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i,0 INTRODUCTION

1.1 STUDY OBJECTIVE

Platforms such as the earth resources technology satellites (ERTS's)
are scheduled to carry remote sensors to map parameters that will permit
evaluation of mineralogical, hydrological, oceanographic, and agricultural
resources. The sensors will operate primarily in the visible and infrared
portions of the electromagnetic spectrum, hence the extent and ;v'alidity of
the measurements can be seriously degraded by clouds between the sensors
and the earth's surface.

Reference 1 has recently described the use of cloud statistics in ERTS
mission planning. It is noted therein that, for the design of the ERTS system
to be evaluated and optimized, it is necessary that the frequency of cloud-
free areas of appropriate size be known. Further, the broad objective of
cloud statistics studies related to the ERTS program is stated tc be:

"For a specified location and time of day, and defining the cloud-free
portion of the sky as consisting only of 'elemental areas,' each of
which is completely devoid of clouds » what is the probability that a

The subject study objective was to develop estimates of the probability
of seeing and cloud-free element statistics that will contribute to the attain-
ment of the aforementioned objective.

1.2 TASK DESCRIFPTIONS

The study was divided into four tasks:

1. Probability-of-seeing analyses

oo

Cloud photograph analyses
3. Cloud statistics adjustment for sensor resolution
4. Cloud r’egion adjustment

T g The probability-of-seeing task involved computing the pr obability~of -
seeing values for the ERTS field of view (FOV) of 100 by 100 nautical miles.

3 | i -
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 The 'anaIYSe's were baccomplished by adjusting perfect-resolution cloud:

statistics derived in a previous NASA-MSFC study for so-called standard-
size FOV areas of 30 by 30 nautical miles (Reference 2) and developing
and/or using three different modes of viewing., The three modes of viewing
were single look, one or two looks, and continuous viewing. These modes
are described in subsequent sections of this report and in more detail in
Reference 3. Probabilities were derived for world-wide cloud regions for
mid-season months for 1000 local standard time (LST) and 2200 LST.

The cloud photograph task involved deriving the variation of total
cloud-free area as the resolution, in terms of square elemental or unit
areas within the FOV, varies. Data were derived from U-2, Apollo, and
ESSA photographs in order to provide a large range of elemental square
areas. The minimum resolution square unit for which statistics were
derived was about 30 meters on a side.

The statistics task required summarizing data derived in the cloud
photograph analyses into representative curves of resoluticn versus total
cloud free area. The representative curves are developed for selected
cloud-amount categories of the perfect-resolution data. Thus, they provide
a means of using the basic cloud statistics (perfect resolution) to compute
the probability of seeing for varying sensor resolutions.

An additional potential adjustment to the basic cloud-cover statistics
is one of improved cloud region definition. This study used conventional
cloud statistics as collected by ground observers at United States locations

~and at the time of maximum interest to ERTS (1000 LLST). The task scope

involves whether the single-station cloud statistics are representative for

relatively small fields of view scattered throughout the very large homog-
eneous cloud-cover regions of Reference 2.

1.3 APPLICABLE CLOUD DATA%R:ESOURCES

The basic cloud-data resources consist of conventional, ground-based
cloud observations commonly taken at one-hour intervals and of photographic
observations taken from above by aircrafi and satellites.

The aircraft and satellite pictorial data are somewhat limited in length
of observations, geographical extent, and time of observations. The U-2
aircraft and Apollo data provide the high resolutions required for determining
cloud cover versus small cloud-free resolution units and have been used for
this purpose in the cloud photograph analyses. Photographs from the ESSA
satellite have also been analyzed to provide data for larger fields of view,
higher latitudes, and larger resolution square elements,

. SD 71-311
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The ground-based observations are best from length of record, avail-
ability of summarized data, and frequency of observation viewpoints. These
observations, however, are very limited over ocean areas and sparsely
populated land areas. For the United States, these data represent the best
resource for potential homogeneous region subdivision and have been used
in that aspect of this study.

A recent publication by Salomonson (Reference 1) presents a thorough
discussion and evaluation of basic cloud data available for earth resources
technology satellite mission planning. Reference should be made to this
publication for a more complete discussion of basic cloud data resources.

1-3
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2.0 PROBABILITY OF SEEING ANALYSES

In this section, results are presented of analyses to determine the
pr -bability of seeing for the ERTS field of view of 100 x 100 nautical miles
(~185 x 185 kilometers). These pr~bability values are based upon cloud
statistics (frequency distributions) prepared in a previous NASA-MSFC
study (Reference 2). These basic statistics are assumed to represent the
true cloud cover for an area 30 by 30 nautical miles and are referred to
herein as perfect-resolution, standard-area, cloud statistics.

An adjustment of the basic cloud statistics for the standard area to the
larger ERTS field of view was required prior to the probability computations.
After this enlarged area adjustment to the basic cloud statistics, the
probability-of-seeing values were determined for single-look, one- or two-
look, and continuous viewing modes. Results were computed for worldwide
locations (all 29 homogeneous cloud regions) and for 1000 LLST and 2200 LST.

A discussion and results from each of the elements of the probability
of seeing analyses follow. ' ,

2.1 BASIC CLOUD STATISTICS RESOURCE

The basic cloud-statistics resource depends almost entirely upon two
types of observations. The first consists of conventional cloud observations
in which the horizon-to-horizon cloud amount is estimated by a ground-based
observer and expressed as the amount of total sky obscured by clouds. The
second consists of cloud data collected by satellites. The recent amalgama-

tion and summarization of such data for 29 regions, selected as exhibiting

climatically homogeneous cloud cover, has been published (Reference 2). It
was undertaken by Allied Research Associates » Inc ., for the NASA Marshall
Space Flight Center. In spite of limitations as to accuracy, compatibility,
and completeness of the basic data and the validity of the selection of the

29 climatically ho1nbgfeneous regions, the worldwide statistics of this report
represent a significant improvement in basic cloud statistics.

The basic cloud observations have been assembled into unconditional
and cbriditional-;frequency distributions in Reference 2. The unconditional
cloud-cover statistics are frequency distributions of fractions of the sky
covered by clouds, expressed in percent frequency, for each month and for
three-hour intervals throughout the day, for a standard-size area of about
30 to 60 nautical miles in diameter. The diameter of 30 nautical miles is

’Vr,epresentative of ground observations. ~The diameter of 60 nautical miles is

2-1
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more appropriate for satellite data from over the oceans. Conditional
distributions for both space and time domains for seasons are presented
for separations of 200 nautical miles and 24 hours for a standard-size area
of 60 nautical miles in diameter.

The fraction of the sky covered by clouds in the basic observations
was grouped into five cloud categories in Reference 2. These categories

were:
Cloud Category Cloud Cover Amount (Tenths)
1 0
2 1,2, 3
i 3 4, 5
4 6, 7, 8, 9
® 0
Figure 2-1is an example of the basic cloud statistics as provided in -
: punched card format for Climatclogical Region 1 and for the month of ’X
g January. ' N
Region 1, Month 1 B
UNCONDITIONAL PROBABILITIES (UNCON)
Time (LST) o
| ob et 10 13 1 19 g B
R i Cat M:
: ; 1 . 62 . 63 . 49 .44 .42 .39 .46 .59
2 .14 N e .16 .18 .19 .18 .15
‘ 3 .06 .07 .10 .09 . 07 .10 .10 .08
pebe i 4 . 11 .10 .14 20 .22 . 20 .17 .10
5 . 07 .08 10 - 11 .11 .12 . 09 .08
= CONDITIONAL PROBABILITIES
24-HR TEMPORAL (TCOND) ‘ 200 NM SPATIAL (SCOND)
_ L 2 3 4 s L 2 3 4 s
G 1 .85 .08 .05 .02 .o G 1 .81 .07 .03 .09 .0
I 2 .78 .12 .05 .05 .0 I 2 .70 .10 .0 .20 .0
v .3 .75 .10 .10 .05 .0 Vo3 .57 .29 .0 .14 .0
E 4 .80 .05 .05 .05 .05 E 4 .50 .0 .07 .29 .14
i N 5 .80 .08 .05 .05 02 N 5 0 .0 .0 .01 .99
Figure 2-1." Basic Cloud Cover Statistics for
. Climatological Region 1 for January
= 2-2
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Selection of the 29 climatically homogeneous cloud regions of
Reference 2 was based upon standard climatological summaries and upon
satellite summaries. The regions selected exhibit straight-line boundaries
for computer simulation. The final cloud statistics for each region were
derived from a ''representative'’ station. Figure 2-2 is a map of the location
of the 29 regions selected as representative of world-wide cloud cover. The
variation in cloud cover within U.S. regions and potential subregionalization
for ERTS studies are discussed in a subsequent section of this report.

The unconditional probabilities (UNCON), the spatial conditional pro-
babilities (SCOND), and the homogeneous cloud regions of Figure 2-2
represent the basic cloud statistics resource used to develop ERTS
probability-of-seeing analyses in the following sections. It should be noted
that the UNCON basic statistics are for a standard-size area of approxi-
mately 30 nautical miles on a side and that an area enlargement to 100 nau-
tical miles on a side was required before use in ERTS seeing-probability
analyses.

2.2 PROBABILITY OF SEEING MODES

The three repeated-pass seeing modes for which ERTS probability-
of-seeing values were derived consisted of the single-look, one- or two-
look, and continuous -viewing modes. Two additional sets of statistics
consisting of mean cloud cover values and cumulative frequency distributions.
were also derived. For all of these derivatives it was necessary first to
convert the basic statistics frequency distributions for 30 nautical miles to
those for 100 nautical miles.

2.2.1 Single-Look Viewing Definition

The single-look viewing mode is defined hexein as seeing all (100 per-
cent) of a target area in a single look during repeated passes. This definition
allows the relationship between the number of passes to see all of a target
area in a single look and a selected probability level to be determined.

Seeing all of an area is related to the relative frequency of Category 1 cloud
cover, but a similar relationship could be developed for seeing amounts
other than 100 percent. Derivation of the single-look relationship and
discussion of results for ERTS FOV are presented in Section 2.4.

2.2.2 One or Two-Look Viewing Definition

, The one- or two-look viewing mode allows a selected percentage of an
area to be ''seen'' in either a single look or in combining the amounts seen

in each of two looks. A smaller number of passes would be required than
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for sceing in a single look, and the continuous operation of the cameras (or
i other instruments) is also not programmed as in the continuous viewing
mode. This latter case results in the acquisition of little or no data on
many passes in high-cloudiness areas and the requirement of large film
availability and data analysis. The one- or two-look case as envisioned in
& real life, however, would require advance information as to real-time cloud
cover and on-off sensor operation capability,

Presented in Section 2.5 are derivation of the probability relationship
and results for the ERTS field of view at a selected time of day.

ORI A1 . o ‘e
SR 2.2.3 Continuous Viewing Definition

Dl E, Continuous viewing is defined as operation of cameras or other sensors
oM on every pass over a selected area and the piecing together of cloud-free

segments acquired during each pass. As in other surveillance modes, the
question is the number of -passes required to provide a selected probability
- of '"'seeing'’ at least a selected percentage of an area.

8 A disadvantage of this mode is the operation of sensors when the

-2 target area is totally or nearly totally obscured by clouds so that no or
- little information is acquired. On the other hand, near-real-time cloud
¥ data and an on-off sensor operation capability are not required.

- Presented in Section 2, 6 are a more complete discussion of a con-
7 tinuous viewing simulation scheme and results for typical ERTS operations
BEESEN R as regards field of view and time of day,

2.3 ADJUSTMENT OF STATISTICS FOR ERTS FOV

~ Cloud statistics depend upon area size. For example, at a global
area size, the amount of cloud cover is almost constant at near four-tenths,
ok

At the other extreme, a small point, the cloud cover may have only two
values, i.e., 0/10 or 10/10. For areas between these extremes:

" - 1. The smaller the area viewed, the more U-shaped the cloud .
Ciogm frequency distribution, ‘

2, The larger the area viewed, the more bell-shaped the cloud
frequency distribution.

Since, the ERTS field of view is larger than the basic cloud statistics
field of view, the ERTS cloud frequency distributions should exhibit fewer
frequencies of clear (Category 1 or 0/10) and overcast (Category 5 or 10/10)

 and greater frequencies, in total, of the scattered and broken cloud cover.
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2.3.1 Assumed Spatial Relationships

Before the perfect-resolution probabilities of seeing were computed
for ERTS missions, it was necessary to adjust the basic cloud statistics
for the ERTS field of view. For this purpose the basic statistics field of
view is assumed to be a square of 30 nautical miles, whereas the ERTS field
of view is assumed to be a square of 100 nautical miles (~185 kilometers).

The objective is to produce scaled unconditional statistics (SUNCON)
for the enlarged area of 100 nautical miles on a side. The technique selected
is that recommended in Section 7 of Reference 2. The procedure, detailed
in Reference 2, involves the following steps:

1. Scale the spatial conditional statistics for 200 nautical miles
(SCOND) for the scale distance of 100 to get CONNEW matrix,

2. Construct PTOINT matrix for the joint distribution of data of the
basic size and the enlarged size. This is done by multiplying the

unconditional distribution UNCON into the scaled conditional
matrix CONNEW.

3. Sum the PJTOINT matrix for all elements of PTOINT having the
Same entry in the matching location of the KWHERE matrix.
This results in the desired SUNCON distribution.

The procedures followed in deriving the adjusted cloud statistics in
this study were identical to those of Reference 2 with one exception., This
exception was an adjustment to the KWHERE matrix, as follows:

KWHERE Revised KWHERE Values
(Reference 2) (This Study)
Cloud Category 1 23 45 12345
Same except 4
1 1 2 2 3 3 for two indicated
2 222 3 3 ~ values
3 2 2 3 4 4 '
4 3 3 4 4 4
5 3 3 4 4 5 4

2-6
SD 71311

SRVELEE" WP

¥
leoiianto

RPN

st




o s

PRE T St |

(SN T Y

P TR

’ Space Division
North American Rockwell

Category 5 (representative value 10/10) with Category 2 (representative
value of 2/10) for an average value of (10/10 +2/10)/2 = 6/10, which falls

within Category 4 (6/10, 7/10, 8/10,‘ 9/10) rather than Category 3
(4/10, 5/10).

