzed ten years of nighttime data for the zone 0-50" N and plotted 

reported cloud cover as a function of the illumination due to moonlight, which depends on the phase and 
altitude (angle above or below the horizon) of the moon and on the distance of the moon from the earth. 

The amount of total cloud reported at night increased as the lunar illuminance increased up to a certain 

threshold, after which the reported cloud cover leveled off. This threshold is referred to as "the 
illuminance criterion" and corresponds to the twilight produced by the sun at an altitude of about 9 degrees 

below the horizon. Thus the illuminance criterion is met when either the sun is at an altitude greater than - 
9" or the position of the moon is such that its illuminance exceeds the threshold. These conditions were 
determined for each report with the use of an ephemeris and the latitude, longitude, date and time of the 
report. 

This illuminance criterion was applied in analyses of total cloud cover and clear-sky frequency (Hahn 
et al., 1994a). (Fog and precipitation frequencies were also analyzed in that study but their detection does 

not depend on illumination). Application of the illuminance criterion increased the computed global 
average total cloud cover at night by about 4% and thus increased the daily average computed cloud cover 

by about 2%. Diurnal cycles,of total cloud cover over land, which typically show daytime maxima, were 
reduced in amplitude when compared to previous studies which did not use the illuminance criterion 
(W86). Over the oceans, the increased computed nighttime cloud cover was often sufficient to result in 
nighttime maxima, in contrast to the daytime maxima previously reported (W88). Preliminary surveys 
conducted in conjunction with the present work suggest that we should expect similarly dramatic effects on 
analyses of middle and high clouds but little effect on low clouds. 

Because of the importance of moonlight in the detection of clouds at night, parameters relating to the 
illuminance criterion are included in the edited cloud report (Section 4). Reports for which the illuminance 

criterion is met are referred to as "light reports", as opposed to "dark reports" (for which the criterion is not 
met) or "all reports" (which includes both light and dark). 
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C. Consistency Checks for Cloud Types and the Change Code 

The reports that failed the cloud type consistency checks shown in Figure 1 were discarded. Other 
inconsistencies are possible which may be correctable or may provide cause simply to reject the report for 

cloud type analysis. As the synoptic reports were processed, any inconsistency encountered required a 

change to be made in the existing code before the report was entered into the edited cloud report archive. 
Any changes thus made are noted by assigning a "change code" (IC) to that report. This change code (with 

values 0 to 9) is preserved in the ECR (Section 4) so that modifications made to the original report can be 
identified. 

Details of the cloud type processing following the total cloud stage shown in Figure 1 are presented in 

the form of the FORTRAN code in Table 3. Each segment of the table (delineated by a change code 
heading) describes the processing of a particular type of inconsistency or change. The changes associated 
with particular coded cases are described briefly in Table 4 along with the frequency of occurrence of each 

change type. (The changes referred to by IC=1 were discussed in section 3B.) Most of the inconsistencies 

under consideration have been discussed previously (W86, W88) but are summarized here. 

For a report to provide useful cloud type information, both Nh and CL must be given. If either is 

missing (and not correctable) then the report cannot be used for cloud type analysis and all cloud type 
variables are set to -1 for consistency (see segment IC-5 in Table 3). Thus if any inconsistency is 
discovered that cannot be corrected, simply setting Nh=-1 will result in exclusion of the report from cloud 
type analyses. For example, the IC-2,4 segment in Table 3 examines the case in which there is middle 
cloud but no low cloud. In such a case Nh should give the middle cloud amount. In some reports Nh was 
improperly set to 0 (W86). If there is also no high cloud then it must be that Nh=N and the report can be 

corrected (IC=2). But if high cloud is present, then the value of Nh is indeterminate, and set to -1 (IC=4), 

and the report cannot be used for cloud types (in such cases all cloud type variables are set to -1 in segment 
IC-5). 

The situation is similar in segment IC-3,4. If only high cloud is present, Nh should properly be 0 but 
is sometimes given the value of N by an observer. This is readily corrected (IC=3). But if NhcN in such a 
case, the report is irreconcilably inconsistent and must be rejected for cloud type analysis (set Nh=-1 and 
IC&). 

Segments IC-6 and IC-9 simply correct cases of sloppy reporting of middle and high clouds, such as 
reporting CM=O rather than CM=/ when the sky is overcast with low cloud. 

Segments IC-7 and IC-8 merely set CM to represent our definition of Ns as a convenience for future 
cloud type analyses. As is usually the case, the original report can be reconstructed if desired. 

The order in which some of these consistency checks is performed is also important to the outcome. 
For example, if segment IC-8 were performed before segment IC-6, then some cases of Ns would go 

undetected. Also, segment IC-9 must be performed after IC-8 for the same reason. However since it is 

not desirable to have the change code IC=8 overwritten by the relatively trivial change IC=9, this latter 
code is only entered in IC (although the change is made) if no previous change has been made (second part 
of segment IC-9 in Table 3). This co-occurrence of change codes should be rare since N is usually large 
when Ns is present. 

From Table 4 we see that some change is made in 12% of land reports and 16% of ship reports, but 

that roughly half of the changes just represent classifymg an observation as Ns, Cb or fog. Thus less than 

5% of land reports and less than 9% of ship reports have been changed due to inconsistencies and most of 
these are due to the relatively trivial cases with I C 4  (and I C s  for ships). 
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After passing the cloud type consistency checks, the number of light reports available for cloud type 

analysis for 1982-91 is 88 million for land and 9.4 million for the Ocean (Table 5). Reports suitable for 

cloud type analysis (CL and Nh > -1) are referred to as "type reports". 

D. The Amounts of Upper Level Clouds 

The synoptic code contains two cloud amount variables, N and Nh. The amount of low cloud, if 
present, is directly specified by Nh. While the amounts of upper level clouds are not directly specified, 

they may often be inferred. Thus when CL=O, the amount of middle cloud is given by Nh, and when 
CL=CM=O, the amount of high cloud is given by N. If all three levels are present there are too few known 
variables to determine the upper cloud amounts. If two levels are present, the amount in the upper level 

may be estimated if the extent of overlap is assumed. 

In the ECR we provide amounts that utilize the random overlap assumption, where necessary, in order 
to best represent the actual cloud amounts (the fraction of the sky covered by a cloud type, whether visible 

or not). We also provide the non-overlapped amounts which require no assumptions but which indicate 
only the amount of the upper level cloud visible from below. (Satellite-derived cloud amounts are typically 
given as the non-overlapped amounts visible from above.) Tian and Curry (1989) tested the minimum, 
maximum and random overlap assumptions and found the maximum overlap assumption to be best for 
adjacent cloud layers, while the random overlap assumption was best for vertically separated layers. 

Table 6 gives our method, in the form of FORTRAN code, for determining the actual and non- 

overlapped amounts of middle and high clouds from a synoptic weather report. A few points should be 
noted. The random overlap equation (lines 17 and 38) is invoked only when N h 4 .  Table 7, which gives 
the outcomes of the possible combinations of N and Nh in the equation, shows that only 2 outcomes are 
possible for the upper cloud amount when Nh=7, namely 0 and 8 oktas, making this a highly inaccurate 

determination (W86). In such cases the upper cloud amount is left undetermined. If the upper cloud in 
question is Ns, however, the maximum overlap assumption is employed and the Ns amount is assigned the 
value of N (lines 13-14, Table 6). In this case the nimbostratus cloud layer is likely to be adjacent to or 
continuous with the low cloud, so the maximum overlap assumption is more appropriate (Tian and Curry, 

1989). Also, certain arbitrary decisions are sometimes required, such as our choice, in line 7 of Table 6, to 

allow middle cloud to be computed when CH=/. This choice is justifiable since such a case tends to occur 
with large N so that any error induced by this situation would be small. 

The number of times reports were processed through the possible paths in Table 6 are listed in Table 8. 
Light reports (for which the illuminance criterion was met) and dark reports (for which the illuminance 
criterion was not met) are both shown, where possible, for comparison. Land and Ocean data were 

processed separately. Non-overlapped (NOL) amounts were computable in more than 90% of the cloud 
type reports since one can know that a cloud cannot be seen even if one does not know whether it is 

present. Thus the non-overlapped amount of an upper level cloud is frequently zero. 

Percentages are not explicitly shown in the table but it can be seen that upper level clouds are reported 

more frequently in the set of light reports than in the set of dark reports (38% and 30%, respectively, for 
land middle clouds, and 44% and 29%, respectively, for Ocean middle clouds, for example). When upper 
clouds are present, they are more frequently computable within the set of dark reports and random overlap 

(ROL) is less often required. Comparing land and ocean, upper level clouds, when observed to be present, 
are less likely to be computable from ocean data and are more likely to require ROL because of the 
predominance of low level clouds over the oceans. (The percentages given here merely represent the 

fractions of reports within the' data set and are not area-weighted global averages.) 
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4. THE EDlTED CLOUD REPORT AND THE DATA ARCHIVE 

A. Contents and Format of the ECR 

Table 9 shows the variables included in the ECR, the number of charac :rs alloca 3d for each, and the 
maximum and minimum values allowed. Each item in the table is discussed briefly below. Sample reports 

selected from ship and land data for 1981 December and 1982 January are provided in Table 10. These 
reports are in the order in which they appear in their respective files (see next section) though these 

selections are not consecutive within the file. The reports are numbered in the table for convenience. 