2.3.2 Computer-Derived Results, Frequéncies and Mean Values

The basic statistics were adjusted to those for the ERTS field of view
via a computer program developed to generate a magnetic tape of the basic
cloud statistics from punched card data suppliied by investigators from the
NASA Marshall Space Flight Center, sponsor of the development of the basic
cloud statistics, The computer program performed the operations listed in
the previous section and produced the desired unconditional statistics
scaled to the ERTS field of view for all the 29 worldwide regions for each
month and for the eight selected times of day. In addition, this program
computes cumulative frequency distributions, mean cloud-cover values,
and the probability-of-seeing values for single-look, one- or two-look, and

continuous viewing, The computer program is described in detail in
Appendix A,.

2.3.2.1 Frequencies for ERTS Field of View

The SUNCON frequency distributions for the enlarged field of view of
100 nautical miles were derived for each month, each cloud region, and
for each of the eight times of day. Results may be illustrated by a com-
parison of the unconditional frequency distributions for the basic data
(standard area) and for the ERTS field of view for the major cloud regions
of the United States for 1000 LST for the months of January and July
(Table 2-1),

From Table 2-1 it may be noted that the frequency distributions for
the enlarged viewing areas of 100 nautical miles demonstrate decreasing
probability of clear and overcast skies (Category 1 and 5, respectively) and
increasing probability of scattered and broken cloudiness (Categories 2, 3,
and 4, respectively), A ‘survey of the computerized printout indicated that
this anticipated result also occurred for all regions and times of day. This

result verifies the nature of the procedure to produce adjusted cloud statis ~

tics for enlarged areas.

2-7
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Table 2-1. Comparison of Unconditional Frequency Distributions
Lo for Standard and Enlarged Areas
Cloud Category and Size
t Region 11/30, 1/100 2/30,2/100 3/30, 3/100 4/30, 4/100 5/30, 5/100 .
L Jan (1000 LST)
S 2 18.0, 14.7 21,0, 17.9 10.0, 14.0 35,0, 41.5 16, 0, 12.0 !
8 7.0, 4.9 11,0,10.8 5,0, 5.4 21,0,31.2 56, 0, 47. 6 3
11 14.0, 9.9 12.0, 12.6 4.0, 5.8 19.0,28.4 51,0, 43, 3
18 22,0, 16,9 9.0, 12,0 3.0, 7.7 19.0, 32.8 47, 0, 30.5
A 19 16.0, 13.2 8.0, 9.8 4.0, 9.2 16.0,26.9 56,0, 52. 8 ]
] July (1000 LST)
i 2 64.0, 58,6  25.0,28.3 7.0, 7.9 4.0, 52 o 0, 0.0
SR 8 51.0, 40.8 23,0, 29.5 7.0, 11.0 15.0, 15.4 4.0, 3.2 ”
5 11 13.0, ic.4 18.0, 19. 8 12.0, 14.0 32.0, 35.7 25, 0, 20.0 ?
- RS 18 56.0, 52.4 16.0, 19,5 6.0, 11.8 11.0, 10.3 11.0, 6.0 E
R 19 12.0, 8,9 22.0,26.5 17, 0, 15.0 32,0, 36,9 17.0, 12. 7 N
| I In several of the probability-of-seeing modes to be discussed in /
R subsequent sections, it is desirable to have the cloud frequency data in o
terms of cumulative frequency distributions. For example, the unconditional :
distribution for January, 1000 LST for Region 2 in Table 2-1 may be con- '
o verted to the following cumulative frequency distribution:
R Cloud Cat, Uncon Cum Uncon
I :
B 1 14.7 14. 7
2 17.9 32.6
P i 3 14,0 46, 6 N
o 4 41,4 88.0 - il
| ' 5 12,0 100. 00 ’ SR
o The computer program described in Appendix A also accumulates the
R cloud statistics in the aforementioned manner. Figure 2-3 presents a
5 { sample computer output of cloud cover frequency distributions adjusted for ,
SR the enlarged viewing area of ERTS, Figure 2-4 similarly presents results
o for cumuvlative frequency distributions. '
i 2-8
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Figure 2-3. Example of Computer Program Output, Frequency Distributions
for ERTS FOV

Reg. Cat. Unconditional Probabilities (Uncon) Cond. 100 n. mi Spatial (Connew)
: , 1 2 4 5
1 1 1 56.1 57.0 44.3 39.8 38.0 135.3 41.6 53.4 90.5 3.5 1.5 4,5 .0
1 1 2 18.3 17.0 22.0 20.5 21.3 23.3 22.8 19.9 35.0 55.0 0.0 10.0 0.0
1 1 3 9.9 10.0 12.4 13.1 12.7 13.7 13.1 10.7 28.5 14.5 30.0 7.0 N0.0
1 1 4 8.7 8.0 11.2 15.7 17.0 15.8 13.5 8.1 25.0 0.0 3.5 64.5 7.0
1 1 5 7.0 8.0 9.9 10.9 10.9 11.9 9.0 8.0 0.0 0.0 0.0 0.5 39.5
1 2 1 30.2 31.0 17.9 14,7 13.9 13.9 18.7 25.3 81.5 5.5 1.0 10.5 1.3
1 2 2 17.7 15.3 17.5 17.9 18.1 16.7 19.2 18.2 25.0 50.0 0.0 0.0 25.0
1 2 3 14.4 13.8 14.6 14.0 15.0 15.7 14.9 15.2 10.0 0.0 60.0 10.0 20.0
1 2 4 28.8 28.7 39.4 41.4 39,6 40.3 34.4 31.6 11. 0 0.0 11.0 61.0 17.0
1 2 5 9.0 11.2 10.5 12.0 13.5 13.5 12.7 9.7 12.5 0.0 6.0 6.5 75.0
1 3 1 11.0 11.7 3.2 2.6 0.6 0.6 2.6 5.8 65.06 10.0.10.0 10.0 5.0
1 3 2 21.4 22.3 16.7 15.0 8.4 9.9 14,3 18.8 0.0 62.5 12.5 25.0 0.0
1 3 3 17.3 18.4 15,5 17.0 14.6 15.8 14.6 16.3 0.0 0.0 73.0 23.0 1.0
1 3 4 34.3 30.8 42.2 42.8 51.7 49.7 43.9 42.0 0.0 0.0 2.5 8b6.5 11.0
1 25 15.9 16.7 22.3 23.1 24.6 23.8 24.6 17.5 0.0 0.0 0.0 20.5 79.5
1 4 1 33.2 33.2 20.5 16.6 12.6 11.1 19,0 30.0 79.0 10.0 3.5 7.5 0.0
1 4 2 20.5 19.5 23.9 25.7 27.5 29.1 27.8 24.8§ 20.0 63.5 13.5 3.0 0.0
1 4 3 10,2 10,1 11.8 12.9 14.7 14.5 12.8 12.3 14,0 11.0 61.0 11.0 3.0
1 4 4 21.1 20.9 26.2 27.3 32.0 31.5 27.9 20.4 5.0 11.0 15.0 66,0 3.0
1 4 5 15,0 16.2 17.5 17.5 13.1 13.7 12.5 12.5 5.0 1.0 6.5 25.0 62.5

IBMO0H ULDLIBUIY YHOpN]

uoisiAlg aoedg




N L et

e AL T e s

ki
i
LS
g
ks
W T\A
®
i

Cumulative Distributions

Month 1, Region 1

o\

Space Division
North Arnierican Pl aell

Cumulative Unconditional Distributions

1 56. 11 57. 01 44, 34 39. 82 38.01
2 74.39 73. 97 66. 39 60. 29 59. 32
3 84. 33 84, 01 78. 80 73.37 72. 01
4 93.03 92. 04 90. 05 89. 05 89. 05
5 100.00 100.00 100.00 100.00 100.00
Cumulative Conditional - Temporal
1 85. 00 93. 00 98.00 100.00 100.00
2 78. 00 90. 00 95.00 100.00 100.00
3 75. 00 85, 00 95.00 100.00 100.00
4 80. 00 85. 00 90. 00 95.00 100.00
5 80. 00 88. 00 93. 00 98. 00 100.00
Cumulative Conditional - Spatial
1 90. 50 94. 00 95.50 100.00 100.00
2 35.00 90. 00 90.00 100.00 100.00
3 28.50 43,00 93.00 100.00 100.00
4 25. 00 25. 00 28. 50 93.00 100.00
5 0.0 0.0 0.0 0.50 100,00

35.
58.
72.
88.
100,

29
64
30
06
00

41.63 53.39
64,473 73,28
77.55 83. 24
91. 04 92. 04

100,00 100,00

Figure 2-4. Example of Computer Program Output, Cumula
‘ for ERTS FOV
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by usmg the SUNCON frequency distributions discussed in the previous
- section. Figure 2- 5 illustrates the computer printout for the example of

, begmnmg with 0100 LST. Slm11ar data were computed for all months and

’ Space Division
North American Rockwe:ll

2,3.2.2 Mean Cloud Cover Values for ERTS FOV

The mean cloud cover value is a stalistic of value in some satellite
mission analyses and it has been derived from the unconditional cloud
statistics (SUNCON) for the ERTS FOV,

Computation of the arithmetic mean cloud-cover value from the basic
unconditional frequency distributions requires substitution of a representa-
tive value of cloud cover for each of the cloud categories of the basic data.
Presented here are the cloud categories, cloud cover intervals, and the
representative value selected for each category for ERTS mean cloud cover

computations:

Cloud Cover Amount Representative ,
Cloud Category (Tenths) Value .
1 0 0
2 1, 2, 3 0.2
3 4, 5 0. 45
4 6. 7, 8, 9 0.75
5 10 1.0

Derivation of the mean cloud cover may be illustrated for 0100 LST
for Region 1, January. The basic cloud siatistics for this time, location, SR
and month are:

Cloud Category , Percentage Frequency

5
1

Ol i W IV =~
\100\0000\
O~ 0 W =~

Us1ng the representative values of the previous section for each cloud
category, we may compute the mean cloud cover as:

MCC = 0.561 (0) + 0,183 (0.2) + 0. 099 (0. 45) + 0,087 (0. 75)
+0.070 (1) = 21. 6%

- Mean-cloud-cover values were’ computed for the ERTS field of view

January, Region 1, for each of the eight times of day at three-hour intervals

2-11
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Month 1

Moan Cloud Cover for Re gion 1 (8 times of day)
.62 . 89 28. 38 32.69 33.70 34,57 29. 54 22. 8

Day Avcrages (29 Regions)

32.34 52,69 67. 90 48. 80 +9. 18 46.43 46,43 73, 35 58.57 40,18

67.81 55,51 78. 62 80. 43 42.65 39,24 41, 39 58, 89 66. 86 67.47
71.45 73.30 90,41 72.52 85, 41 81.99 24.29 54,12 67, 85

By Night (29 Regions)
23.97 43.92 58,32 40, 74 44. 08 50, 94 50. 94. 68. 65 12, 74 33,01

60.28 64.00 77.19 76.90 38. 19 17.43 27,26 51.29 57,79 70. 92
81. 04 72,32 92,56 75. 38 72. 50 75. 84 30. 83 39.69 71.08

Bv Month (29 Regions)

28.15 48,30 63,11 44, 77 46. 63 48. 68 48.68 71.00 50. 65 36. 60
64. 05 59.76 77.91.78. 67 40. 42 28. 34 34,32 55,09 62,32 69, 19
76.25 72.81 91.49 73, 95 78, 96 78. 91 27.56 46. 91 69. 46

Winter, Spring, Summer Fall, and Annual

Region W 5 Su F A
1 32.07  32.52 13,78 12,11 22.62
2 17.59  41.40 16,67 37.17 35.7]
3 64.15  60.81 83.22 7746 71,41
29 69.29  63.33  70.86 74.47 69,49

'Figuir“'e 2-5, Example of C’vmputer Program Output, Mean Cloud
‘ Cover Value-, for ERTS FOV
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each of the 29 worldwide cloud regions.

p

In addition, the 0700, 1000, 1300,

Space Division
North American Rockwell

1600 LST cloud statistics and the 1900, 2200, 0100, and 0400 LST cloud
statistics were combined to compute a daytime and nighttime mean per-
centage cloud cover amount, respectively, for each month and i=2gion.,
Finally, the cloud statistics for the ERTS field of view have been used to
compute mean cloud amounts for all hours combined for the entire year and
for seasons of December-January-February, March-April-May, June-July-
August, and September-October-November.