Item 1: The first item in the report gives the year, month, day and GMT hour of the report, with 2 

characters allotted for each. There are no spaces (",'I, for example, is given as "03") so that the entire item 

can be read as a single integer. Only the last 2 digits of the year (1900s) are given. Months are coded as 

0 1 through 12, representing January through December. 

Item 2: The IB variable indicates whether the illuminance criterion of Hahn et al. (1994b) was 

satisfied (IB=l) at the time and place of the report or not (IB4). This variable can be checked in lieu of 

SA and RI (items 19 and 20 below) if one accepts the criterion specified in Hahn et al. (1 994b). 

Item 3: The latitude (in degrees north and south) is given to 2 decimal places and written as a 5-digit 

integer, and thus must be divided by 100 to obtain actual latitude. Actual values range from +90 to -90 for 
90N to 9OS, respectively. 

Item 4: The longitude (in degrees east) is given to 2 decimal places and written as a 5-digit integer, 

and thus must be divided by 100 to obtain actual longitude. Actual values range from 0 to 360E. 

Item 5: For land stations, ID is the WMO station number (WMO, 1977). For ships, ID is the card 

deck assignment (Slutz et al., 1985). 

Item 6: This parameter indicates whether a report is from a land station (LO=l) or a ship (L0=2). 

Items 7-1 3: These weather and cloud variables are coded as specified by WMO (1 988) except that 

items 11 and 12 have been "extended" as described in Section 3A (Table 2). Also, cases of N=9 (item 8) 
that were not discarded have been converted to N=8. Any such conversion is coded in the "change code" 
(item 18 below). The value "-1" indicates missing data. Item 8 (N) does not obtain a value of -1 in this 
data set since all such reports were discarded during processing. Item 10 (h) may have a value of 9 only 

when a cloud is present since h was set to -1 in cases of N=O (Figure 1). 

Items 14-15: These variables give the "actual" cloud amounts of middle and high clouds and utilize the 
random overlap equation where necessary (Section 3D). Values are given in oktas to 2 decimal places and 
written as 3-digit integers, so they must be divided by 100 to obtain the actual values. An actual value of 9 
(coded value 900) indicates missing data. 

Items 16-17: These variables give the non-overlapped cloud amounts of middle and high clouds and 

represent the amount of cloud visible from below (Section 3D). Values are given in oktas. A value of 9 
indicates missing data. 

Item 18: The change code indicates whether a change was made to the original report during 

processing. Code values are defined briefly in Table 4 and in detail in Figure 1 and Table 3 (Section 3C). 

A change code of 0 means that no change was made other than the trivial change of converting /'s to Os in 
the case of N=O. Examples of reports with each change code are provided in Table 10. 
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Items 19-20: These variables give the solar and lunar parameters needed to determine the illuminance 

provided by the sun ci moon for the date, time and location of the report (Section 3B1). SA is the altitude 
of the sun above the horizon, given to a tenth of a degree (divide the coded value by 10 to obtain the actual 

value). RI is the lunar relative illuminance defined by Hahn et al., (1994b). RI= <p sin(A) (R2/3), where A 
is the lunar altitude, r is the earth-moon distance, R is the mean earth-moon distance, and @ is the lunar 

phase function which varies from 0 to 1 in a concave shape such that a full moon is 10 times as bright as a 

half moon (Hapke, 1971). The illuminance criterion of Hahn et al. (1994b) is met (IB=l, item 2) when 
SA>-9" or RbO.11. (A negative value of RI means the moon was below the horizon.) 

B. Organization of the Archive 

The data are divided into 240 files, one for each month for ten years for land and ocean separately. 

These files range in size from 5.0 to 8.4 MB for the ocean data and from 49.8 to 63.5 MB for the land data. 

In the NMC data set archived at NCAR, the 6-hourly reports and 3-hourly reports (Section 2) are 
stored on separate files. Each of these subsets is sorted first by time and then by latitude and longitude. 
Each land data file of the ECRA was formed by merging the 6-hourly and the 3-hourly data so that for 

each month the reports appear in time order. 
I 

The sort used in the COADS Interim Product (Section 2) was first by 2-degree box, then by time, and 
finally by latitude and longitude for each month. For the ECRA files, the reports were re-sorted by time 
and then by latitude and longitude. 

5. COUNT SUMMARIES 

A. Distribution of Reports over the 8 Synoptic Hours 

Figure 1 and Tables 4 ,5  and 8 showed the number of reports processed, deleted and changed, as well 

as the number of light reports, the number suitable for cloud type analysis, and the number of times upper 
level cloud amounts were computable. Table 11 shows how the reports are distributed over the synoptic 
reporting times. Land stations usually report 8 times per day but some do not (notably in the United States 
and Australia), so that 59% of all reports are made during the 6-hourly times. Ships, however, tend to 
report at the 6-hourly times and only about 10% of the ship reports are for the intermediate 3-hourly times. 

Having only 4 reports per day, rather than 8, limits the resolution possible in computations of the phase 
and amplitude of the diurnal cycle. It was also noted (W88) that regional averages formed from 6-hourly 

ship data may be uniformly different from averages formed from 3-hourly data, consistent with a tendency 
for some ships to give a 3-hourly report only in unusually stormy weather. A bias is also possible when 

averaging over a land grid box that has more than one station if stations within one climatic region report 8 

times per day while stations within a different climatic region report 4 times per day. 

B. Distribution of Code Values 

The histograms in Figures 2a for land and 2b for ocean show the frequency of occurrence of the 
extended code values for the six cloud variables for light reports in the archive of edited cloud reports. [In 
these figures N=9 is shown separate from N=8 although N=9 appears as N=8 (with IC=l) in the ECR.] 

The shaded areas show the Occurrence of precipitation (DRSTs, Table 2). Numerical values for the data 
shown in these figures are provided in Appendix A. Several interesting features are evident in these 

figures. The distribution of codes for total cloud cover N is nearly U-shaped for land but strongly skewed 
towards the higher amounts for oceans. 96.5% of all precipitation occurs with Ny7 over land and with 

N16 over oceans. About 75% of precipitation occurs with Nh&. The reports with Nh=-1 are not usable 
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for cloud type analysis. The most commonly occurring cloud base height code is h=5 (600-1000m) over 

land and h=4 (300-600m) over oceans. The high frequency of h=9 over land is a consequence of the high 

Occurrence of CL=O so that h=9 often refers to the middle cloud level. 

The lower panels in Figures 2a and 2b show the occurrences of various cloud types within the three 
reporting levels. The occurrence of CL=-l is the same as Nh=-1 due to the processing procedure and is the 

fraction of reports that do not contain information relating to cloud types (2.6% for land data, 15.3% for 

ocean data). A larger fraction of the reports have (17.7% for land, 36.0% for ocean) and CH=l 
(33.2% for land, 50.9% for ocean) because of lower overcast. Thus 97.4% of the land reports have 
information about cloud types but only 82% of those have information about the middle cloud level and 

66% about high clouds. For the oceans, 84.7% of the reports have low cloud information but only 57% of 
those have middle cloud information and 40% have high cloud information. 

The low cloud type most commonly reported over land is stratocumulus (CL=~). While this type is 

also relatively common over the oceans, it is exceeded by the cumulus types CL= 1 and 2. About 25% of 
all precipitation occurs with the stratus cloud C L = ~ .  When C L = ~  is reported over land, precipitation is 

present in 67% of the reports. Precipitation occurs in 34% of the ship reports of CL=~.  

While 58% (land) and 46% (ocean) of all precipitation occurs with the middle clouds defined to be 

nimbostratus (CM= 10,11,12), 25% and 38%, respectively, of precipitation occurs when the middle cloud 

level is not given in the report (typically because of low overcast). Because of our definition of Ns shown 
in Table 2, most of these latter cases must have ww= D or Ts. In the high cloud level, 90% of all 

precipitation occurs in reports with CH=l (high cloud level not reported, usually because of lower 
overcast) . 

C. Cases of Sky-obscured and Nimbostratus Cloud 

The occurrence of reports of sky-obscured (N=9) due to fog or precipitation is 1.5% for land and 3.5% 

for ocean, with fog (CL=l 1) accounting for more than two thirds of these values for both land and ocean 

(Figure 2 and Appendix A). These cases of sky-obscured due to fog make up 14% (land) and 48% (ocean) 
of all reported cases (light) of fog. Cases of thunderstorms or showers (CL=lO) account for only about 

3.5% of the reports of sky obscured, and sky-obscured due to thunderstorms or showers make up only 
1.6% (land) and 5.8% (ocean) of the light reports of thunderstorms and showers. The remaining 

contribution to the reports of sky obscured (about one quarter) is due to drizzle, rain or snow. Sky- 
obscured due to drizzle, rain or snow make up 5.1% (land) and 12.9% (ocean) of the light reports of 

drizzle, rain and snow. 