Table 2-2 presents selected mean cloud cover values for the ERTS

FOV as extracted from the computer printout. These selected values are

for the major cloud regions of the United States at 1000 LST and. 2200 LST.,

Table 2-2, Selected Mean Cloud Cover Values Versus
Regions, ERTS FOV
Region/ {1000 1LST/ All Hours | All Hours | A1l Hours
Months 2200 LST |Daytime | Nighttime (Mo.) (Season) | (Annual)
2 Jan 52.9/43.9 | 52.7 43.9 48,3 47.6
Apr 46.8/34.9 | 46.8 37,2 42,0 41. 4
July 13,1/10.2| 13.2 12. 6 12,9 16.7
Oct 46.6/33.8| 46.9 35,5 41,2 37.2
Annual 35,7
8 Jan 75.6/67.8| 73.4 68. 6 71.0 67.9
Apr 64.4/54.0| 65,2 54,8 60. 0 59. 1
Jul 25.6/26.1| 28.1 25,1 26,6 33.4
Oct 45,4/35.5| 44.9 35. 6 40, 2 42, 4
Annual 50.7
11 Jan 69.8/59.4| 67.8 60. 3 64.0 63.1
Apr 66.8/55.8 | 66.8 56. 6 61.7 60. 2
July 57.1/38.1| 56.8 42,3 49.5 49, 1
Oct 45.5/37.1| 46.2 37.0 41.6 45, 6
Annual ‘ 1 54,4
18 Jan 61.0/49.1/] 58.9 51,3 55.1 || 53,2
Apr 45,9/35.0| 44.3 38.4 41,4 43, 4
Jul 23.0/24.2| 24.3 30,8 27.6 30. 6
Oct 43.8/32.7| 40.6 36.2 38.4 37.2 |
Annual| 1 | | | | 41.1
19 Jan 68.5/56.2| 66.9 || 57.8 62.3 58,7
~ Apr 64.0/45.2 | 62.6 51.0 56.8 55.9
Jul  |52.5/36.9| 54.1 39.7 46.9 45, 3
Oct  |46.7/32.0| 46.3 34.6 | 40.5 43,2
Annual|{ | - | - 50.8
2-13
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2.4.1 Cumulative Frequency Distributions | 3 3

‘expected cloud cover over a region, This is particularly true for cloud ”
regions that exhibit a U-shaped cloud frequency distribution, In this cas e,

’ Space Division
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2.3.3 Comparison of Enlarged-Area Statistics With Standard-Area
Statistics

Section 2,3.2,1 presented a discussion wherein frequency distributions ,
derived for the field of view of 100 by 100 nautical miles were compared
with the standard-area frequency distributions. The expected greater
frequencies for the intermediate cloud cover values were exhibited,

The mean values for the enlarged field of view of ERTS would not be
expected to shift a great deal from the values for the standard area, Since
the major result of the larger viewing area is to produce a frequency distri- i
bution of greater central tendency, i.e., more bell shaped, many of the low
mean values would tend to increase slightly, and many of the high mean
values would be expected to decrease slightly,

Table 2-3 presents mean cloud cover values for the standard-size
areas and the enlarged ERTS FOV areas for selected U, S. cloud regions,
as extracted from computer-derived results. Both the small actual change
and the movement toward a central value of most of the mean values were 3
noted in the table data and in the computer values from which it was : 3

~extracted.

Table 2-3, Comparison of Mean Cloud Cover Values

January 1000 LST : July 1000 LST
Region 30 NM 100 NM 30 NM 100 NM
2 ; 51 ~ 52.9 11 13,1
8 76 ‘ 75,6 23 ' 25.6
11 69 69. 8 58 57.1
18 64 61.0 25 23.0
19 ~ 71 - 68.5 53 52.5

2.4 SINGLE-LOOK VIEWING

The mean-cloud-cover amount may be very unrepresentative of the

the mean amount may be near 0.5 or 50 percent, whereas this value is the

2-14 3
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amount least frequently observed. The requirement to use the basic fre-~
quency distribution of cloud amount in probability determinations, rather
than an unrepresentative single value, becomes evident,

In some mission analysis studies, it is useful to be able to determine
quickly the probability of encountering cloud cover less than some arbitrary
amount on a single pass or look. This probability is easily determined from
a linear interpolation of the cumulative percentage frequencv cloud cover
distribution for the time, month, and region of interest. Additionally, the
cumulative statistics are required in probabiiity programs such as the
Monte Carlo and Look 12, to be discussed in subsequent sections. As
discussed in Section 2. 3, the cumulative frequency distributions for the
ERTS field of view were developed in this study from the basic data and
use of the computer program described in Appendix A,

For interpolation, a plot of the cumulative frequency versus cloud
amount is derived by the computer. A somewhat arbitrary choice exists
of what cloud amount value to use for each of the cloud categories of the
basic data.' For example, the representative amounts for each category

were discussed previously, but the upper limit of the cloud category must
be used for the cumulative distribution plot.

The possible choices for the upper limit are illustrated in Table 2-4,

Table 2-4, Intervals and Upper Limits for Cloud Categories

~ : Observa-

Cate- , Representa-| Theoretical tion

gory: Amount tive Amount | Interval Limit | Interval |Limit
1 1<0.1 0o 0 -0.05 0,05]<0,1 0.1
2 10.1,0.2,0.3 0.2 0.06-0.35 0,35/ 0.1-0,3 0.3
3 0.4, 0.5 0.45 0.36-0,55 0,55| 0.4-0.5 0.5
4 0.6, 0,7,0.8, 0.9 0.75 0.56-0.95 0.95| 0.6-0.9 0.9
5 >0.9 1.0 0.96-1.0 1,0 |[>0.9-1.0 ] 1.0

~interpolation, the ''observation! upper limits was used in the plotting of

The observation limits exist because of the standard observing
practices as regards cloud-cover amount. Feor example, clear skies are
reported whenever the amount is less than one-tenth. Overcast skies are
reported whenever cloud cover is greater than nine-tenths, For computer

2-15
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the data accumulated for the cloud categories. Figure 2-6 is an example
plot for 1000 LST, January and July, for cloud region 11,

2.4.2 Single-Look Probability of Seeing 100 Percent of an Area

Mean-cloud-cover values are inadequate for most repeated-pass
analyses. The question of the number of passes to see all (100 percent) of
a target area in a single look at a given probability level is of some impor-
tance and may be answered by determining the probability of at least one
pass with clear skies (Category 1 cloud cover) in N passes., The basic
relationship for repeated, independent looks may be shown to be

Pg=1-]1- P(l)]N (1)
where
Pg = probability of success or seeing 100 percent of an
area in one look
P(1) = relative frequency of Category 1 clouds
[1 - P(l)]N = probability of failure or not seeing 100 percent of an

area in one look
N = number of passes.

From the above, N may be determined from

In [l-Ps]
In[1 - P(1)]

N =

The right side of Figure 2-7 presents a nomogram from which may
be determined the number of passes required for selected combinations of
probability of success and the relative frequency of clear skies (Category 1
in the basic cloud frequency statistics). The probability of success in this
instance is defined as the probability of seeing 100 percent of an area in a
single look. From Figure 2-7 the probability of success for a selected
number of passes or the number of passes required for a selected probability
of success may be easily determined. It is only necessary to ascertain the
relative frequency of clear skies from the cloud-cover frequency distribu-

~tions for the appropriate viewing area size, time, month, and cloud region
of interest, ' v ; N ;
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Figure 2-7. Nomogram of Probabilityvof Observing Cloud-Free Areas

To facilitate use of the aforementioned nomogram, we may plot the
frequency of clear skies for a selected time and month for all regions and

place it beside the nomogram for easy reading. Figure 2-7 illustrates such
a combination of data.

It should be noted that the single-look mode is not restricted to seeing
all or 100 percent of an area in a single look. Rather, the amount of the
area required to be seen in a single look could be any amount, and the basic
probability of success of Figure 2-7 would be appropriate. For any other
value, the relative frequency of clouds equal to or less than the prescribed
successful seeing value would be determined from the cumulative frequency
distribution plot. Then this value would be used as the relative frequency
value in Figure 2-7.

2.4,.3 Computer-Derived Results, Single-ILook Viewing

As noted, a single nomogram is applicable for determining the number
of passes versus the probability of successful seeing in a single look for any
relative frequency of selected cloud amounts or less. The relative frequency
of clear skies, or Category 1 cloud cover, is related to the probability of
seeing 100 percent of an area in the single look. This is a statistic of
interest to ERTS, '

For ERTS, the area to be seen in the single look is 100 by 100 nautical
miles. Hence the. enlarged-area cloud statistics (SUNCON) of Section 2. 3
must be used. Use of ‘the computer output tabular values for SUNCON is
somewhat laborious when several regions are of interest. A computer pro-

~gram was developed to derive graphical representations similar to Fig-
‘ure 2-7. Figures 2-8 and 2-9 are sample outputs of this program for the

ERTS field of view. Data for all months at 1000 LST and 2200 LST are pre-

~ sented in Appendix C of this report.
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2.5 ONE- OR TWO-LOOK VIEWING

2.5.1 General Failure-Success Probability

The basic probability of '"'seeing" an area from a satellite involves a
situation where alternatives (success or failure) are possible for each of a
number of independent repeated trials. Success is defined as seeing what-
ever portion of the area is required to achieve the objectives of the mission.
The binomial distribution is appropriate for such a situation and it is well
known that for this distribution

N!

- m N-m
1:)rninN"rn!(N-rn)!p (1 -p)

where

Pm inN-= fr-oliability of m occurrences in N repeated, independent
rials

P =]LprloTaability of event occurring in one trial

Further, the probability of success, Pg, may be defined as the
probability, or occurrence at least once, of a prescribed event. For cloud
cover analyses, this event is the seeing of a prescribed amount or more of
the area. Similarly, the probability of failure would be 1 - Pg or the
probability of not seeing (seeing zero times) the prescribed amount or more
of the area,

The probability of success (seeing) is the statistic of interest, How-
ever, it is much easier to compute Py and determine Pg from (1 - Py).
For example, when '

L 1 0
N=1, Pg =Py inl=75; PA-p) =P

21 21
| | © o2 0
N =2, Ps=‘P1m2+sz2=lrr1‘!P(1'P)J’f[z:o' P “'P)J

e

N=N, PS:PlinN+P«’1nN+‘ . . ’,PNinN
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For the foregoing

11 0 1 1
N =1, Pr=Pqy,, o ? (B-p=(1l-p)

2! 0 2 Z
. N=2,PF=P();m2+5‘!‘2_!P (1 -p) =(1-p)

N! G N
, Pz Ppoa o= N 1 -
N, Pr=PgyinnN ot P (1 - p)

N

=1 -p)"

The utility of computing Pg from (1 - PF) is obvious. The simplest
form of this relationship was previously used in determining the passes to
see 100 percent of an area in one look. In that section, the relationship

_ _o\N
Pg=1-(1- P)

was used without proof,

2.5.2 Failure-Success Probability for One- or Two-Look Viewing

The success event related to cloud cover in satellite mission studies
is defined as the occurrence of total cloud amount over the target or data- .
acquisition area such that the required amount of the area may be ''seen. "
This seeing of any arbitrary amount of the area may be specified as
(1) occurring in a single look; (2) occurring through the incremental addition
during repeated continuous looks; or, (3) in a compromise case, occurring
in one or two looks,

The one- or two-look case is of considerable interest in that not all
the area is required to be seen in one look, yet continuous operation of the

- cameras or other sensors is also not programmed. This latter case results

in the acquisition of little or no data on most passes in high-cloudiness
areas and the requirement for large film availability and/or data analysis,
The one- or two-look case as envisioned in real life would require advance
information as to real-time cloud cover and on-off sensor operation
capability. o ‘

For mission planning and design, it is extremely useful to be able to
estimate the probability of securing information from or "seeing' a selected
percentage of the target area for a selected number of passes. For the one-
or two-look case, we have used the previously discussed failure probability

- concept:
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success = ''seeing' arbitrary selected amount of target area

d
1

g = probability of success

C1 = cloud cover when success occurs in one look

+ €2 = cloud cover when success occurs in two looks = vV Cy
P} = percentage frequency of cloud cover =C1 (from basic

cloud statistics)

pp = percentage frequency of cloud cover =C2 and >C;
(from basic cloud statistics)

P2
p = 1P " probability of cloud cover between Cz and Cj, given Cy
1 has not occurred

Further, if
A = zero occurrence of cloud cover =C;
B = zero or one occurrence of cloud cover <Cp and >C;
B/A = occurrence of B, given that A has occurred
then P(A, B) is 'i:he probability of A and B, i, e, » the probability of failure.

Since A and B are not independent events, P(A, B) = P(A)+ P(B/A);
thus, P(A) is the probability of 0 occurrences in N passes:

ak m N-m N
P(A)-‘-m!(N_m)lpl(l-pl) =(1-p1),smcem=0

and P(B/A) is the sum of probability that B = 0, given A, and of probability
that B = 1, given A. Further, since B=0and B =1 are mutually exclusive
events, ‘

' NI N
8 ‘ . - - ~ ‘ 5 —1
P(B/A) = |y B (1 - P’N] +{W.‘ET:P<1 -p)NJ |

i

- g - ]
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The probability of success is

Ps=(l - Pp) =1-[P(A, B)] =1 - [P(A)] [P(B/A)]

]

Ps=1-[a-ppN [0 -5 45 (1 - 51N

2.5.3 Computer-Derived Results for ERTS FOV

Look 12 is the computer program for determining the relationship
between probability levels, area required to be "'seen' in either one or two

independent looks, and the number of passes from the aforementioned
equation,

The probability of success is tested for successive values of N until
the required probability level of success is achieved., This program, which
combines some of the features of both the single-look and continuous -viewing
programs, is described in detail in Appendix A,

For ERTS viewing results, use is required of the enlarged-area cloud
statistics and the cumulative frequency plots discussed in previous sections,
With these adjusted data used, results were computed for all 29 regions for
January, April, July, and October for 1000 LST and 2200 LST, These
results were achieved for seeing 50, 60, 70, 80, 90, 95, and 99 percent
more of the ERTS FOV in 1 to 20 passes. The computer results are in
tabular output. Figure 2-10 illustrates the format of the computer output
for seeing 70 percent or more of the ERTS field-of-view area of 100 by

100 nautical miles at 1000 LST in July. The complete results are pre-
sented in Appendix D.

2,6 CONTINUOUS VIEWING

2,6.1 Probability-of-Seeing Relationship

Another typical surveillance mission involves continuous viewing or
looking (on every pass or orbit over a selected area) and the piecing together
of cloud-free segments for each look. Onée\ again, the question is: How
Inany passes are required to provide a selected probability of ''seeing'' at
least a selected percentage of an area? ) ‘

3
v
\

Other investigators (References 4 and 5) have proposed a Monte Carlo
simulation scheme that adequately covers the foregoing question for incre-
mental seeing of an area. The clouds over the area are assumed to be
randomly distributed such that the incremental coverage of pbass n is given by

,‘B(n)' = [1 - B(‘nfk’-” 1)] I[1 ."fc;"(n)]
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Figure 2-10. Example Computer Output, One- or Two-Look Viewing, ERTS
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where
B(n) = the incremental area seen on the nth pass
B(n - 1) = the accumulated areas seen through the (n - 1)st pass
c(n) = the amount of cloud cover on the nth pass

The computer program (Monte Carlo) developed for this question
incorporates a random number Program draw that is fitted into the appro-
priate unconditional cumulative percentage frequency distribution to determine
the cloud cover for pass 1. Should this cloud cover be Category 1, a
100-percent coverage is tabulated, and a new mission is begun. If this cloud
cover is not Category 1, a new random draw is made for pass 2, and the
incremental cloud cover and total cloud cover are determined. This is
repeated for the N passes of interest, Any draw of cloud cover 1 results in
100-percent seeing and is so recorded in that and subsequent value(s) of N
in that mission. The next mission repeats the procedure. After the desired
number of missions (about 100 to 300, selected to give reasonable confidence
without excessive computer time), the program derives a cumulative fre-
quency distribution and provides a CRT output of area seen versus probability
for all number of passes from 1 to N.