A report of sky-obscured due to drizzle, rain or snow is considered to indicate nimbostratus cloud and 
is given the extended code value CM=10 with IC=l (Tables 2 and 4). Two other sets of circumstances are 
considered to indicate Ns as well. Table 12 shows the contributions of the three major paths to the 
frequency of Ns within the light type reports. (Frequencies based on light type reports are slightly higher 
than the frequencies quoted in the last paragraph which were based on the total set of light reports.) The 
largest contributor to Ns in the land data is the path through C ~ = 2 , 7  (with ww=DRS). For both land and 
ocean C M = ~  is far more important than cM=7 (see cM=l1,12 in Appendix A). The largest contributor to 

Ns in the ocean data comes through the CM=/ path, which has several contributors itself, the largest being 
the case of C L = ~  with DRS. 

Excluded from the definition of Ns are the cases of CM=/ with C~=4,5,6,8 and ww=D (more than half 

of these cases are due to C L = ~  alone). These cases were considered to indicate Ns in our previous 
climatologies (W86, W88) but after subsequent consideration and discussions with colleagues we 
concluded that since drizzle could occur from these low cloud types, the additional inference of Ns above 
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them was inappropriate. Thus the frequencies of occurrence of Ns computed under the current definition 

will be reduced to about 97% (land) and 90% (ocean) of the frequencies given in W86 and W88. 

Another change associated with the simplification of our previous definition of Ns involves cases of 

C ~ = 6 , 7  with DRS and CM= other than 2,7,/. The CL 6,7 in these cases were previously reassigned as Ns, 
but are left unchanged in the present, simplified definition. This results in a further reduction in computed 
Ns frequency by factors comparable to those in the last paragraph. Thus the Ns frequencies computed 

under the present definition may be about 94% (land) and 81 96 (ocean) of those computed under the 

previous definition. Note that these percentages refer to the number of reports in the data set which 
contains a disproportionate contribution of reports from the densely populated northern mid-latitudes and 
thus do not represent the area-weighted global averages. Note also that the user of this data set is not 

restricted to the definitions assigned here since all the information necessary for any other interpretation is 

contained in the edited cloud reports. The definitions discussed above apply only if the reports are used 
exactly as written. 

The cases of CL=l ,2,3,9 with CM=/ and ww=DRS are not considered to indicate nimbostratus cloud. 

D. Distribution of Reports over the Globe 

To show the global distribution of the reports, numbers (shown as log,,) of light type reports are 
displayed on a 5c grid (see Glossary in Appendix B) in Figures 3a (land) and 3b (ocean). Numbers from 
1-9 appear as 0, numbers from 10-99 appear as 1, etc. Grid boxes with no light type reports are blank. 

6. COMMENTS ON USE OF THE DATA 

A. Biases 

A number of biases which can affect analyses of clouds from surface observations are summarized in 

W88. Four biases which we can measure and possibly correct for are described in more detail here. 

I )  The Night-detection Bias and the Day-night Sampling Bias 

The night-detection bias is largely eliminated by using only data for which the illuminance criterion is 

met (Section 3B1). This, however, enhances the daynight samuling bias unless precautions are taken 
since less than half as many nighttime observations will be available compared to the number of daytime 
observations. Thus Hahn et al. (1994a) prepared nighttime and daytime averages separately and averaged 
the two together to obtain the average cloud cover. 

2)  The Clear-sky Bias 

Another potential bias for cloud type analyses was introduced by the synoptic code change in 1982 
which allowed observers to record a "/" for cloud types when N=O. Previously a report with N==O and CL 
or Nh =/ would indicate a station that never reports cloud types and the report would be omitted from the 

cloud type analysis. Now every Occurrence of N=O must be treated as C L ~  and Nh=O. Thus a report 
from a station or ship which never reports cloud types would contribute to a cloud type analysis only when 
the sky was clear, producing a clear-skv bias: the frequency of Occurrence of clear sky computed from the 
cloud type reports would be too high and the frequencies of occurrence of the various cloud types would be 

too low. The magnitude of this bias can be estimated by counting the number of times observers within a 
grid box omit cloud types (Nh=/ or CL=/) when N>O and assuming that the same fraction of the cases of 
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N=O would be from stations or ships that do not report cloud types, and thus should be excluded from the 

denominator when determining the frequency of Occurrence of a cloud type. 

Figures 4a (land) and 4b (ocean) show the global distribution of the percent occurrence of CL=/ (or 

Nh=/) in light reports with N>O (this bias fraction is referred to as fb). (Note that when computing these 

fractions using the ECRA, reports of Nh=-1 with I C 4  must not be counted in fb  since these values were 

set during data processing and not by the observer.) In the land data, extremely large values occur only in 

northern Alaska (87%, underlined in Figure 4a) and in northeast Greenland (72%). Ship data show large 
values in the Great Lakes region of North America where values exceed 90% and in some European waters 

where values are as great as 82%. Values of fb average about 3% for land data and about 10% for ship 
data. 

To determine how much effect this bias would have on computed cloud type frequencies, the "clear- 

sky adjustment factor" (AFO) was defined such that Fa = AFO * Fr, where Fa is the adjusted frequency of 

occurrence of some cloud type and Fr is the frequency that would be computed using the potentially biased 
cloud type reports. Since Fr = Nt / Nr, where Nt is the number of Occurrences of a particular cloud type 

and Nr is the number of reports contributing to the cloud type analysis, and Fa = Nt / (Nr - fb NO), where 

NO is the number of occurrences of N=O and fb  is the fraction of NO that should be discounted, then, using 

f0 = NO /Nr, Fa can be represented as Fa = Nt / fNr - fb  f0 Nr) = Nt / (Nr (1 - fb  f0)) = Fr /  (1 - fb  

fo). Thus AFO = 1 / (1 - fb  fo) and is equal to one if either fb or f0 is zero. 

Figures 5a and 5b show the global distribution of AFO {displayed as 100 x (AFO-1)) over land and 
ocean, respectively. This analysis shows that, on average, cloud type frequencies, if uncorrected, would be 
reduced only to about 99.5% of their correct values by this bias (average AFO = 1.003 for land and 1.007 
for Ocean) and that most regions of the globe are essentially unaffected. However a few regions are greatly 
affected, namely northern Alaska, northeastern Greenland, the Great Lakes, and some seas around Europe. 

These are the regions with high values of fb (Figures 4a and 4b). The two most extreme regions, the Great 

Lakes and northern Alaska, have biased values 41% and 27% of their correct values. Other than the AFO 
values of 3.68 in Alaska and 1.31 in Greenland, no land box has a value greater than 1.08. In the Ocean 

data, moderate values of A F O  (around 1.10) occur in the Middle East where clear-sky frequencies are high 

(W88), and several higher values are seen in the seas of Europe and in the Great Lakes of North America. 
While it may be desirable to apply this adjustment factor to regions of moderately large AFO values, 

practical application of this correction will be complicated by the fact that AFO values vary from year to 
year, season to season, and day to night. Fortunately correction is unnecessary over most regions of the 
globe and the regions noted in Figures 5a and 5b for large adjustment factors can simply be eliminated 

from a cloud type analysis. 

Note that while cloud type frequencies are subject to the clear-sky bias because of the coding 
instructions and practices for cloud type reports, the frequency of Occurrence of clear sky itself (and also 
the frequency of fog) can be computed without this bias by using the total cloud data set to which this bias 

does not pertain (as was done in Hahn et al., 1994a). 

3) The Sky-obscured Bias 

Our recognition of certain cases of N=9 as overcast cloud (Section 3B) is important in obtaining 

accurate estimates of the amounts of fog and nimbostratus cloud, but may introduce the sky-obscured bias, 
which is similar in principle to the clear-sky bias discussed above. Since CL=/ whenever N=9, it is not 
possible to distinguish stations or ships that normally report cloud types from those that do not. Thus the 
latter stations will contribute to the cloud type analysis only when the sky is obscured (aside from the case 
of clear sky which was discussed above). This will tend to cause the computed frequencies of fog and 

nimbostratus cloud to be too large and the frequencies of other cloud types to be reduced. The fraction fb  
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shown in Figures 4a and 4b is again a measure of the potential of this bias. A "sky-obscured adjustment 

factor" (AF9) is defined in a manner similar to that for A F O  defined above such that Fa = AF9 Fr and 

AF9 = 1 / (1 - fb f9), where f9 is the frequency of occurrence of N=9 in cloud type reports. 

The global distribution of f9 is given in Figures 6a and 6b. The box in northern Alaska (underlined), 

which was shown previously to have fb4.87 (Figure 4a), also has the relatively large value of 0.16 for f9 
which gives AF9=1.16. Inspection of Figures 4a and 6a together shows that this is the largest AF9 value 

for land data and that in most regions the value of AF9 is near 1 .OO. Ship data have larger fb values 
(Figure 4b) and larger f9 values (Figure 6b) than land data. Also the large values are distributed over 

larger regions. The largest f9 values occur, again, in the Great Lakes region where they combine with fb to 
produce AF9 values that approach 2. In the North Pacific, where large amounts of fog occur during the 

summer season (W88), moderately large f9 values (-0.20) occur with moderate fb values (-0.1 l), giving 
AF9=1.02 which is a relatively small bias. The global average values for AF9 are 1.0003 for land and 

1.003 for the ocean. Thus, aside from the few regions specially noted to be removed from cloud type 
analysis, the sky-obscured bias is generally small. Any bias in the frequency of fog itself can be eliminated 
by computing it from the total cloud reports, as mentioned above. Any bias towards increasing the 

nimbostratus frequency will be small since N=9 contributes only a small portion of the total nimbostratus 
(Table 12) and will be compensated somewhat by the tendency towards reducing the frequency of Ns 
contributed by the CM=2,7 and CM=/ paths. 

B. Computing the Average Cloud Amounts and Frequencies 

The determination of the average cloud amounts and frequencies of occurrence from surface 

observations requires some special considerations to avoid various potential biases and to obtain 
representative values. Upper level clouds present special problems because they are sometimes partially or 

completely hidden from the view of the observer by lower clouds. These issues are discussed in detail in 
W86 and W88 but will be highlighted here. 

1) Total Cloud Cover 

Total cloud cover is basically the sum of the values of N in the synoptic code (converted to percent if 
desired) divided by the number of contributing reports. However, to avoid the day-night bias discussed 

above, some method of equalizing the contribution of reports between day and night is necessary. In W86, 

averages were obtained by first forming averages for the 8 synoptic hours and then averaging these 8 
numbers. For oceans, where data are less plentiful, this method will result in significant loss of data 
because the 3-hourly times often do not have a sufficient number of reports to obtain a statistically reliable 
average. Therefore, Hahn et al. (1 994a) divided the day into two 12-hour periods, 0600-1 800 local time 
("day") and 1800-0600 local time ("night"), and averaged these two numbers. Note that when using only 
the light reports (to avoid the night-detection bias) to form monthly averages, only about two weeks of data 
will contribute to the nighttime average in any single month. Due to this "monthlv-sampling error" there 
will be more scatter in monthly averages from year to year although multi-year averages should become 

more statistically representative of climatological means as the number of contributing years is increased. 

Similarly, seasonal averages should be more representative of an individual season than monthly averages 
are of an individual month. 

These considerations of the day-night bias, nightdetection bias, and monthly-sampling error apply 
equally well to cloud type analyses discussed below. However, for quantities such as fog and precipitation, 
whose detection does not depend on illumination, all observations may be used, minimizing all three of 

these biases. 
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2) Low Cloud Types 

Of the 90.3 million light reports suitable for total cloud analysis for land (Figure l), 88.0 million have 

cloud type information (Table 5). For the Ocean these numbers are 1 1.1 million and 9.4 million. In the 

type reports, the amount of a low cloud type (if present) is always given in the Nh variable of the report. 
The average amount for a particular low cloud type can be obtained, in a manner similar to that for total 

cloud amount, by summing the Nh values when the type is present and dividing by the number of 

contributing reports (using the precautions against the day-night bias discussed above and adjusting for the 
small clear-sky and sky-obscured biases if desired). The contributing reports consist of those with C e O  

and N h s  and include reports of N=O. An alternative, but equivalent, method for obtaining the average is 
to compute the frequency of Occurrence (f) of the type (the number of occurrences of the type divided by 

the number of contributing reports) and the amount-when-present (awp; sum of Nh's divided by the 

number of occurrences of the type) separately. Then the average amount is avg = f x awp. This latter 
method is described because it is often of interest to know the frequency of Occurrence of a type in addition 

to its amount, because awp tends to be characteristic of a cloud type, and because this is the method used 

in computing upper level cloud type amounts. 

3) Upper Level Clouds 

Cloud type reports do not always contain information about upper level clouds because they may be 
hidden by an overcast or near-overcast layer of lower clouds. Thus, of the 88.0 million light type reports 
for land (Table 8), only 74.4 million have information about the middle cloud level ( C M ~ )  and 60.3 
million have information about the high level (CHN). Of the 9.4 million light type reports for the oceans, 
7.1 million have CM~O and 5.5 million have C@. 

The average amounts of upper level cloud types are obtained as described in the last section: avg = f x 
awp. Since we want the actual frequency of Occurrence of a cloud type, and not just the frequency with 
which it is visible, f is computed as the number of times the type was observed divided by the number of 

reports of C@ (where Cu represents either CM or CH). For land, middle and high cloud frequencies are 

determined from 84.5% and 68.5% of the light type reports, respectively. For the oceans these values are 

75.5% and 58.5%, respectively. The question of the degree to which these portions of the data set 
represent the whole data set for types is discussed in W86 and W88. Based on a study of the frequency of 

Occurrence of As/Ac [f(As,Ac)] versus low cloud amount, Warren et al. (W88) applied an adjustment to 
f(As,Ac) which assigned to the cases of CM=/ (15.5% of the type reports for land and 24.5% for ocean) a 

value that is the average of f(As,Ac) of the reports that have low cloud amounts of 3 to 7 oktas. For high 
clouds, f was computed only from reports with N h 4  in order to reduce the partial-undercast bias (W88). 

The amount-when-present of an upper cloud type can be determined, when it is reported present 
(CUM), only if there are at most 2 cloud levels present. In addition, amounts are not computed for an 
upper cloud if it is undercast by a layer which covers 7 oktas or more of the sky (Section 3D). Therefore 

awp is computed from an even smaller pool of data than that used for frequency computations. Table 8 
shows that, for land, 78% of the observed (light) occurrences of middle clouds and 75% of the observed 
occurrences of high clouds are computable. For the ocean data these values are 61 % and 43% 

respectively. Nevertheless, awp computed from these data is probably fairly representative of the actual 

awp (W86 and W88) and any error in awp results in a smaller e m r  in avg by the factor f. Any systematic 

error inherent in the random-overlap assumption would produce a smaller error in computed amounts since 
this assumption is used for only a fraction of the computable observations. Table 8 shows that the random- 
overlap assumption is used in 39% of the computable observations (light) of middle cloud and in 55% for 
high cloud over land. These fractions are larger for ocean data with random overlap used for 60% of the 
computable middle clouds and 70% of the computable high clouds. 
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Special note about Ns: Because Ns is defined on the basis of the occurrence of precipitation (Table 2) 
which does not depmd on the visibility of the middle cloud level for its detection, its presence or absence 
is known for every type report. Thus the number of contributing reports for f(Ns) is the same as that for 
low cloud types (CL~O and NhkO). However, when present, its amount is not always known and a 

separate tally (which will be different from that for the As/Ac clouds) must be kept for determining its 
awp. 

7. HOW TO OBTAIN THE DATA 

This documentation and the data described herein are available from: 

Carbon Dioxide Information Analysis Center 
Oak Ridge National Laboratory 
Post Office Box 2008 
Oak Ridge, TN 37831 -6335, U.S.A. 

Telephone (423) 574-3645 or (423) 574-0390 

or 

Data Support Section 
National Center for Atmospheric Research 
Boulder, CO 80307, U.S.A. 

Telephone (303) 497-1215. 

The following citation should be used for referencing this archive and/or this documentation report: 

Hahn, C.J., S.G. Warren, and J. London, 1996: Edited Synoptic Cloud Reportsfrom Ships and Land 

Stations Over the Globe, 1982-1991. NDP026B, Carbon Dioxide Information Analysis Center, Oak 
Ridge National Laboratory, Oak Ridge, TN. (Also available from Data Support Section, National 
Center for Atmospheric Research, Boulder, CO.) 

The archive of our earlier climatology (Hahn et al., 1988) and the accompanying atlases (Warren et al., 
1986, 1988) are also available from the same sources listed above. 
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Table 1. Cloud Information Contained in Synoptic Weather Reports 

* 
Symbol Meaning COdeS 

N total cloud cover 

lower cloud amount 

lower cloud base height 
low cloud type 

middle cloud type 

high cloud type 
present weather 

present weather indicator 

0-8 okta~ 
9= sky obscured 

0-8 oktas 
0-9 
0-9 
0-9 
0-9 

00-99 
1-6 

* 
Any category for which information is lacking to the observer is coded as "/". 
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Table 2. Cloud and Weather Type Definitions Used 

Shorthand Extended 

Level notation Meaning synoptic codes &# 

TCC 

Clr 

PPt 
D 
R 
S 
Ts 

LOW 

Fg 
St 

sc 
cu 
Cb 

Mid 

NS 

As 
Ac 

High 

cs 
Cic 

Cid 

total cloud cover N = 0-9 

completely clear sky N = 0 

precipitation 

drizzle 
rain 

snow 

thunderstorm,shower 

sky obscured by fog 
Stratus 

stratocumulus 

Cumulus 
cumulonimbus 

nimbostratus 

altostratus 

altocumulus 

cim>stratus 

cirms, cirrocumulus 

dense cirms 

WW= 50-75,77,79,80-99 
50-59 

60-69 
70-75,77,79 

80-99 

cL= * 
/ with N=9 and WW=F 

CM= 
2,7, or N=9, with wDRS 
/ with wDRS and C~=0,7 

/ with WW= RS and C L ~ - 8  
1; 2 ifnotDRS 

3,4,5,6,8,9; 7 

0-8 

11 

10 

12,11,10 
10 
10 

# Extended codes shown where they differ &om synoptic codes. In the extended 

* F represents the fog codes ~ 1 0 - 1 2 , 4 0 - 4 9 .  