The simulation for which this program was developed at North
American Rockwell was for viewing of areas of about 1-degree-latitude
diameter at 3- to 18-day intervals. The assumption of independent looks is
thereby justified, and the use of conditional statistics is not required. For
such intervals in viewing of the same area, it is desirable to select a time
of minimum cloudiness and sufficient illumination. For many applications,
1000 LST is used. The Monte Carlo computer program is described in more
detail in Appendix A,

2,6.2 Computer-Derived Results, ERTS FOV

~The Monte Carlo computer program has been used to derive the
probability of seeing any selected amount of an area of 100 by 100 nautical
miles in a selected number of passes. The ERTS viewing of the same area
at 3- to 18-day intervals justifies the independency of the looks and the use
of the unconditional statistics SUNCON developed for the ERTS field of view,

The program was used to derive the probability of seeing a given per-
cent or more of an area for passes 1 through 8. Figure 2-11 presents an
example of the Monte Ca.{rlo continuous viewing computer program output for
cloud region 11, Jully, 1000 LST. The probabilities were derived for all of
the 29 regions for 1000 LST and 2200 LST for the, months of January, April,

- July, and October, Appendix E presents a selected portion of the derived
probabilities that are of greatest interest to probable ERTS missions
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3.0 CLOUD PHOTOGRAPH ANALYSES

3.1 STUDY OBJECTIVE

The standard-area cloud statistics and the enlarged-area statistics
used in the previous section to derive probability of seeing assumed a
perfect-resolution sensor. As the resolution degrades and the elemental
areas required to be completely cloud-free increase in size, the amount of
cloud cover in the FOV will increase: i. e., the cloud-free area will
decrease. Thus, a FOV of 100 nautical miles may be 40 percent covered
with clouds or 60 percent cloud-free, but the percent of the FOV with elemen-
tal areas completely cloud-free will decrease from this 60 percent for the
perfect-resolution case to 0 percent, or nearly so, for large elemental
areas. The objective of this phase of the study is to determine this change
in cloud cover (or cloud-free area) as the resolution decreases (the ele-
mental unit area size increases).

To derive the variation of total cloud-free area as the resolution, in
terms of cloud-free square elemental or unit areas, varies from about
30 meters to 185 kilometers, it was necessary to use cloud photographs
from U-2, Apollo, and ESSA flights. The U-2 flights provided resolution
elements down to 30 meters. The ESSA flights provided photographs for
analysis of cloud-free elements of the larger size. The Apollo photographs
provided cloud-free elements that overlapped the larger U-2 and the smaller
ESSA elements.

3.2 OTHER STUDIES

Several previous or concurrent studies provided information related
to the objectives of this study. Results of studies of cumulus cloud distri-
butions and dimensions from U-2 photographs during cross-country flights
were published by Blackmer and Serebreny in 1962 (Reference 6 and 7).
Plank reported upon Florida cumulus distributions in 1969 (Reference 8),
ATS photographs are being studied at the NASA Institute for Space Studies
(Arking, Weinstein, and Fleischman, Reference 9) and at the University of
Wisconsin (Stamm, Vonder Haar, Reference 10) to derive cloud statistics
relating to cloud-free area distributions. Salomonson and Shenk (Refer-
ence 11) are using Apollo photographs to study such cloud statistics. The
most significant results of these studies as regards the subject study are
presented in the subsequent discussion. ’ |
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For the very high resolution U-2 photographs, the cumulus cloud
distributions were classified as CLl, CL2, and CL3 in Reference 6. CL1

comprises only small clouds, CL2 comprises small and medium clouds, and

CL3 comprises small, medium, and large clouds. Table 3-1 presents the
percentage of total cloud cover contributed by clouds of various sizes for
the flights studied. It may be noted that small fair weather cumuli may be
200 feet to 1 mile in diameter and single-cell cumulo-nimbus are on the
order of 1 to 5 miles in diameter, CLI distributions are found in areas
where observers report small numbers of tenths cloud cover; CL2 generally
exist in areas of four- to six-tenths cloud cover; and CL3 would generally be
representative of six- to 9-tenths cumulus cloud cover. These statements
are for fields of view representative of the U-2 photographs.

Table 3-1. Percentage of Total Cloud Cover Contributed by Clouds
of Various Sizes (Reference 6)

Reported Clouds (%)
Cloud Size (sq nm) CLl1 CL2 CL3
0.1 55,0 | 25,0 | 20.0 ]
0.5 25,0 24,0 11.5
Small 1,0 16.0 } 100.0 | 18.5 % 85.5 11.0 § 57.5
2 3.0 12.0 9.5
3 1.0 | 6.0 | 5.5 |
4 4.0 5.0
5 3.0 4.0
Medium 6 2.5 3.5
7 2.0 » 14.5 3.0 4 24.00
8 1.5 3.0
9 1,0 2.5
10 0.5 ) 3.0
12 3.5 |
14 3.5
16 3.5
Large 18 2,5 ) 18,5
: 20 3.0
25 3.0
30 0.5 J
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In Reference 7, Blackmer reported upon length and width of cumulus
clouds from cross-country flights., The study indicated lengths from one-
fourth to nine and one-half nautical miles with a median near one nautical
mile. The median width was about three-fourths nautical miles with a maxi-
mum of 8.5 nautical miles. Spaces between clouds ranged from one-fourth
to twenty-two nautical miles with 2 median near one and eight-tenths
nautical miles,

Plank, in Reference 8, presented the following conclusions for the
Florida cumulus cloud distributions.

1. The number density of the cumuli decreased nearly exponentially
with increasing cloud-size.

2. The size distribution characteristics did not appear to be materially
influenced by the patterform state of the clouds.

3. A maximum amount of the sky cover occurred in association with
an intermediate size cumulus diameter (modal diameter).

4. As the total cloud cover increased from morning to afternoon,
the minimum cloud diameter, the modal cloud diameter, and the
maximum cloud diameter increased. Thus, convection operated
to favor and enhance the development of larger cumuli.

5. The variation of cloud number density with cloud size was similar
to that of the Blackmer-Serebreny cross country populations and
other locations, thus suggesting the size distribution characteris-
tics of cumuli over uniform terrain are relatively similar,
irrespective of the geographical location.

Stamm and Vonder Haar (Reference 10) found from an analysis of an
ATS photograph the expected decrease of clear area in a region as the '
spatial resolution of the sensor decreased, In addition, the rate of decrease
of the measured parameter was increased as cloud '"contaminants'' smaller
than the instantaneous field of view (IFOV) of the instrument were considered.
The rate of decrease of clear area was dependent upon total cloud cover and

the types of clouds present. Fifteen kilometers was suggested as a good

spatial resolution at nadir for the geosynchronous satellite to obtain vertical
temperature profiles via an infrared sounder.

Arking, et al. (Reference 9) present results o/f stud‘y of 11 ATS pictures

at £12, 5° latitude and 25° of longitude for a best resolution of five kilometers,
~ As expected, the percentage clear area was sensitive to the resolution of the
sounding instrument, and a change of resolution from 11 kilometers to

60 kilometers reduced by a factor of two the time the instrument could
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collect useful data. The average cloudiness of these 11 pictures was 31 per-
cent. The sensitivity of percentage clear area to resolution was similar for
high and low cloudiness within the pictures studied.

Shenk and Salomonson (Reference 11) using simulated cloud pattern
fields and an Apollo photograph, presented results of studies of the effects
of sensor resolution upon estimated cloud amounts. They found that sensor
spatial resolution strongly affected estimates of cloud cover. When R is
defined as the ratio of areal cloud size to areal resolution element size,

R values of 100 or greater for a single cloud threshold (cloud, no cloud) are
required to measure directly the percentages of cloud cover with approxi-
mately 10 percent accuracy. For a two-threshold cloud criterion, an R = 10
was required for good cloud-cover-percentage estimates.

3.3 ANALYSIS OF U-2 PHOTOGRAPHS

3.3.1 Description of U-2 Photographs

3.3.1.1 General

The photographs taken by the camera aboard the U-2 aircraft are con-
tained in 1000-ft reels of 70-mm film. Each frame is about 10 inches long
and depicts a panorama of the daytime cloud cover in a strip extending from
horizon to horizon, perpendicular to the flight path. The area of the earth's
surface photographed on each frame varies with the height and speed of the
aircraft. If an altitude of 50,000 feet is assumed, the horizon is some
200 nautical miles away, but detailed studies of dimensions are possible only
to about 10 miles on either side of the flight path. Resolution of a few meters
is indicated by the easy identification of small section-line roads in some of
the photographs.

3.3.1.2 Selection of Photographs

Several reels of U-2 film for flights over various sections of the

United States were secured for analysis through the courtesy of the Air Force
Cambridge Research Laboratories. These reels were surveyed to select
pictures demonstrating varying amounts of cloud cover within the central
part of the frame. The central portion of each frame was used to provide an
essentially vertically down-looking photograph. This was necessary because
of the requirement to achieve cloud statistics from these U-2 photographs

for cloud-free elements as small as 30 meters on a side. ’

o v

- The aititude véried considerably on the various flights, but the speed

| Was ﬁel’atively constant. In each frame the distance along the flight path was

approximately four to eight nautical miles. For FOV, the same distance

‘normal to the flight path was used, thus providing a square FOV from four

to eight nautical miles.
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Selection of photographs was then restricted to partial-cloud-cover
photographs consisting of either small cloud elements or the edges of large
cloud elements within the field of view of four to eight nautical miles since
neither overcast nor clear photographs provide any cloud statistics data,
Additionally, all clouds in such a limited field of view must necessarily be
cellular, and cumulus, stratocumulus, and altocumulus cloudiness was
reported in the flight observer's log.

The photographs selected for analysis occurred on three flights
numbered ML-62, ML-69, and ML-89 in the USAF-AFCRL nomenclature.
ML-62 was a February W-E cross-country flight; ML-69 was a N-S east
coast flight; and ML-89 was a local five-hour flight over the environs of
Boston, Massachusetts, The number of photographs selected were as
follows:

ML-62 6
ML-69 20
ML-89 9
Total 35

Cloud amounts in the selected photographs ranged from one-tenth to
nine-tenths in visual estimates prepared prior to analysis.

3.3.2 Analysis Procedures

The analysis to derive the cloud-free element statistics from the U-2
photographs consisted of the following steps:

1. Selection of the 1 x 1 element size for digitization

2. Digitization of the photograph to provide brightness numbers from
0to 63 -

3. Selection of the cloud/no-cloud threshold brightness value

4. Extraction of cloud-free statistics as basic element size increased

The methodology of '1‘:h~e pfoééss used to derive cloud-free statistics is
depicted in Figure 3-1. The statistics were derived in a three stage process

including: (1) scanning of film and cloud background threshold selection:
(2) threshold criteria development; and (3) cloud statistics. The schematic .

~ is referenced by numbers and the computer program blocks are designated by

"Cl" and "C2'", The subsequent discussion will describe each functional
component. U : ‘
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3.3.3 Digitization Procedure and Threshold Selection

3.3.3.1 Digitization

Selection of the 1-by-1 or basic element size requires a consideration
of the FOV and the required smallest basic element size, For the U-2
photographs, it was desired to provide a 1-by-1 element of approximately
30 by 30 meters. The other possible digitization elements were 2 by 2,
4 by 4, 8 by 8, 16 by 16, 32 by 32, 64 by 64, 128 by 128, 256 by 256,
512 by 512, or 1024 by 1024. A 512-by-512 digitization of the 8- by 8-nm.
FOV was selected, thus providing 'a 1-by-1, or basic, element of approxi-
mately 30 by 30 meters.

The photographs were digitized on the Information International
Programmable film reader/recorder. (see Figure 3-2). A source of light
produced at a programmed x-y point location (with an 8. 4 micron spot size
for 33 mm film) on the face of a CRT was used. The density of the trans-
mitted light for each point is stored on magnetic tape. The system is capable
of digitizing a selected film negative or positive into 16, 384 by 16, 384 basic
units. The numerical intensity values of the digitization process were placed
on magnetic tape as six-bit numbers for statistical analysis.

3.3.3.2 Selection of Threshold Intensity (TD)

Before the cloud statistics were derived from the digitized values on
the magnetic tapes, it was necessary to determine the threshold between
cloud/no-cloud. Accurate determination of this value is a formidable task,
as evidenced by the inability of investigators to decide upon the presence or
nonpresence of clouds when visually observing photographs when the clouds
are cirrus or thin or when the background contrast is small. Different
investigators have derived different schernes to separate cloud from non-
cloud areas in digitized data (References 9, , 11), but none is entirely
satisfactory.

The procedures selected for this study consisted of the following steps:

1. Use of a computer to produce a facsimile representation of the
photograph, ut111z1ng an arbitrary TI, and to produce a frequency
‘distribution of the brlghtness values '

2. Use of the frequency distribution of brightness values to select
| subsequent TI for facsimile representations or final TI selection

3. . Compar son of the subsequent facsimile representatmns with the
original photograph, and selectlon of the TI that produces the best
representation - '

3.7
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Steps 1 through 3 were performed for all the Apollo and ESSA photo-
graphs but a requirement to return the U-2 film allowed all steps only on the
ML-62 photographs. This required development of a ¢riterion from the
frequency distribution for selecting the TI of the other U-2 photographs.