code the value "-l", rather than "P, is used to signify missing infomation. 
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Table 3. FORTRAN Code for Checking Cloud Type Consistencies {All 
variables are integers. Cloud variables are defined in Table 1 .  Here DRS 
(Table 2) is “1” if true and “0’ if false. IC is the Change Code (Table 4).} 
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Table 4. Change Codes for Edited Cloud Reports 

Occurrence (96 ) 

* ** Land Ocean 
all light all light 

# 
IC Case (brief description ) Changes made 

0 

1 N=9 with ppt or fog 
3.7 3.5 

2 Nh=O with CM>O and CL=O 

3 Nh=N with CH>O and CL=CM=O 
4 N h d  where should be Nh=N 
5 CL =/ with CM or CH 

6 CM or CH miscoded as 0 

7 CM=7,2 for Ns 

8 CM=/ forNs 
9 CM or CH miscoded as / 

0.1 0.1 

none# 

N=8; CL=10,11 

or CM=10 
Nh=N 

Nh=O 
Nh=/ 

CM,CH =/ 

CM or CH =/ 

CM=11,12 
CM=lO 

CM or CH =O 

88.2 88.2 84.4 84.2 

1.5 1.5 

0.2 0.2 

0.1 0.1 0.3 0.4 
0.4 0.4 0.9 0.9 
0.1 0.1 0.7 0.7 

3.2 3.5 4.0 4.4 
3.7 3.5 1.3 1.4 
2.4 2.2 1.9 2.0 

0.3 0.3 2.7 2.4 

* Also order in which changes made. IC=9 is recorded only if no previous change (possibly 7 or 8) 

** See Table 3 for details. 
# The value "-1" is used to signify 'I/,,. 

## Cases of N=O for which Nh=CL=SM=CH=/ were set to 0 were not considered 

occurred. 

to be changes. 

Table 5. Number of Reports with Cloud Type Information (Nh > -1, CL > -1) 

Land Ocean 
all reports 121 million 12.1 million 

light reports 88 million 9.4 million 
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Table 6. FORTRAN Code for Determining Upper Level Cloud Amounts 

*jum,juh are middle and high cloud non-overlapped amounts in octa (9=missing). 
*AM,AH are "actual" amounts with possible use of random overlap. 
*JAM,JAH are integer values of AM,AH to 2 decimal places for ECR (900=missing). 
* Other variables are integers. Cloud variables are defined in Table 1. 

jum= 9 1 
juh= 9 2 
JAM=900 3 
JAH=900 4 
if (CL.ge.0 .and. Nh.ge.0) then 5 

c MID------------------------------------------------------------------- - 
IF (CM.GT.0) THEN 6 

IF (CL.EQ.0 .OR. CH.LE.0) THEN 7 

IF (CL.EQ.0) THEN 8 

jum= Nh 9 

c. . . . . . . . . . . . . . . . . . . . . . . . . . . .  present 

c.. . . . . . . . . . . . . . . . . . . . . . . . . . .  computable 
JAM= Nh*100 10 

ELSE 11 
12 

IF (CM.LE.12 .AND. CM.GE.lO) THEN 13 

JAM= N*lOO 14 
ELSE 15 
IF (Nh,LT.7) THEN 16 

AM= B.*(N-Nh) / (8.-Nh) 17 
JAM= AM*lOO. +.5 18 

END IF 19 
END IF 20 

END IF 21 
ELSE 22 
IF (Nh.EQ.N) jum=O 23 

END IF 24 
ELSE IF (CM.EQ.0) THEN 25 

JAM=O 26 
j um=O 21 

ELSE 28 
IF (Nh.EQ.N .AND. CL.GT.0) jum=O 29 

END IF 30 

IF (CH.GT.0) THEN 31 

IF (CL.EQ.0 .AND. CM.EQ.0) THEN 32 

j urn= ( N-Nh ) 

c. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ns computable 

c. . . . . . . . . . . . . . . . . . . . . . . . . . . .  computable,ROL 

c HI-------------------------------------------------------------------- - 

c. . . . . . . . . . . . . . . . . . . . . . . . . . . .  present 
juh= N 33 

JAH= N*100 34 
ELSE IF (CL.EQ.0 .OR. CM.EQ.0) THEN 35 
juh= (N-Nh) 36 
IF (Nh.LT.7) THEN 37 

AH= E.*(N-Nh) / (8.-Nh) 38 
JAH= AH*lOO. +.5 39 

END IF 40 
ELSE 41 
IF (Nh.EQ.N) juh=0 42 

END IF 43 
ELSE IF (CH.EQ.0) THEN 44 
JAH=O 45 
j uh=O 46 

ELSE 47 
IF (Nh.EQ.N .OR. (CL.GT.0 .AND. CM.GT.0)) juh=0 48 

END IF 49 
end if 50 

c. . . . . . . . . . . . . . . . . . . . . . . . . . . .  computable 

c. . . . . . . . . . . . . . . . . . . . . . . . . . . .  computable,ROL 
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Table 7. RANDOM OVERLAP COMPUTATION TABLE 
(For upper level cloud amount when 2 and only 2 levels present) 

Amount Upper Cloud [octal = 8. * (N - Nh) / (8. - Nh) 

N\Nhl 7 6 5 4 3 2 

I I I I I I I I --------- 

Table 8. Number of Reports in which Upper Level Cloud Amounts were Computable 

(millions of reports) 

LAND SHIPS 
Middle Cloud Hiah Cloud Middle Cloud H iuh C1 OUQ 

Number of: Light Dark Light Dark Light Dark Light Dark 

Type reports 8 8 . 0  33.0 88.0 33.0 9.4 2.7 9.4 2.7 
NOL computed 81.2 31.7 81.1 31.7 8.4 2.5 8.4 2.5 
Level reported 74.7 # 60.3 # 7.1 # 5.5 # 
Cloud observed 33.0 10.0 27.6 6.5 4.1 0.8 2.3 0.8 

Computable 25.7 8.7 20.7 5.3 2.5 0.6 1.0 0.15 
ROL used 10.1 2.4 11.3 2.3 1.5 0.3 0.7 0.10 

* 
NOL signifies non-overlapped amounts and ROL signifies the random overlap assumption. 

# Data not available. 

29 



Table 9. Contents and Format of the 56-character EDITED CLOUD REPORT 

Number of Minimum Maximum 
value Item Description Abbreviation characters value 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

year,month, day, hour 

sky brightness indicator 

latitude xlOO 

longitude xlOO 

station number (land) or 
source deck (ships) 

land/ocean indicator 

present weather 

total cloud cover 

lower cloud amount 

lower cloud base height 

low cloud type 

middle cloud type 

high cloud type 

middle cloud amount xlOO 

high cloud amount xlOO 

non-overlapped amounts: 

middle cloud amount 

high cloud amount 

* 

change code 

solar altitude (deg x10) 

LO 

ww 

N 

Nh 

h 

CL 

CM 

CH 

AM 

AH 

UM 

UH 

IC 

SA 

8 

1 

5 

5 

5 

1 

2 

1 

2 

2 

2 

2 

2 

3 

3 

1 

1 

2 

4 

81120100 

0 

-9000 

0 

01000 
110 

1 

-1 

0 

-1 

-1 

-1 

-1 

-1 

0 

0 

0 

0 

0 

-900 

relative lunar illuminance xlOO RI 4 -110 

91113023 

1 

9000 

36000 

98999 
999 

2 

99 

8' 

8 

9 

11t 

12# 

9 

900 

900 

9 

9 

9 

900 

117 

# Cases of sky-obscured (N=9) due to fog (ww 10-12,40-49), thunderstorms (ww 80-99) or 
drizzle/rain/snow (ww 50-75,77,79) have been converted to N=8 and CL=11 (fog) or CL=lO 
(thunderstorms) or CM=10 (Ns). Certain cases of CM=/ with driztle/rain/snow have been 
converted to CM=lO also. Cases of CM=2,7 with drizzle/rain/snow have been converted 
to CM=12,11, respectively, to indicate Ns. Changes are coded in the IC parameter. 

* Upper level cloud type amounts can be computed only when 2 or less levels are present. 
AM and AH come from Nh, N, or the random-overlap equation and represent "actual" 
cloud amount. UM and UH are the amounts visible (the non-overlapped amounts) and 
come from Nh, N, or N-Nh. [Amounts are given in octa, AM and AH to two decimal places.] 
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Table 10. Sample Edited Cloud Reports in 56-character Format 

I L uu I 
YrMnDvHrB L a t  Lon IdOwwNNh hClCmCh Am AhMH C SA RI 

Ship : 
(1) 811205060 674030580 8902758 8 0 010-180090080 1-391 -4 
(2) 811224180 5810 140 8882618-1-1-1-1-190090099 0-204 0 
(3) 811230181 586021640 9272 37 6 3 6 6-140090010 0 -31 -1 
(4) 811209181 5510 600 8902857-1-1-1-1-190090099 0-230 31 
(5) 811203001 541019970 9262 36 6 2 7 1-1 090000 0 114 0 
(6) 811218120 514017160 9272683 3 3 710 0300 000 8-613 -1 
(7) 811220121 500035790 8902 28 8 3 5 2-190090000 0 165 0 
(8) 811204000 498029810 9262458 8 011-1-190090000 1-363 2 
(9) 811207181 468031380 8902468 8 9 0 1-180090080 6 91 3 

(11) 811210001 398014250 8902 27 7 5 5 2-190090000 6 190 -38 
(12) 811225060 397023360 8902463-1-1-1-1-190090099 5-552 0 

(14) 811219151 360034550 9262 25 4 3 3 2-120090010 0 236 -1 
(15) 811216120 355014110 8902 00 0-1 0 0 0 0 000 0-551 -3 
(16) 811224061 349016210 9262 28 7 4 5 2-190090010 0 1 0 
(17) 811209001 332016430 8902 38 8 4 7 8 190090000 0 324 -33 
(18) 811221050 332033690 9272 12-1-1-1-1-190090099 4-433 0 
(19) 811224120 245013560 9262508 8 3 4-1-190090000 0-496 0 
(20) 811205001 250023650 9262 27 7 4 8 9 390090000 0 158 6 
(21) 811221181 244028980 9262 56 4 5 8 3-140090020 0 382 0 
(22) 811211181 218027640 9272 22 2 3 1 0 0 0 000 9 444 -72 
(23) 811210121 143011600 8902 28 1 3  1 0 5 080007 0-308 58 
(24) 811222181 121026940 9272 23-1-1-1-1-190090099 4 544 0 
(25) 811230120 -47911170 8902807 3 4 3 7-164090040 0-172 0 
(26) 811205180 -78911830 9262 28 3 3 6 1-180090050 0-473 -3 
(27) 811221121-123932380 8902508 8 4 9-1-190090000 0 543 1 
(28) 811201181-163934780 8902 26 6 7 0 5 0600 060 2 145 1 
(29) 811218061-2069 1280 8902 27 7 4 5-1-190090000 6 200 7 
(30) 811209001-2239 780 8902168 8 3 9 7-190090000 0-438 29 
(31) 811226121-238931790 9262 38 6 6 4 7-180090020 0 514 0 
(32) 811213181-3519 1940 8882 38 8 5 6 5-190090000 6 -23 -21 
(33) 811217001-351927230 8902 27 6 6 5-1-190090099 0 106 -13 
(34) 811201181-395930100 8902 56-1-1-1-1-190090099 4 563 1 
(35) 820104180 448014800 8902638 8 5 712-180090000 7-391 -6 

(36) 820102180 411012615543771498 8 011-1-190090000 1-554 -4 
(37) 820103121 6112 907 13711-11-1-1-1-1-190090099 0 58 0 
(38) 820110181-2087 5552619801-14 1 5  8 3 290090099 0-343 34 
(39) 820109031 184329033784851-17 4 5 2 3 0600 030 0-649 89 
(40) 820122091 6028 522 13111618 7 4 712-180090010 7 28 0 

(10) 811224121 428031810 8902804 2 0 0 8 520026722 0 134 0 

(13) 811224001 369014160 8882 14 0 9 0 0 6 040004 3 197 0 

Land : 
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Table 11. Distribution of Reports over the Synoptic Reporting Times 

Percent of reDorts a t  renortinu times (GM") 
Total Number 00 03 06 09 12 15 18 21 6-hr 3-hr 

LAND 
a l l  reports 124,164,607 14.4 9.4 14.6 11.4 15.7 10.3 14.4 9.8 59.1 40.9 
l i g h t  reports 90,348,885 12.6 9.6 17.6 14.7 17.3 10.3 11.3 6.6 58.8 41.2 
cloud type rpts 87,982,297 12.6 9.7 17.6 14.6 17.3 10.3 11.3 6.6 58.8 41.2 

( l i ght )  

SHIP 
a l l  reports 14,721,941 22.7 2.6 22.4 2.8 22.6 2.9 21.7 2.3 
l i g h t  reports 11,093,710 22.0 2 . 2  21.1 3.0 22.9 3.4 23.2 2.2 
cloud type rpts 9,400,201 22.5 2.1 21.8 2.8 22.8 2.9 23.0 2.1 

( 1 ight ) 

89.4 10.6 
89.3 10.7 
90.1 9.9 

Table 12. Contribution of the Various Paths to Total Nimbostratus Frequency 

LAND OCEAN 
88 million 9.4 million 

l i a h t  tvoe reDorts l i a h t  tme reDorts 
frequency percent frequency percent 

Path to Ns ww N s ,  % of N s  N s ,  % of Ns 

Total 6.24 4.90 

CM=2 , 7 

N=9 

a=/ : 
CL=7 
CL= 0 
CL= 6 
CL=4,5,8 

* 
Exclusions : 
CL=4,5,6,8 D 

CL=1,2,3,9 D , R , S  

3.59 

0.39 

2.26 

-0.2 
-0.08 

58 

6 

1.60 

0.96 

2.34 

-0.6 
-0.3 

33 

19 

* Approximate values based on January data: for exclusions and values in parentheses. 
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Report included in data set. 
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Figure 2a Frequency distribution of extended code values for indicated cloud variables in edited light reports 
from land stations over the globe for 1982-1991. Shaded areas indicate occurrence of precipitation. 
(N4 is relabeled as N=8 in the ECR.) 
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Figue 2b. Frequency distribution of extended code values for indicated cloud variables in edited light reports 
from ships over the globe for 1982-1991. Shaded areas indicate occurrence of precipitation. 
(N=9 is relabeled as N=8 in the ECR.) 
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Figure 3a. Global distribution of log(number) of light reports for cloud types for 1982-1991 

land data. 87,982,297 reports in 860 5x5' grid boxes (see Glossary: "5c grid"). 
Blank indicates no reports. 
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Figure 3b. Global distribution of log(number) of light reports for cloud types for 1982-1991 
ship data. 9,400,201 reports in 1502 5x5' grid boxes (see Glossary: "5c grid"). 

Blank indicates no repoks. 
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Figure 4a. Global distribution of occurrence of CL=/ or Nh=/ with N>O (fb) in light reports 

for 1982-1991 land data (%). Global average for 843 Sc-grid boxes with 50 or more 
reports is 2.7%. 
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Figure 4b. Global distribution of occurrence of CL=/ or Nh=/ with N>O (fb) in light reports 

for 1982-1991 ship data (%). Global average for 1487 Sc-grid boxes with 50 or more 
reports is 9.7%. 
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Figure 5a. Global distribution of the clear-sky adjustment factor (AFO) in light reports for 

1982-1991 land data. Global average for 843 %-grid boxes with 50 or more reports is 
1.007. Values mapped are lOOx(AF0-1) where AFO=l/(l-fb*fO). 

40 



U T  -90 -60 -30 0 30 60 90 

I I I I I I LON 
OE 

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

0 0 0 0 1 2 1 1 1 0  3 5 3 3 2  0 0  
0 0 0 0 0 0 1 2 6  4 4 19 10 6 27 0 

0 0 0 0 0 0 0 1  4 1 2  3 4 5 3 6 6 0  
0 0 1 1  4 10 a 0 

30E 
0 0 0 1 1 1 1  1 1 3 6 3 2  0 0  

0 0 0 0 0 1 1 1 0 1 1  5 7 6  2 

0 0 0 0 0 0 0 0 0 0 0 2 4 3 e12 0 0  

0 0 0 0 0 0 0 0 1 1 1  0 0  7 9 1 0  1 5  4 2 1 0  

0 0 0 0 0 1 0 0 1 0 1 1 0 0 1 2 4  22 2 2 0  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 3  8 1 0  0 
60E 

0 0 0 0 0 0 0 0 0 0 0 1 1 2 4 6  0 

0 0 0 0 0 0 0 0 0 0 0 1 1 3 5  1 0  

0 0 0 0 0 0 0 0 0 0 0 0 1 1  

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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1  2 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2  
90E 

0 0 0 0 0 0 0 0 0 0 0 0 1 1 2  1 1  

0 0 0 0 0 0 0 0 0 0 0 0 0  0 

0 0 0 1 2 4 2 0 1 0 0 0 0 0 0  1 1  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3  

1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1  

2 1 0 0 0 0 0 1  1 1 6 1 0 0 0 0 0 0 1 0 3 3  
120E 

0 0 0 1  13 2 1 0  0 0 0 0 0 1 1  2 2 
3 0 0 0 0 0 0 1  5 1 0 0 0 0 0 0 0 1 2 5  

0 0 0 2  6 0 0 0 0 0 0 0 0 1 3 4  1 1  
0 0 0 0 0 0 1 3  3 1 0 0 0 0 0 0 0 0 1 2 3 3 1 1  