The TI criterion developed from the frequency distribution was also
determined by the comparison of facsimile representations. Arbitrary TI
values and the original photographs were used. It was noted that a sharp
change in the slope of the cumulative frequency distribution of brightness
values occurred at or near the TI value that produced the best representation.
Figure 3-3 illustrates this criterion as shown on Frame 186A of the ML-62
flight of the U-2. For this photograph a TI brightness value of 45 is indicated
by the intersection of the mean slope lines above and below this value. The
facsimile representation using 45 as the threshold intensity value is also
presented in Figure 3-3 and may be compared with the actual U-2 photo-
graph, presented as Figure 3-4. In the facsimile representation, the clouds
are dark rather than light as in the actual photograph. |

The above criterion was used for selecting the TI values for the U-2
photographs for which a cormparison of fau~simile representations and the
original photograph was not possible. A crude check of the selected value
was possible by comparing the total cloud cover amount derived by using the
selected TI value with cloud amounts prepared from visual analyses of the
orlglnal photographs. In general, these values were in reasonable agree-
ment, with the ML-69 values being excellent and the ML-89 values less so.
When the estimates varied widely, the resulting statistics were suspect and
were not used in the final U-2 statistics.

Specific cases will now be used to illustrate the threshold selection
method and validate its utility and accuracy. Figure 3-3 shows a comp051te
facsimile plot which contains a cumulative frequency histogram for the film
transmitted light intensity and a facsimile picture of the digitized film data.
This type of plot was generated with a Hogan plotter. The Hogan plotter is
a high-speed digital plotter with a resolution determined by 1024 stylus wires
covering a 10-inch scan length. At the bottom of the lower half of Fig-

‘ure 3-3 is a histogram of the intensity frequency distribution function. After

study of numerous histograms a slope discontinuity criterion was developed

to locate the threshold intensity. The intersection of the two slopes in

Figure 3-3 should be at the intensity threshold between background and- the
clouds. Figures 3-3 through 3-8 show the variation of the cloud picture
versus threshold. The significant change in the picture for a small threshold
change between 40 (Figure 3-3) and 42 (Figure 3:5) is due to the relatively
large slope on the background side of the cumulative intensity frequency
distribution function. Also, this sizable change illustrates the high sens1t1v1ty
of the cloud/background threshold 1ntenS1ty value and that it is preferable to
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have the intensity'!on the smaller slope side of cumulative distribution, The
remaining Figures 3-6 through 3-8 show the cloud picture for intensity
thresholds of 45, 50, and 55. The picture for the selected threshold

(Figure 3-6) of 45 compares very well with the actual film print in
Figure 3 -4,

An example of threshold selection for an Apollo case is depicted in
Figures 3-9 through 3-15, This case shows the background and cloud
intensity value positions switched on the cumulative frequency because the
Apollo film is a positive and the aforementioned U-2 film is a negative,
This Apollo case (A59-22-3436) has a different characteristic form, but it
conforms to the slope criteria selection method, Figures 3-9 through 3-12
show the change in the cloud picture as the threshold is reduced from
55 to a value of 20. The final selected value of 20 is near the slope dis-
continuity at 23, Also, the cloud picture is not very sensitive to small
threshold changes because the slopes are much smaller than those in the
previous U-2 cases. Figures 3-13 and 3-14 show an enlarged facsimile
plot which can be compared with the print in Figure 3-15. Extensive
examination of the figures showed a very good comparison for the gross as
well as microscopic cloud patterns,

Three other Apolio threshold selections are depicted in Figures 3-16
through 3-21. Of all the cases mentioned here and before, the only anomaly

- is the Apollo AS6-2-995 frame which does not have a sharply defined thres-

hold discontinuity. However, it was determined that this special case
tended to have a slope discontinuity as a point of inflextion. The favorable
comparison between Figure 3-16 and the corresponding Apollo film print in
Figure 3-17 validates this deduction.

In general, the slope discontinuity indicates a smaller gradient in
intensity for the cloud points than the corresponding gradient for the
background intensity points. ‘

In summary, the slope discontinuity criteria can be used in conjunc=-
tion with the estimated FOV total cloud-free percentage to efficiently select
intensity threshold values to separate the background and cloud digitize data
points,

3.3.4 Statistics Generation Computer Program

The desired cloud statistics were the number of totally cloud-free
elements in a FOV for varying element size and the percentage of the total
FOV of these cloud-free elements. The smmllest element (1 by 1) is defined
by the number of points in the digitization process. The presence of clouds
‘within each smallest element was derived via the selection and use of the

threshold intensity for each photograph.
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igure 3-11, Apollo (Frame AS9-22-3436) Facsimile and Histogram

With the Intensity Threshold = 25
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Figure 3-17. Apollo (Frame AS6-2-995) Photograph Print

3-25

SD 71-311
R R R T S T s e e e




|

1M

)

AS6-2-1001
SELECTED
THRESHOLD
OF 40

O
-
O
a
<

Space Division
AMMerica

N

f
“\

ANNOY¥DA DVE

NOILDVY4 aNO1D IAILYINWND DY

60

40

INTENSITY VALUES

10

Histogram

and

'I’:‘,ilt‘

1C S1

-2-1001) F.

/l’i

5

2
-~
i

SD 71-=311




Space Division
North American Rockwell

N

Apollo (Frame AS6-2-1001) Photograph Print

3-19,

Figure

r~
(@]

o

SD 71-311




ACCUMULATIVE CLOUD FRACTION

35

Space Division

APOLLO
AS6-2-1466

SELECTED
THRESHOLD
~ OF 35

BACKGROUND

S
3 — -
7 o
/|
20 30 40 50 40
INTENSITY VALUE
Apollo (Frame AS6-2-1466) Facsimile and Histogram
' ensity Threshold = 35

B 7151

North American Rockwell

ant




’ Space Division
North American Rockwell

Figure 3-21, Apolld (Frame AS6-2-1446) Photograph Print
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The computer program developed to derive the cloud statistics basically
involved the summation of cloud-free elements as the element size increased
fromlx1lto2x2to4x4to8x8 to....512 x 512 or 1024 x 1024. Also
developed were two important improvements to provide greater accuracy by
overlapping of the element summation procedure and the eliminaticn of roads
and/or grid lines showing as clouds. The program is described in detail in
Appendix B. Figure 3-22 illustrates the statistics derivation output,

S
ol 3.3.4.1 Overlapping Routine

e The statistics-generation computer code performs the major statistical
} computations with a deterministic straightforward method rather than a
i stochastic method. However, the deterministic method has the handicap of
requiring up to 1024 x 1024 intensity grid points. This is equivalent to more
than one million core-storage words, which is beyond the capacity of ihe

a4 IBM System 360 Model 85 computer system. Alsc the cost would be

o prohibitive even if storage was available,

i el

However, a method of usiﬂg the data for each scan line was developed
by building up accumulated point data for each square resolution element by -

s processing each line separately. This method reduces the storage require-
- ment to 1024 points on 1024 words

ﬁ vertical and horizontal directions to obtain all possible resolution elements
b in the N x N scanned grid. '

This method would require excessive computer time without signifi-
cantly increasing the accuracy (< 0. 5 percent increase), Therefore, the
overlap method was selected. It moved the resolution element in increments
L of 25 percent of the resolution element length until the dispaced element
oy overlaped the basic element by 25 percent. Figure 3-23 shows the possible

e combinations considered. Considerable error can be introduced when only the
100 percent case is used. The table in Figure 3-24 shows results for a
sample problem where the actual cloud-free percentage is 40 percent for

8 x 8 points and 50 percent for the 100-percent overlap. Table 3-2 shows

the format of the data in the table in Figure 3-24 . With the overlap used, the
five additional cloud-free elements are included in the re sults, thereby
eliminating this 20-percent error. ‘ R

The number of resolution elements versus overlap type for horizontal
and vertical overlap is iihistrat’ed for a 16 x 16 grid sample case in ‘
Table 3-3. Even for the small point number case, there are 25 resolution
elements for the 8 x 8 or half size (in linear length). For a 512 by 512 point
grid, the number of elements at half size is increased by a factor of ~4000.
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NOo. GRID ELEMENTS NO« CLOUD FREE ELEMENTS

65152 38281,0000C
64643 38217.00006
646413 38088,0000¢C
64643 38243.,00000

TOT, NU. CLOI'D  CcLOUD FREE PTS = 254908

NO, GRID ELEMENTS NO, CLOUD FREE ELEMENTS

16192 8780.00000
15939 8725,0000¢C
15939 8799.,00000
154939 8769.00000

TOT. NO, cLOND + CLOUD FREE PTS = 64009

NO. GHID ELEMENTS NOe CLOUD FREE ELEMENTS

4300 t941.,00000
3875 1982,0000¢
3875 1958,9000¢
3875 1923,9000C

TOT. NO. CLOUD + CLOUD FREE Pf§ = 15625

NO. GRID ELEMENTS NO. CLOUD FREE ELEMENTS

976 396.00000
4945 406.0000C
915 412,00000
918 411.00000
TOT. NO. CLOUD ¢ CLOUD FREE PTS = 3721
NO. GRID ELEMENTS NOes CLOUD FREE ELEMENTS
232 78,0000C
203 78.00000
203 78.0000¢C
203 80.0000C
TO0T. NO, CLOID + CLOUD FREE PTS = 841
NQ., GHRID ELEMENTS NO. CLOUD FREE ELEMENTS
52 : 11.00000 :
39 14,03000¢C ’
39 - ; 15.00000
39 : 13.00000 :
TaT« NU. CLOUOD ¢+ CLOUD FREE PTS = © 169
N0, GRID ELEMENTS NO. CLOUD FREE ELEMENTS
10 SR
5 S “ 1400000
5 EER i«0000€C
5 s 1 .00000
TOT. NU. CLOUD + CLOUD FREE PTS = T 28

NO. GRID ELEMENTS  NO. CLOUD FREE ELEMENTS
i i ) S 1| i
TOI.%NO. CLOUD ¢ CLOUD FREE PTs5 = o

TOT. NO, CLOUD + CLOUD FREE PTS = 262144

Illustration of Statistics Deriva_tion{ Program Output;
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OVERLAP | HORIZONTAL
DEFINITIONS | o

'4 25% , ,

‘,3 50%

e

l T 100% "

100%

40 75% :
50% | — — | |

25%" —

r->ﬁ—-f-127m<

~* OVERLAP TYPE o | o
* OVERLAP PERCENTAGE i | o | |

- Figuré 3-2'3’, Resolution Elern’ént Overlap Combinations o ‘ 3
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Hypdthetic_akl Cloud Statistics, Layer Clouds

; Figure 3-24,
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Table 3-2. Data Table Format

OUTPUT DATA FORMAT
For Sample Data Cases

No. of (1 x 1)'s
With Clouds
91

Vertical
N of (N x N) Overlap Type

No. of (N x N)'s No. of Cloud-Free (NxN)'s

2 1

120 42,

105 39.

N of (N x N) Total No, of (N x N)'s Fraction of (N x N)'s Cloud Free

2 ‘ 225

No. of (1 x 1)'s

With Clouds Total No.

0. 360 = (81, /225)

91

of (1 x1)'s (1 x 1)'s Cloud-Cover Fraction

256 0. 35547

Overlap Type % Overlap

1

100
75

; 50
25

3-34
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Table 3-3. Number of Resolution Elements Versus Overlap Type for Sample Case

Overlap Direction |
Vertical Horizontal
Grid ;
Size Overlap (%) No. of N's Overlap (%'s) No. of N's No. of N x N's Total

| 1 100 16 100 16 256 256 ;

s :

| 2 100 8 100, 50 8, 7 64, 56 120%

50 7 100, 50 8, 7 56, 49 105%
\ 225
4 100 4 100, 75, 50, 25 4, 3,3, 3 16, 12, 12, 12 52%
ol e . 100, 75, 50, 25 | 4,3, 3,3 | 12, 9, 9, 9 39% :
w |
L . 50 3 100, 75, 50, 25 4, 3, 3, 3 12, 9, 9, 9 39
U’ :
| 25 3 100, 75, 50, 25 4, 3, 3, 3 12, 9, 9, 9 39
169 ‘

B 8 100 2 100, 75, 50, 25 2, 1, 1, 1 4, 2, 2, 2 10% v .
% 75 1 100, 75, 50, 25 2, 1, 1, 1 2, 1, 1, 1 5% |
~ 50 ' 1 100, 75, 50, 25 2,1, 1, 1 2, 1, 1, 1 53 "

]
N 25 : 1 100, 75, 50, 25 2, 1, 1, 1, 2, 1, 1, 1 5% '
a 25 zZ0
3B
| | 38
16 100 1 100 1 1 1 35 .
) D =
2 <
- No. of N x N's versus vertical and horizontal overlap for a 16 x 16 grid sample problem 3 g
T 3
* Sub-Totals 5,9;
‘ 2 A
D ,
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An efficient method for computing the contribution of each scan line
to the various resolution elements is depicted in Figure 3-25 for the sample
case of 16 x 16. The n + 1 resoluti’n size is selected as twice the linear
size for the nth resolution size. This increase by multiples of 2 permit a
simple method of summing pairs of values of the nth resolution element

cumulative cloud point arrays to generate the summation of cloud points for
the n + 1 resolution size elements.

Table 3-4 shows the pairs of points in the nth resolution size elements,
which are summed to generate cloud point summations for the n+ 1 resolu-
tion size elenients. (See the 8 x 8 and 4 x 4 case in Figure 3-6.)

Table 3-4 also denotes the initial point of the nth re solution size

points to be used in the pair summations of the n + 1 re solution size cloud
point summation.

for cloud-free elements as the proper multiple of lines have been processed
for the respective resolution size (for example, 4 lines for the 4 x 4 resolu-
tion element size), After the data are stored for the number of cloud-free
elements have been stored in another array, the summation arrays are
zeroed, and the process is continued for the next scan line.