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

lSOE 
0 0 1 1 2 1 0 0 0 0 0 0 0 0 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 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 1  
0 0  0 1 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 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 
~-----------------I-----------------~-----------------~-----------------~-----------------~-----------------l8OE 

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 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 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  

210E 
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 1 0  

0 0 0 0 0 0 0 0 0 0 0 0 1 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 0 0 0 0 0 1 3 2 1 1  13 

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 1 1  0 0  

240E 
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 2  0 

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1  0 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1  4 7 0  

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

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

270E 
0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 2  0 0  

0 0 0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 0 0 1 3  144110 2 3 1 1  

0 0 0 0 0 0 2 2 0 0 1  1 0 0 0 0 2 5 4 1  5 6 1 1 

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

0 0 0 0  0 0 0 1 1  0 1 0 0 0 0 2  3Q9 

0 1 2  0 0 0 0 0 1 6 1 9  1 1  

300E 
1 2 1 1  0 0 0 0 0 0 0 0 5  5 

0 0 0 0 1 2 1  0 0 0 0 0 0 0 0 1 1 2 1 3 6  
0 0 1 0 1 1 1  0 0 0 0 0 0 0 0 0 1 0  2 4  

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

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

0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 2 4  2 1 1 1 0 0 0 1 1  

330E 

0 0 0 0 0 1 0 0 0 0 0 3 5 7 8 2 0 0 0 0  1 

0 0 2 0 0 0 0 0 0 0 0 1 1  4 3 3 2 1  
0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1  3 2 1 2 1 1 0 ° 0  

I I I I I I 360E 

-90 -60 -30 0 30 60 90N 
-- -- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 1 0 0 1 0  

Figure 5b. Global distribution of the clear-sky adjustment factor (AFO) in light reports for 

1982-1991 ship data. Global average for 1487 5c-grid boxes with 50 or more reports 
is 1.003. Values mapped are lOOx(AF0-1) where AFO=l/(l-fb*fO). 
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Figure 6a. Global distribution of occurrence of N=9 (B,??) in light type reports for 

1982-1991 land data. Average of 843 5c- grid boxes with 25 or more reports is 1.1%. 

42 



-90 -60 -30 0 30 60 POLat 
I I I I I I LQN 

OE 
5 5 1 0 0 0 0 0 0 0 1 1  0 1 3  

2 7 8 8 3 2 1 0 0 0 0 0 0 0 1 1  0 0  5 4 3 2  
2 2 1 0 1 2 2 0 0 1  0 0 1 2  6 9  

2 1 6 9 6 0 0 1 9  0 0 1 4 520 3 
7 2 0 1  0 0 2  ll 

2 2 0 610 0 0 1 0 0 2 2 5 1 3 1 4  
3oE 

7 3 0 0 0 0 0  0 0 0 3 3  5 15 

7 2 1 0 0 0 0 0 0 0 0  0 0 0  3 
2 4 5 1 1 7 4 1 0 0 0 0  0 0  0 0 0 0 0 3 6  3 6  

7 9 1 4 1 2 1 3  4 2 0 0 0 1 0  0 0 0 0 0 0 4 1 3 l l  5 8  

10 5 3 3 1 0  4 1 0  0 0 0 0 0 0 0 0 0 0 0 0 7 
12 5 1 0  0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 2  10 16 

6OE 
9 2 1 0 0 0 0 0 0 1 0 0 0 0 0 3  15 

9 3 2 0 0 0 0 0 0 0 0 0 0 0 1  11 16 
6 6 3 8 1 1 3 1 1 0 0 0 0 0 1 0 0 0 0 0 3  6 

5 6 8 8 8 2 1 0 0 0 0 0 0 0 0 0 1  4 

7 5 6 6 7 3 1 0 0 0 0 0 0 0 0 0 0 1 0  
1 3 1 1 1 0 0 0 0 0 0 0 0 0 1  

901: 
5 1 2 0 0 0 0 0 0 0 0 0 0 0 0  10 14 

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

4 1 1 0 0 0 0 0 0 0 0 0 0 0 1  5 10 

8 7 4 9 7 4 1 0 0 0 0 0 0 0 0 0 0 0  

3 8 2 7 4 4 1 0 0 0 0 0 0 0 0 0 0 1 3  

9 1 1 5 6 5 1 0 0  0 0 0 0 0 0 0 0 0 1 1 2 2  
12 OE 

4 2 0 0  0 0 0 0 0 0 0 0 1 2 4 3 3  
2512 6 0 2 1 0  1 0 0 0 0 0 0 0 0 1 2 2 8  

5 0 0 0  0 0 0 0 0 0 0 0 1 1 4 7  8 8  
192212 4 1 1  0 0 1 0 0 0 0 0 0 0 0 1 1 4 8 92614 

2 0 0  0 0 0 0 1 1 0 0 0 1 1 3 911 5 
1 7 9 3 4 1 1 0  0 0 0 0 0 1 0  0 0 0 1 2  417151711 

150E 
2 1 0  0 0 0 0 0 0 0 0 0 0 0 0 1 2  41620 16 4 

1616 9 4 3 1 0  0 0 0 0 0 0 0 1 1  0 0 0 1 2  515191011 9 
2 1 0  0 0 0 0 1 0  1 1  1 1  0 0 1 2  51622 

221610 4 4 1 0  0 0 0 0 0 1 0  0 1 0  0 0 1 2  6162312 6 4 7 
4 7  3 1 1 0 1 0 0 0 1 1  2 1 1 0 0 0 3 61422 a0 3 

1712 9 4 4 1 0  0 1 1  0 0 0 1 3  1 1  1 0  0 2 6142014 71115 2 
~-----------------~-----------------~-----------------~-----------------~-----------------~-----------------l~OE 

2 2 0 1 0  0 0 0 0 0 1 2  0 0 0 1 2  61318 3 
1212 7 0 1 2  0 1 1  0 0 0 0 1 1  1 0  0 0 0 2 5131713101515 

4 8  2 3 1 0 0 0 0 0 0 0 0 1 1 0 0 1 2 61217 9 3  
141813 5 3 2 1 1  0 0 0 0 0 0 0 1 1  0 0 1 2  6121611 9 1 0 1 0  

5 3 3 1 1  I O  0 0 0 0 1 1  0 0 0 1 5 1 2 1 6  
182916 2 3 4 3 0 1 0  0 1 0  0 0 0 0 0 0 0 1 5 1 1 1 5 1 3  6 2 

210E 
6 13 3 3 4 1 0 0 0 0 0 0 0 0 0 0 0 0 1 41014 8 0  

173520 6 9 4 2 1 0  0 0 0 0 0 0 2 0 0 0 0 1 3  81212 5 5 9 

1 9 6 1 1 3 4 5 3 2 0 0 0 0 0 0 0 2 0 0 0 0 1 2 4 7 7 5  2 

1 3 3 1 0 2 3 6 2 2 0 0 0 0 0 0 0 1 1 0 0 0 2 5 6 4 5  12 

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

9 7 7 5 0 0 0 0 0 0 0 0 1 1 0 0 0 1 3 5 5  2 0  

24OE 
3 4 2 1 0 0 0 0 0 0 0 0 0 0 0 1 1  

1411 2 4 610 4 1 0  0 0 0 0 0 0 1 1  0 0 1 1  3 

1313 3 3 6 4 6 1 0  0 0 0 0 0 0 1 0  0 4 

1 8 4 1 3 1 4 1 1 1 1 0 0 0 0 0 0 0 0 0 1  43 10 22 5 

17 5 8 7 0 0 1 0 0 0 0 0 1 0 0 0 1  6 6  

3 6 2 0 0 1 0 0 0 0 0 1 0 0 1 1  3 

270E 
14 4 3 1 1  1 0  0 0 0 0 0 0 0 0 0 0 2 3752 6 9  

23 1 0  5 4 3 1 1  0 0 0 0 1 0  1 1  0 0 0 0 1 3038 7 912 7 
3 3 1 0 0 0 0 1 1 0 0 0 0 0 0 1 3 1 7 3 6  

11 7 4 7 1 1  2 1 0  0 0 0 0 0 0 1 2  81312241010 

3 7 3 1 5 1 1  1 0  0 0 0 0 1 1 8 2 3 2 6  9 1 1 1 1  
0 1 0  0 0 0 0 0 1 2 3 2 3  12 14 

300E 
5 6 2 2  0 0 0 0 0 0 1 1 3 2 4  2 

111510 4 3 2 2 2 1 0  0 0 0 0 0 1 9 2 1 1 7 1 3  9 9 
2 4 2 1 1 1 1  0 0 0 0 0 0 0 0 1 921 11 9 

17201818 5 4 1 1  0 0 0 0 1 0  0 0 0 0 1 2 1 1 1 2 1 0  5 
9 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 5  

412 9 1 4 1 0  5 4 2 0 0 0 0 0 0 0 1 0  0 0 0 0 1 2  4 9 1 3 1 0  8 

1 0  1 2 5 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 3  6 13 
5 4 4 9 1 2 4 2 1 0 0 0 0 0 0 1 2 2 1 0 0 0 1 1 3 5 3 6 1 4  

4 7 7 1 0  7 6 3 0 1 0 0 0 0 0 0 1 1  1 0 1 2  2 4 2 8 1 9  

330E 

9 4 1 0 1 0 0 0 0 0 1 1 1 1 2 0 0 0 2 2  14 

414 2 1 0 0 0 0 0 0 1 1  1 1 1 2 2  12 11 
1 6 3  6 6 7 2 0 0 0 0 %  0 0 1  1 1 1  3 2 3 710 

I I I I I I 3 60E 
-90 - 60 -30 0 30 60 SON 

Figure 6b. Global distribution of Occurrence of N=9 (El,%) in light type reports for 

1982- 1991 ship data. Average of 1501 5c-grid boxes with 25 or more reports is 3.3%. 
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Appendix A. Percent Frequency of Occurrence of Extended Code Values for Cloud Variables 

in Edited Cloud Reports (Light). Also: percent that reported code occurs with precipitation and 

percent of total precipitation that occurs with each code value. (rpts=reports) 

TOTAL CLOUD AMOUNT 

N CODE -1 0 1 2  3 4 5 6 7 8 9 
LAND 

% of r p t s  0 . 0  15.3 6.9 7.6 5.9 4.3 6.0 10.1 18.3 24.1 1.5 
% with ppt  0 . 0  0 . 0  0.7 0.2 0.3 0.5 1.0 2.4 8.0 34.3 28.8 
% of ppt  0.0  0 . 0  0 . 1  0.1 0.2 0.2 .0.6 2.4 14.0 78.4 4.1 

S H I P  

% of r p t s  0 . 0  5.8 5.0 7.6 9.0 8.0 7.4 11.8 14.0 28.0 3.5 
% with ppt  0 . 0  0 . 0  0.3 0.2 0.5 1.1 2.0 3.7 7.0 22.6 26.7 
% of pp t  0 . 0  0 . 0  0.2 0.2 0.5 1.0 1.7 4.9 10.9 70.3 10.4 

LOWER CLOUD AMOUNT 

Nh CODE -1 0 1 2  3 4 5 6 7 8 9 
LAND 

% of r p t s  2.6 25.6 11.2 10.9 7.9 5.7 5.8 6.7 8.9 14.6 0.0 
% with pp t  11.7 0 . 5  1.1 2.9 5.3 8.7 12.3 16.0 16.1 37.8 0.0 
% of pp t  2.9 1.2 1 . 2  3.0 4.0 4.7 6.8 10.3 13.7 52.3 0.0 

S H I P  

% of  r p t s  15.3 8.5 6.4 9.8 9.4 7.9 6.4 7.8 7.8 20.7 0.0 
% with ppt  9.0 0 . 1  0.6 1.1 2.1 3.9 6.0 8.8 10.0 24.6 0.0 
% of pp t  15.3 0 . 1  0 . 4  1.2 2.2 3.5 4.3 7.6 8.6 56.8 0.0 

LOWER CLOUD HEIGHT 

h CODE -1 0 1 2  3 4 5 6 7 8 9 
LAND 

% of r p t s  19.8 1.7 0 . 5  1.9 3.1 13.3 23.0 10.6 3.4 1.6 21.1 
% with pp t  3.4 28.6 38.0 42.3 39.3 23.1 9.6 5.8 5.8 8.2 4.3 
% of pp t  6.4 4.7 2.0 7.8 11.5 29.2 20.9 5.8 1.9 1.2 8.7 

S H I P  

% of r p t s  22.5 4.1 1.1 4.0 12.2 24.3 18.6 5.8 2.2 2.0 3.1 
% with ppt  6.7 25.6 29.6 27.6 16.8 7.7 4.0 2.8 2.3 1.8 1.1 
% of ppt  16.9 11.6 3.8 12.5 22.9 21.0 8.3 1.8 0.6 0.4 0.4 

LOW CLOUD TYPE C u  C u  C b  Sc Sc S t  St 
CL CODE -1 0 1 2  3 4 5 6 7 

Sc C b  C b  Fg 
8 9 10 11 

LAND 

% of r p t s  2.6 38.3 6.3 10.2 2.4 2.2 15.5 4.0 3.8 5.9 6.6 0.1 1.1 
% with pp t  11.7 4.7 0.8 4.0 18.3 5.2 11.7 14.4 67.2 8.7 28.6 100 0.0 
% of  pp t  2.9 17.1 0.5 3.9 4.2 1.1 17.2 5.5 24.3 4.9 17.8 0.5 0.0 

S H I P  

% of r p t s  15.3 13.3 11.4 13.5 5.4 6.0 10.8 5.9 6.6 6.5 2.6 0.1 2.6 
% with pp t  9.0 6.8 0.7 2.4 9.2 3.3 7.7 22.3 34.5 7.2 21.9 100 0.0 
% of pp t  15.3 1 0 . 1  0.9 3.7 5.6 2.2 9.3 14.6 25.3 5.2 6.4 1.4 0.0 

MIDDLE CLOUD TYPE A s  A s  A c  A c  AC A c  AC A c  AC N s  NS N s  

CM CODE -1 0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
LAND 

% of r p t s  17.6 45.9 1.4 2.6 10.8 4.4 1.6 1.5 7.1 1.0 0.1 2.6 0.7 2 . 8  
% with ppt  15 .0  1 . 0  17.7 7.4 2.6 2.0 3.8 7.3 4.6 2.2 9.2 100 100 100 
% of ppt  25.0 4.6 2.4 1.8 2.6 0.8 0.6 1.0 3.1 0.2 0.1 24.5 6.9 26.4 

S H I P  

9, of r p t s  36.1 26.8 3.5 4.6 5.1 3.8 2.9 4.9 4.8 2.0 1.4 2.8 0.2 1.2 
% with ppt  9.4 0.9 3.9 3.5 2.2 2.4 2.9 6.4 3.0 3.1 7.6 100 100 100 
% of ppt  37.5 2.7 1.5 1.8 1.2 1.0 1.0 3.5 1.6 0.7 1.2 31.2 2.4 12.8 

HIGH CLOUD TYPE Cic C i d  C i d  C i c  C s  C s  C s  C s  C i c  

CH CODE -1 0 1 2  3 4 5 6 7 8 9 
LAND 

% of r p t s  33.2 36.3 11.5 10.5 0.9 0.8 0.8 1.8 1.9 1.9 0.4 
% with pp t  28.4 1 . 0  1.3 1.7 6.2 0.8 1.5 2.4 11.3 2.4 1.9 
% of ppt  89.6 3.6 1 . 4  1.7 0.5 0.1 0.1 0.4 2.1 0.4 0.1 

S H I P  

% of r p t s  50.9 28.8 5.7 3.2 1.2 2.1 1.5 1.5 1.1 2.4 1.5 
% with ppt  15.9 1.4 2.4 2.5 4.4 1.7 1.4 2.4 3.8 2.5 2.5 
% of pp t  9 0 . 1  4.4 1.5 0.9 0.6 0.4 0.2 0.4 0.5 0.7 0.4 
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Appendix B. Glossary of Terms and Abbreviations Used' 

Term 

5c grid 

actual amount 

all reports 

awp 

dark reports 

ECR 

ECRA 

extended code 

f 

light reports 

NOL 

ROL 

total reports 

type reports 

Meaning and description 

5xS0 (latitude x longitude) boxes between latitudes 50N 
and SOS, 5x10 for latitudes 50-70, 5x20 for latitudes 
70-80, 5x40 for latitudes 80-85, and 5x360 for 85-90. 

Fraction of the sky covered by a cloud, visible or not. 

All reports regardless of whether they are light or dark. 

Amount-when-present. The average fraction of the sky 
covered by a cloud type when it is present, whether 
it is visible or not. 

Reports for which illuminance criterion is not met (IB=O). 

Edited Cloud Report. Synoptic cloud reports screened 
and edited for cloud code consistencies and written 
as the 56-character report described in Table 9. 

Archive made up of edited cloud reports. 

The synoptic code extended beyond the usually allowed 
values of 0-9 to allow CL=10 to represent Cb, CL=ll to 
represent fog and CM=10,11,12 to represent Ns cloud. 

Frequency of occurrence. For a cloud type it is the 
fraction of weather observations in which the cloud 
type is present, whether it can be seen or not. 

Reports for which illuminance criterion is met (IB=l). 

Non-overlapped; refers to method for determining upper 
level cloud amounts. 

Random overlap; refers to method for determining upper 
level cloud amounts. 

Reports suitable for total cloud analyses (and clear sky, 
fog, and precipitation) : either all reports (the entire 
ECR data set) or light reports only. 

Reports in which cloud type information is given ( a 2 0  
and CQO. These may be light, dark, or all reports. 

* 
T e r m s  not shown here m a y  be defined in T a b l e  1, 2, 4 o r  9. 
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