This overlap method has been demonstrated to solve the problems of
core storage requirement and provides efficient computations through the
use of successive summations. A factor of 2 for successive re solution
element sizes linear dimension was adequate to assure accurate interpola-
tion as a function of FOV size. The computer routine that implements the

overlap method is designated as subroutine STAHOL and is described in
detail in Appendix B. '

Table 3-4. Transformation T.ogic Between N and N + 1
Resolution Elements Cloud Point Summations

N+1 Resolutions Size | N - Resolution Size Array Starting
Being Generated in Arrays Used | Position
Terms of Percent Overlap | Percent Overlap Case | For Summation

100 F 100 First
s 50 ' First

50 | 100 Second
25 | ‘; e 50 R ~ Second
3-36
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- Intensity Grid Points Converted to
Cloud/No Cloud (1/0) Values |
Resolution Overlap
- (16 Point Sample Case) —»  Point Size Type (%)
e e . . ) . . o . . . ° . e . ° l1 x1 100
: [ 11s] 12 | 13 | 14 | 15 | 16 |17 | 18]  2x2 100
| 21 [ 22 | 23 | 24 | 25 | 26 | 27 | 2 x 2 50
SRS | (11 + 12) | (13 + 14) | (15 + 16) | (17 + 18) ] 4 x4 100
G [ @1+22) | (23+24) | 25426) | 4x4 75
o L
[ (12+13) | (4+15) | (16+17) | 4x4 50
Tt [ 22 +23) | @4+25 | (26+27) | 4x4 25
g e | (11 +12) + (13 + 14) | (154 16) + (17 + 18) 8 x 8 100
. | (12 +13) + (14 + 15) | 8 x 8 75
Ch [ (13414 +(15+16) | 8 x 8 50
| (24 +25) + (26 + 27) | 8x 8 25
[[A1+12) + (13 +14)] + [(15 + 16) + (17 + 18)] | 16 x 16 100
R *An Index Number Denoting the Summation of the Number of Cloud
o m: Points (1's)
i
i
S ‘ Figure 3-25, Efficient Method of Constructing Cloud Point Summations
"zf for Resclution Elements From Single Line by Succes sive Summations
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;' 3.3.4.2 Road Elimination Routine .
This routine was de signed to eliminate problems associated with roads A
& that appear as lines of the same transmitted intensity as clouds. Figure 3-4 i
shows a case of roads that appeared in the facsimile of the digitize tape data %

- .4 (Figure 3-3). It is obvious from Figures 3-4 and 3-3 that the roads will -

eliminate a large percentage of the cloud-free resolution elements of larger .
size. Another problem was observed because of numerous 1- to 3 -point E
groups that could not be clouds but possibly transmitted intensity noise "
as a result of the film resolution or development process or possibly the -
digitization process, The latter possibility is considered to be unlikely, ‘ f
Another possible cause of single or small number point groups is scanning o
at the tangent point of small clouds, However, irrespective of the origin of o
these spurious points, they had to be eliminated. .

: If the point elimination criterion is selected as 4 points, all groups of -

3 4 points or less, which are cloud points, will be eliminated, i,e. defined ]

I as cloud free. Those cloud point sequences along the scan line with greater o
1 than 4 consecutive points were not changed. "

' An additional method of eliminating the effect of spurious points is -
defining resolutions elements which have a small percentage of clouds as ~
cloud free. It is obviously incorrect to define an element with one cloud
point in a total of 512 x 512 points as cloudy for earth resources applications, :
If resolution elements are accepted as cloud free with less than a prescribed TERER

: ~small percentage, both the spurious point and insignificant cloud percentage ”;

effect problems are solved, 5

| ‘ After selecting the point and area methods for elimination of erroneous P
[f ',.";;i‘ff cloud points and cases, the problem exists of selecting the number of o
AR points and the threshold percentage for cloudy resolution elements. These w? :

i values were selected empirically, as illustrated in Figure 3-26 for the H ;

g ‘ U2 frame 89A from flight ML62, This figure shows parametric curves for i

i ! point elimination of 0 to 4 points and area elimination of 0 to 4 percent. m?

' : L B '

This figure will illustrate the necessity for the road elimination - e

‘ '} R scheme. Table 3-5 shows the cloud-free percentage statistics data for -3 .

percentage and point combinations of 0/0, 0/4, 1/0, 4/0, and 4/4 for ugi

i Frame 198A of U-2 Flight ML-62. Visual examination of this frame showed

i about 10 to 15 percent estimated cloud cover with extensive road patterns ‘*’§ -

at interwvals throughout the photograph of one, one -half, and one-fourth s | ’

& miles, | | | | | |

' 7 | ’ - 3-38 S 0
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Figure 3-26. ML62 Frame 89A Cloud Free Probability Versus
Viewing Element Size
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Table 3-5. Example of Road Elimination Routine on
Cloud-Free Statistics
Element Element 0%/ 0%/ 1%/ 4%/ 4%/
No. Size 0 Pts 4 Pts 0 Pts 0 Pts 4 Pts
1x1 30mx 30 m 0.842 | 0.873 0;842 0.842 | 0.873
2 x 2 60 m x 60 m 0.789 | 0.852 | 0.789 | 0.789 | 0.852
4 x 4 120 m x 120 m 0,705 | 0.823 | 0.705 | 0.705 | 0.823
8x 8 240 m x 240 m 0.567 | 0.779 | 0.567 | 0.675 0.791
16 x 16 0.5kmx 0.5 km | 0,352 | 0.719 | 0,491 0.661 | 0.759
32 x 32 1 kmx 1 km 0.130 | 0.636 | 0.415 | 0,635 | 0.729
64 x 64 2 km x 2 km 0.021 | 0.530 | 0,346 0.625‘ 0.693
128 x 128 |4 km x 4 km 0 0. 385 0.213 | 0.556 | 0.633
256 x 256 | 8 kmx 8 km 0 0.040 | 0,080 | 0.360 | 0.480
512 x 512 16 km x 16 km 0 0 0 0 0

derived from an 8- x 8-in. print of the original U2 film frame,

Similar agreement was obtaine_d for the ESSA pictures.

In Figure 3-26, the triangle symbol denote cloud-free percentage values
A compari-
son of the curves shows that with no road and spurious point elimination, the
cloud-free percentage drops off with a large -percentage error for resolution-
element linear sizes greater than 2 points. (See 0 percent/0 points case.)
Also there is better than expected agreement between the 4 percent/4 point
criterion case and the visual estimate, This agreement in slope and
magnitude validates the utility of the method of elimination. The 4 percent/
4 point criteria was used for all the U2 pictures. The same method was
used to empirically derive the eliminstion parameters for the Apollo and
ESSA data. |

The final test for the validity of the elimination method and specific
parameters used is a comparison of the original photograph and equivalent
pictures constructed with the digitized data tape. Comparison of prints and
digitized data tape facsimile photo in Figures 3-3 through 3-21 and Fig-
ure 3-26 illustrates excellent agreement between the digitized data cloud
facsimile photo and the original prints for the U2 and Apollo pictures

3-40
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The road elimination and spurious point elimination are implemented
i by the computer subroutine designate as ELMSL and explained in detain in
s Appendix B. The area criterion is applied in the later portion of the
statistics generation subroutine STAHOL, which is also explained in
Appendix B,

3.3.5 Resulting Statistics (U-2)

The U-2 photographs were digitized into 512-by-512 basic elements
thus providing a 1-by-1 element size of approximately 30 by 30 meters. The
summation of cloud elements of this size should provide the so-called
perfect-resolution cloud cover such as estimated by ground observers and
: used in the probability-éf-seeing analyses of the previous section. The
cloud-cover amount derived from the 1-by-1 element summation should also
be representative of an observer's estimate of the cloud cover when wisually
observing the photograph, but an exact correspondence would not be expected,

)
b s gy

£ e

"
A

LN

Tables 3-6 and 3-7 present a description of the U-2 photographs and
the derived cloud-free element statistics for these U-2 photographs,
Figures 3-27 through 3-29 present plots of the derived statistics,

Results show the anticipated result of increasing cloud-free percentage
of the FOV of the photograph as the basic elements required to be cloud free
decrease in size. The entire FOV of these U-2 photographs varies from
about eight by eight n miles for the high-altitude flights of about 65, 000 feet
to about four by four n miles for the low-altitude frames near 35,000 feet.
b The equivalent 1-by-1 element sizes thus vary from 30 by 30 meters to
15 by 15 meters, respectively. A number of the ML-69 frames were for
altitudes of about 50, 000 feet and an equivalent 1-by-1 element size of
about 22,5 by 22. 5 meters.

FEIER

The results in Figures 3-27, 3-28, and 3-29 also indicate a rather
consistent slope of the curves for the smaller element sizes with a negligible
increase in cloud-free area at the smallest size., The small variation that
i does occur is probably because of variations in the size of the clouds ele-

L ments in the photographs. It should be noted that for these small FOV's of
less than eight n miles on a side, all of the clouds are cellular.

At the larger element sizes, the cloud-free percentages are constrained
g to reach zero at the size of'the photograph FOV since all photographs-had
some cloud amount present. Thus, the reliability of the cloud-free per-

S centages for the largest elements is low. This does not present a problem

" in the eventual combination of the U-2 data with Apollo data, however.

*Some low- altitude photographs had 1- by-1 element sizes near 15 by 15 meters,

, o , 3.4 | o
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Table 3-6. Description of U-2 Photographs 1
I No. | Flight |Frame | Mo/Time Location Cloud Cover %/Category N
1 | ML-62 | 185B |Feb 12 LST |Iowa 31.0/2
g 2 186A 25.3/2 5
B 3 191B 30. 8/2 L
R 4 1928 19.2/2 .
5 195B 41.4/3 .
6 198A 12,7/2 =
|
ot 7 | ML-69 | 508B |Mar 12 Virginia 86.6/4
8 509B 57.5/4 =3
S 9 509A 34.9/2 o
: 10 510A | 39.3/3
11 613A |Mar 14 Georgia | 24,5/2
o 12 617A » 37.8/3 -
- 13 640A Florida 49.9/3 4
i 14 641A 39.0/3 -
. 15 645A 75.8/4 -
"lé 16 665B |Mar 15 N. Carolina 76.4/4 .
o 17 717B | Mar 16 Virginia 16.6/2 ’
o 18 719B 29.4/2 ;
19 720A 35.5/3 3
B 20 ' 732B New York 69.6/4
21 733B | 69.4/4 L
o 22 742B 29.5/2
23 743A | 52.7/3 Y
24 : T48A Mass. 65.2/4 r
B 25 756B | | 62.8/4
26 | 759B | 82.1/4 -
27 | ML-89 | 108B |Apr 28/07 |Mass. | 47.5/3
28 172A | Apr 28/08 | 72.2/4 ,
29 172B | | - 47.2/3 g
30 173A | . 47.0/3 | N
31 1758 - 29.3/2 |
32 179A | | - 8.0/1 , | -,
33 - | 187B = - 85.7/4 1.
34 | | 194A 81.7/4 | ;,
|35 | 205A | | | o - 31.2/2 g
3-42
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Table 3-7. Cloud Statistics Derived From U2 Photographs

Cloud-Free Percentage Versus Resolution Element
G ; Cloud Cover
Noo: v 1x1, m % 1x1 2x2 4 x4 8x 8 16 x 16 32 x 32 64 x 64 128 x 128 256 x 256 512 x 512
1 30 x 30 31.0 69.0 | 66.7 | 63.8 | 60.5 55.67 i 46.0 31.9 21.3 1.2 0
2 ' e 25.3 74.7 | 72.6 | 69.5 | 65.9 60. 6 50. 4 39.6 30.2 8.0 0
3 30.8 69.2 | 65.8 | 60.6 | 54.3 45.2 32.8 21.4 11.8 0 0
4 : 19.2 80.8 | 78.0 | 74.0 | 68.8 62.0 52.3 36. 5 11.8 0 0
5 4].4 58.6 | 55.0 | 49.5 | 43.1 34.9 25.4 15.0 5.3 0 0
6 12.7 87.3 | 85.2 | 82.3 | 79.1 75.9 72.9 69.3 63.3 48.0 0
7 22.5x22.5 | 86.6 13.4 | 11.5 9.2 6.7 4.1 1.5 0 0 0 0
8 57.5 42.5 [ 39.2 | 35.4 | 31.2 25.9 19.1 11.4 4.7 0 0
. 9 34.9 65. 1 60.3 54,2 47.7 39.1 28.1 16.2 3.0 0 0 j
o 10 . 39.3 60.7 | 57.1 | 52.6 | 47.2 39.4 27.7 12,6 0 0 0 . _
: ' 11 15x 15 24.5 75.5 | 73.3 | 70.4 | 66.8 62.0 55.1 43,0 19.5 0 0 :. g
: 12 ‘ 37.8 62.2 | 59.9 | 56.8 | 53.3 48.7 41.8 31.0 14.8 0 0 v .
13 - 49.9 50.1 | 48.3 | 45.4 | 42.1 37.3 29. 5 16.1 1.2 0 0 5
w 14 - 39,0 61.0 | 58.9 | 56.2 52.9 48.5 41.6 29.0 5.9 0 0 P
v 15 75. 8 24.2 | 23.0 | 21.7 | 20.2 18.2 15.3 10.0 0 0 0 N
o 16 22.5x22.5 76. 4 23.6 | 21.4 | 18.3 | 14.8 9.9 4.9 1.7 0 0 0 2
w 17 16,6 83.4 | 81.6 | 79.1 | 75.8 71.1 63.8 53.6 24.9 0 0 . .
18 29.4 7.6 | 69.6 | 67.0 | 63.6 58. 6 50. 5 38.5 18. 3 0 0 ‘
19 . 35.5 64.5 | 61.9 | 58.0 | 53.3 46.9 37.6 24.9 6.5 0 0 .
20 : 69.6 30.4 | 29.0 | 27.4 | 25.4 22.8 18.9 13,1 3.0 0 0 IR
21 : 69. 4 30.6 | 28.6 | 26.6 | 24.4 21.4 16.3 10.1 0 0 0 e |
22 29.5 70.5 | 68.4 | 65.9 | 63.1 58. 8 51.3 36.5 16.0 0 0 .
23 : 52.7 47.3 | 45.0 | 42.0 | 38.5 33.5 26.7 19. 4 9.5 0 0 e |
00} 24 : 65.2 34.8 | 33.5 | 31.7 | 29.3 25.5 19.8 12.2 3.6 0 0 |
Y] 25 : I 62.8 37.2 | 35.2 | 32.4 | 28.9 24.3 18.7 14.3 5.9 0 0 ‘ '
|~ 26 ' ' 82.1 17.9 | 16.5 | 14.9 | 13.3 11.2 7.9 3.2 0 0 0 ’__
N
o 27 15 x 15 47.5 52.5 | 49.0 | 44.9 | 40.5 35.4 28.9 20.7 5.3 0 0 '
et o 28 ‘ 72.2 27.8 | 25.3 | 22,0 | 18.4 13.3 6.9 1.8 0 o 0 Z W
- e 29 47.2 52.8 | 49.3 | 44.7 | 39.3 31.7 22.1 11.9 0.6 0 0 93
foo 30 47,0 53.0 | 47.2 | 40.5 | 34.4 28.4 19.5 9.3 0 0 0 56
31 29.3 70.7 | 67.9 | 64.5 | 61.0 57.0 50.9 43.3 34,9 8.0 0 > o
32 ' 8.0 92.0 | 90.8 | 89.0 | 86.8 84.5 81.8 77.1 0 60. 0 0 (3[, o .
33 ' - 85.7 14.3 | 12.0 9.3 6.7 3.9 1.3 0 0 0 0 a S
34 81.7 19.3 | 15.5 | 11.5 8.2 5.0 2.2 0 0 0 0 2 %’.
35 31.2 68.8 | 65.7 | 61.5 | 56.8 51.1 41.7 25.4 8.3 0 0 o3
g
2
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Figure 3-27. U-2 Cloud Category 2 Statistics i .
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Figure 3-28. U-2 Cloud Category 3 Statistics
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Figure 3-29. U-2 Cloud Category 4 Statistics
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A considerable overlap of element sizes occurs, and the Apollo data are
most reliable at those element sizes of least reliable U-2 data. Obviously,
the Apollo data should be used for these overlap clement sizes.

The data in general can be best approximated by a single curve near
the center of the curves on the U-2 figures, but it is noted that the slope is
not constant for all the curves. The variation that exists is because of the
difference in cloud amount and forms that exist within the photographs.

The major difference in the rate of loss of clear area as the required
cloud-free element size is increased is because of the cellular/layer cloud
factor. This is illustrated in Figures 3-24 and 3-30 through 3-32, wherein
statistics for different cloud forms, but identical cloud amounts, are derived
for three hypothetical cases, The differences in the case of Figure 3-24,
wherein layer clouds are illustrated, and Figure 3-31, wherein cellular
clouds are illustrated, is particularly large. A relatively slow rate of loss
of clear area as the element size increases occurs in the layer case. Such

"'edge variations'' account for the major part of the slope variations in the

‘data from the actual photographs analyzed and are a function of the magnlé

tude of the length of out ,1de edges of the clouds contained in a photograph.

F1gure 3 33 presents the nom1na1 var1at1on of cloud-free percentage for

‘cloud amounts from 20 percent to 90 percent as derived from the illustrated
U-2 cloud statistics, :

Figure 3-34 presents nominal and extreme variations of cloud-free
square resolutlon elements for cloud Categorles 2, 3, and 4 as fitted from

the U-2 data. The most striking feature of the curves is the greater slope"

for Category 3 clouds than either Category 2 or 4. Thls greater slope for
the middle cloudiness represented by Category 3is beheved to be a further

“reflection of the edge effect which is most strongly demonstrated in.
: *rn1dd1e cloudmess ' ~ ‘ : :

Whlle the actual change in cloud- free percentage is greater for the

, ,"Category 3, the relative change is progresswely greater as one. cons1dersk i l
V,Categorles 2, 3, and 4, This is 1llustrated by the increase in cloud- free

percentage that occurs for the nominal curves as the square resolut1on iy

! : 'elernent var1es from 480 meters to 30 rneters on a 51de. Table 3 8
pre sents the values derlved from F1gure 3 34 S
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Hypothetical Cloud Statistics, Mixed

Figure 3-30,
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o Figure 3-32. Effect ’of Cloud Distribution on Cloud Statistics
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Table 3-8. Relative Change in Cloud-Free Percentage With
Resolution Element (U-2 Cloud Photographs)

Cloud- Relative
Cloud Cloud Free Resolution Cloud-Free Percent
Category | Amount Range Range Percentage Change | Change
2 0.1, 0.2, 0.90 480m 61l.5t0 78.5 =17 27.6
0.3 to 0.65 to 30m
3 0.4, 0.5 0.65 480m 32.5to0 55 = 22,5 70.0
- to 0. 45 to 30m
4 0.6, 0.7, | 0.45 480m 14.5t0 27 = 13 90.0
0.8, 0.9 to 0,10 to 30m
3-53
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3.4 ANALYSIS OF APOLLO PHOTOGRAPHS

3.4.1 Analysis Procedures

The analysis procedures for the Apollo photographs were identical to
those of the U-2 analyses. They consisted of:

1. Selection of photographs for digitization

2. Digitization of the photographs

3. Selection of cloud/no-cloud thre shold intensity
4. Derivation of desired cloud»s.tatistics. |

The 37 Apollo pictures selected for digitization were from those taken
during the Apollo 9 and Apollo 6 flights. Reference 12, which describes the
flight data for the photographs of the Apolle 9 flight, was used, in addition
to catalogs of actual flight photographs from both flights to select the
37 photographs. An effort was made to select photographs displaying a
variety of cloud amounts and cloud forms from small cellular to large layer,

The 37 photographs were subdivided into two sets for digitization and
statistics derivation., Set A 'consisted of 20 Apollo 9 photographs, which are
described in detail in Table 3-9. Cloud amounts for Set A were all '
Category 2 cloud cover of less than 3.5/10. Set B included four Apollo 9
photographs and 13 Apollo 6 photographs, as described in detail in Table 3-10

These Set B photographs contained mostly Category 3 and Category 4 cloud
fields, | |

3. 4, 2 Digitization Procedure

3.4.2.1 Digitization

‘The digitization procedure for the Apollo ’plyvircr)togr‘aphs was the same as
for the U-2 photographs and is described in Section 3. 3.3, The 1024-by-1024

‘digitization of the Set A Apoll'O"p’ictures produced a 1-by-1 square element-

of ap.prOXimat‘e-ly 140 by 140 meters for a mean FOV of 75 n miles. The
512-by-512 digitization for Set B would produce a unit element of

280 by 280 meters for the same FOV,

The actual 'klk.ij- l elements varied be;_cj”a:ﬁse of the variatio; in the A-9

fand‘A;-'é‘fli'ght‘altitudes and camera focal lengths. These variations are .
~ shown in Tables 3-9 and 3-10. For the Set B altitude variation of 90 to
172 n miles and the in’di‘c:ated camera focal length, a 1-by-1 ‘el“e,rln‘en’t, o

3-.54
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Table 3-9, Apollo Photograph Description (Set A)

Percent Cloud Amount
3 ~k;Pic:t1’).:rek S ; Picture Center Attitude /FOV* Background Fstimated Computer
| Number Frame Number | Date Latitude | Longitude (nm) Threshold NASA | NR Program
1 AS9-19-3032 |3.9.69 0°26's | 90°50'W 102/69. 4 35 16 | 17 16. 5
2 | AS9-20-3162 |3-12-69 9°40'S | 75°40'W 133/90. 5 20 40 | 26 20. 5
U AS9-20-3112 |3-12-69 8°45'N | 36°35'E 108/73.5 50 30 | 28 22.9
4 | AS9-20-3113 [3-12.69 | so28'N | 37°15'E 108/73. 5 25 50 | 36 30.3
5| AS9-20-3114 |3-12-69  8°05'N | 37°50'E 108/73.5 40 40 | 33 28.3
6 AS9-20-3115 |3-12-69 7°50'N | 38°20'E 108/73. 5 32 35 | 35 31.3
; | AS9-20-3160 [3-12-69 9°00'S | 76°35'W 132/89.9 30 50 | 30 22.0
i 8 | as9-21-3267 |3-12.69 | 33052 | saczarw 125/85, 1 25 20 | 23 15.7
o 9 | AS9-22-3352 [3.8-69 | 18°15'N | 70°58'w 107/72. 8 40 23 | 25 19.6
= 10 AS9-22-3372 |3-8-69 | 14°42'N | 87°s58'W 105/71.5 17 30 15 11 .
: 11 [ AS9-22-3436 |3-9.49 33°40'N | 118°18'W 105/71.5 20 43 | 28 24,2 -
- 12  AS9-22-3437 [3.9.69 | 33°10'N | 116°05'wW 106/72.2 15 30 25 16.7 ' * :
a 13 AS9-22-3248 [3.9.649 | 33°50'N | 105°23'W 105/71.5 30 27 | 18.5 16.0
= 14 AS9-22-3468 [3-9-69 | 22°25'N | 79°00'W 101/68. 8 25 38 | 23 28.1 *
Y 15 AS9-22-3470 |3-9-69 20°50'N | 76°30'W 101/68. 8 30 6 4 2.7 —
e | 16 | AS9-23-3535 3-9-69 13°45'N | 40°28'E 116/79.0 25 15 | 24 19.5 z'cn
; 17 AS9-25-3691 |3-8-69 13°20'N | 80°51'W 118/80. 3 25 30 19 14.1 9%
i 18 AS9-25-3685 [3-8-69 | 19°15'N | 98°38'w 113/76.9 15 45 22 18.5 g; g )
B 19 A59-25-3692 [3-8-69 8°52'N 79°35'W 120/81.7 25 40 24 17.8 % cgnj
20 | AS9-19-3006 |3-9-69 4°20'N | 50°50'W 102/69. 4 25 50 | 21 19.5 -]
i ‘ ~ o) .
: #A - 9‘ cameras mean focal length = 80. 8 mm % ""
: . ® N




Table 3-10,

Apollo Photograph De scription (Set B)

Percent Cloud Amount

; Picture Center ; Estimated
Pictare ; : , Altitude /FOV* Background Computer
“Number |  Frame Number Date Latitude . Longitude (nm) Threshold NASA NR Program
i - AS9-25-3690 3-8-69 14°38'N 90°25'W 116/ 79.6 32 85 65 61.3
2 L AS9-25-3693" 3-8-69 S01°15'N 71°50 W 137/ 94.0 40 90 65 79.5
3 L AS9-20-3164 3+8<69 10°00's 74°00 W 134/ 91.9 18 70 60 63.0
4 AS59-24-3668 3-9-69 L— - 90/ 61.7 50 90 90 96.3
5 - AS6-2-868 4-4-68 32°04'N 62°11'W 119/ 86.1 30 ~94 85 79.2
6 ~AS6-2-870 4-4-68 30°52'N 53°07'W 117/ 84.7 35 83 65 64.5
g © AS6-2-875" S 4-4-68 ©30°14'N 49°55'W 116/ 84.0 23 25 15 20.2
8 ASH=2-878 4-4-68 30°06'N 49°18'W 116/ 84.0 40 10 8.6
9 AS6-2-947 4-4-68 14°09'N - 10°38'W 122/ 88,3 15 70 25 18.1
10 AS6-2-992 - 4-4-68 00°07'N - 10°36'E 139/100.6 35 67 55 47.1
NS B AS6-2-995 - 4-4-68 00°51's 11°55'E 141/102. 1 35 65 50 46.4
2 AS6-2-1001 4-4-68 | 2°43'§ 14°44'E 144/104.3 35 40 40 29.3
13 AS6-2-1012 4-4-68 6°09'S 19°42'E 150/108. 6 35 57 57 51.5
14 AS6-2-1049 4-4-68 17°07'S 37°28'E 172/124.5 62 4 2.5
5 AS6-2-1466 4-4-68 32°42'N 94°51'W 127/°91.9 35 30 20 211
iy AS6-2-1469 4-4-68 32°40'N 93°44'W 126/ 91.2 35 80 78 71,2
S b - AS6-2-1468 4-4-68 32°40'N 93°27'W 126/ 91.2 25 60 50 38.4

'=l=kA,:¥9'mean" f’dcal length = 80.8 mm

Y:; m
g
=
™
B

A-6 focal length = 76 mm
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variation from about 224 by 224 meters to about 450 by 450 meters would be
expericnced for FOV's of 161. 7 to 124. 5 n milcs, respectively,  Similarly,
for Set A, the 1-by-1 element size varies from 125 by 125 miles to

164 by 164 miles.

The FOV of the photographs was determined from the relationship
C = WH/F

where
C is the side of the FOV
W is film format size (55 millimeters for 70-mm film)
H is the alfitude

F is the camera focal length of 80,8 millimeters and 76 millimeters
for A-9 and A-6, respectively. '

3.4.2.2 Threshold Selection Frocedure

The cloud/no-cloud threshold intensity selection procedure to be
applied to the digitized values from the Apollo cloud photographs was
identical to that described in Section 3.3.3.2 for the U-2 photographs,

In the case of the Apollo photographs, ?ho’wever, increased eém‘:phzasis was
placed upon a comparison of facsimile reproductions at selected threshold
values with the original photographs. The slope-change criterion for the
frequency distribution of brightness values was again used in the preliminary
threshold intensity values for the facsimile reproductions. In most cases

it provide a reasonable approximation to the final best value selected.

’I‘hé values of the final threshold intensity values for the s,eylectéd

Apollo photographs are presented in Tables 3-9 and 3-10.

3.4.3 Statistics Gené,ration Procedure

Tkhe‘ cloud ;‘statikstics generation prvocedure for the Apollo pho’tographs
was the same as for the U-2 photographs, as described in Section 3.3, 4.

' The computer program used is completely described in Appendix B,

One additional 'requiremérnf for the Apollo pl‘rib‘fographs‘was the

o necessity to deter,‘rninek the value of the 1-by-l element for each photogrfap}h;
- The FOV for the 1024-by-1024 and 512-512 digitized points varied with
the Apollo spacecraft altitude and the camera focal length, thus resulting in

: dirffe;ﬁe»ifit ,'size;szoi_', the 1-by-1 e-le;mén‘t., ‘Va_lues of this variation were
“di~cussed in the ,’,'pre;Vi‘ofusbv’seétj_bn’f o S B T :

3.57 | |
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~statistics derived for varying sensor re
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The point and arca constraints sclected as inputs to the statistics
generation computer program were 8 points, 4 percent and 4 points,
4+ percent for the Sct A and Sct B photographs, re spectively. It should be
noted that the 8 points for the 1024-by-1024 digitization of Set A corresponds
to 4 points for the 512-by-512 digitization of Set B.

The 4 percent area constraint results;produ‘c_e,.j‘s‘ a clear element for all
those elements in which the cloud cover is less than 4 percent of the

total elemental area, a constraint that seems entirely justified from a

- practical viewpoint. Little or no change in the cloud-free statistics would

result from this area constraint for the smaller elements, but the largest
elements would tend to be reported cloud free in those cases of very small
total cloud amounts. This would normally occur only in the case of very
isolated small clouds.

3.4.4 Resulting Statistics (Apollo)

The cloud statistics derived from the Apoll.o_iphotiographs provide the
variation of cloud-free percentages of the FOV as the cloud-free square
elements vary in size from about 0. 1. kilometer (100 meters) for the
1-by-1 element to the full picture size of about 150 by 150 kilometers.

As in the U-2 photographs, the constraint to be essentially 0 percent
cloud-free at the entire field-of-view reduces the confidence of the results
at the largest-sized elements. From a practical viewpoint, the data

have decreasing validity beyond the 64-by-64 element size for 1024-by-1024
digitization and 32-by-32 for the 512-by-512 digitization.

The computer output format is il;lufsti'af‘;ed in the Apollo sample output

of Figure 3-22. Tables 3-11 and 3-~12 present the statistics extracted from
the computer output for Set A and Set B, respectively. The data derived
are shown for all the element sizes. Data for the largest element sizes,
however, are subject to the limitations discussed above. ‘

3.4.4.1 Set A Statistics

Figures 3-35 t'hrough,3:z37'provide a coniparisdn of the cloud"”"’; 1
solutions for the Apollo Set A !

photographs of low cloud-cover amounts. "As in the U-2 pfhotograpyh |

analyses, the sharpest distinction in the data is the difference between
FOV's that include uniformly distributed l_c_gllula‘.r cloudiness and those

predominately of layer cloudiness or clusters of cellular clouds.

~ The FOV filled with layer ¢19udines‘s ,displa‘ys,the expected slower loss
of clear area as the cloud-free element size increases. Figure 3-32

- _pre sents:_.,curve‘s’that. demonstrate the slower loss oyff,clroud-free“ percentage:
+ ‘typical of layer cloudiness or of cellular cloudiness in clusters rather than

3-58
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FOLDOUT FRAME |

SR FOV - FOV | o}
Number nm x nm km x km i :
1x1 2x2 : 4x4- - 8x 8
Mean ~76 ~141 1 0.14 x 0. 14 0.28 x 0, 28 0.56 x 0.56 1.12x 1.1
1 69.4 126 84,5 83.6 82. 2 81.0
2 90.5 - 164 79. 5 77.9 75.1 71.6
3 73.5 133 77.2 75.0 70. 7 64. 7
4 73.5 133 69,7 67.7 63.9 58. 8
5 73.5 133 71,7 69. 4 65.0 - 59. 2
6 73.5 133 68.8 - 66. 7 63.0 58. 4
7 89. 8 162 78.0 75.4 70. 6 64. 4
8 85. 1 154 84.3 82. 4 79.'6 76,7
9 72.8 132 . 80.4 78.2 74.3 69. 3
10 71.5 130 88.8 87.3 84.4 | 81.0
11 71.5 130 ~ 75.8 74.2 | 71.2 68.0
~ 12 72. 2 131 83,0 80.4 75.7 70.0
13 71.5 130 84,0 82. 6 79.9 76.9
14 68. 8 125 72.0 69. 6 65.5 60. 5
15 68. 8 125 97. 4 97.3 96. 0 94. 8
16 79.0 143 80. 5 78.7 75.4 71. 8
17 80. 3 146 86.0 84.1 '80.5 76. 2
18 76,9 139 ~ 81,5 80.2 - 77.8 - 75.2
19 81.7 148 82.2 80.3 76. 6 72.2
20 69. 4 126 80. 6 79.2 76.9 74.0




FOLDOUT FRAME Z

Table 3-11,

Cl'oud‘;

Cloud-Free Percentage Versus Resolution Element
(1024 x 1024 D1g1tlzat10n 8 Pomt 4%)

2x2 4 x 4 8x8 16 x 16" 32 x32 64 x 64 128 x 128
(| 0.28x0.28 | 0.56x0.56 | 1.12x 1,12 &25x&;5 4.5x4.5 | 9.0x9.0 180x180
83,6 82.2 81.0 78. 4 74,4 68. 6 62.0
- 77.9 75. 1 71. 6 66. 1 57.9 49,0 37.9
- 15.0 70. 7 64,7 54, 6 38.1 22.0 9.6
67.7 63. 9 58, 8 50.9 38.8 26.7 15, 7
69.4 65.0 59. 2 50. 1 38,4 28, 4 19,7
66,7 63.0 58. 4 51,6 42 6 35. 6 29.1
75. 4 70. 6 64. 4 55.9 44,7 32.6 17.2
1 82.4 79. 6 76.7 73. 1 68:4 62.7 54, 4
78. 2 74.3 69. 3 62.3 53.2 | 43,2 28.0 -
87.3 84, 4 81.0 75.3 68,3 | 62. 8 58,7
74,2 712" 68.0 63.4 57.1 | 49,7 38,0
! 1 80.4 75,7 70.0 62.0 51,6 40. 6 29. 9
182.6 799 76.9 72.4 66.7 61. 2 56.5
69,6 65,5 60. 5 53.5 44.5 35.0 24.4
197.3 96.0 94. 8 92.2 88.0 83.8 78. 2
78.7 75.4 | 71.8 66. 4 59.7 | 52,1 44,7
84,1 - 80.5 76. 2 69. 6 60.3 50. 7 42,2
180.2 77.8 75.2 71,1 _ 65,2 57.8 46.0
80.3 76. 6 72.2 65.8 57.5 48,5 - 34,8
79.2 76.9 74.0 68. 5 61.5 46,9 35.0
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| ' FOLDOUT FRAME 3 |
Table 3-11. Cloud Statistics for Apollo Photographs (Set A) =~ - |
A o
be Versus Resolution Element i
gitization, 8 Point, 4%) |
32x32 64 x 64 128 x 128 256 x 256 512 x 512 1024 x 1024
4.5%x4.5 | 9.0x9.0 | 18.0x18.0 | 36x 36 72 x 72 144 x 144
74.4 68. 6 62.0 0 0 0
57.9 49,0 37.9 23.0 0 0
38. 1 22.0 9.6 0 0 0
38.8 26.7 15.7 2.0 0 0
38.4 28. 4 19.7 4,0 0 0
42,6 35,6 29.1 9.0 0 0
44,7 32.6 17.2 - 0 0 0
68. 4 62.7 54.4 42.0 0 0
53.2 43,2 28.0 - 12.0 0 0
68,3 62.8 58, 7 52.0 0 0
. 57.1 49,7 38.0 23.0 0 0
51.6 40. 6 29.9 21.0 0 0
66,7 61.2 56.5 0 0 0
44,5 35.0 24. 4 8.0 0 0
88.0 83.8 78. 2 72.0 0 0
59.7 52,1 44,7 36,0 0 0
60.3 50.7 42.2 31.0 0 0
65. 2 57.8 46.0 33,0 0 0
57,5 48,5 34,8 13.0 0 0
61.5 46,9 35.0 0 0 0
[ ‘
|
3-59,3-60
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 Table3-12. Cloud Statistics for Apollo Phriographs (Set B)

[ Cloud-~Free Percentage Versus Resolution Element
‘ (512 x 512 Digitization, 4 Point, 4%)
L : _FOV - {'IXI Element
- Number | nmxnm | (meters) | 1x1 2x2 4 x4 8§x8 16 x 16 32 x32 64 x 64 128 x 128 256 x 256 512 x 512
b 1 79.6 287 38.7 36.2 932,11 27.6 23,1 19.2 16.9 7.7 0.0 0.0
o A “94,0 340 20.5 19.1 17.0 14. 8 12.0 8.5 3.4 6.0 0.0 0.0
L 3 91.9 333 37.0 34,7 |'31.7 28.8 25,4 22.0 18.3 11.8 0.0 0.0
: 4 61,7 224 3.8 2.8 2.1 1.6 1.1 0.5 0.0 0.0 0.0 0.9
B 86.1 312 20,8 | 17.5 13.1 8.8 4.7 1.0 0.0 0.0 0.0 0.0
6 . 84.7 307 35.5 32.9 28.7 23.9 18.4 11.8 5.0 0.0 0.0 0.0
7 84.0 305 | 79.8 | 77.3 | 73.1 | 68.9 63. 4 56.4 51. 1 42.0 12.0 0.0
8 . 84.0 305 - 91.4 87.7 80.0 69.5 58.3 47.6 35.4 16. 6 0.0 0.0
9 88,3 320 81.9 77.5 69.1 57.9 42,7 32.3 25.7 16. 6 0.0 0.0
, 10° 0 11006 364 52.9 48. 8 41.5 32.2 21.9 13.2 8.0 2.4 0.0 0.0 ;.
1 102,10 370 53.6 49.9 42.7 33.1 22.5 13.4 5.5 0.6 0.0 0.0
; 12 104.3 378 70. 1 65.8 567 44,6 31.2 20.7 11.7 3.0 0.0 0.0 ;
: 13 1108.6 393 48.5 | 46.2 | 41.9 | 36.2 29.7 22.0 14.9 4.1 0.0 0.0 2
) 14 124.5 450 97.5 96. 6 94,6 .92.8 90.0 86.8 84.3 85.2 92.0 100.0 ’ ,
I ~ 15 91,9 333 1 78.8 75.8 70. 6 65.5 58.5 47.8 28.7 7.1 0.0 0.0
?’ 16 91.2" 330 28.8 27.4 24,9 22.0 18.6 14.4 7.8 0.0 0.0 0.0 v g
0\ 17 91.2 330 ' | 61.6 | 58.6 54.1 49.6 43.6 36.3 25.8 5.9 0.0 0.0 N i
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distributed throughout the FOV, Figure 3-38 is the Apollo photograph
AS9-19-3032, which is curve number 1 in Figure 3-35, Figure 3-39 is
the Apollo photograph for curve 15 of Figure 3-36, wherein cellular
cloudiness is clustered into groups, with the overall result of having the
appearance of layer cloudiness. Were this small amount of cellular
cloudiness uniformly distributed through the FOV, the loss in large clear
elements would be much greater. -

Figure 3-37 presents cellular cloudiness, which is more uniformly
distributed throughout the FOV, particularly for curves 3, 4, and 5. The
rapid loss of large cloud-free elements is especially well demonstrated in
curve 3. The Apollo photograph for this curve is shown in Figure 3-40.
Figure 3-41 shows the photograph for curve 6 of Figure 3-37, wherein
the small element cloud-free percentage is less than that of curve 3, but
becomes greater than that of curve 3 at the large cloud-free elements
because of clustering of the cellular cloudiness.

3.4.4,2 Set B Statistics

The Apollo Set B statistics are predominatély for higher cloud amount
photographs and are predominately from Apollo 6 flights. As in the U-2
and Set A statistics discussed previously, the statistics may be crudely
classified as for cellular or lay’eri—t:ype, cloudiness,

Figure 3-42 presents data for photdgr‘aphs of cloud fields demonstrat-
ing cellular cloudiness, Figure 3 =43 presents data for photographs of
cloud fields demonstrating iaYer-typé cloudiness., It should again be noted
_that cellular clouds that are clustered into widely spaced groups rather
than more or less uniformly distributed throughout the picture are best
classified as layer-type. o

3.4.4.3 Combined Apollo Statistics - Extreme Variations

It was shown in the discussion of the U-2 and Apollo statistics that the
least loss in cloud-free percentage as the square element increased in size
- occurred with layer-type clouds. The greatest loss occurred with cellular
- clouds distributed un‘iforrrglly' throughout the field-of-view.

~ The Ap-ollo statistics discussed in the previous sections have been
fitted for the extreme variations because the cloud type at the midpoint of
Category 2, 3, and 4 cloud amounts. These extreme variations are
illustrated in Figure 3-44, 5 ‘ [

‘These data for thé ‘Apollo photographs will be c’dmbined_in:,ak subsequent,
- section with similar data for U-2 and ESSA photographs. R o
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Figure 3-38. Apollo (Frame AS9-19-3032) Photograph Print
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Figure 3-40. Apollo (Frame AS 9-20-3112) Photograph Print
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Figure 3-41, Apollo (Frame AS 9-20-3114) Photograph Print
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. 3.5 ANALYSIS OF ESSA PHOTOGRAPHS 1
| |
R 3.5.1 Description of ESSA Photographs |
ok 3.5.1.1 General
f The ESSA photographs analyzed were from ESSA 7 and ESSA 9 reels
W of film for the year 1969. The reels were obtained from the National
! - Weather Records Center. The set chosen for analysis contained the grid
'y lines of latitude and longitude.
: —~ 3.5.1,2 b>election of Photographs
= A rather thorough survey of the ESSA photographs centained in the
3 film reels was conducted to select 30 photographs for analysis. The
f characteristics sought in the final photographs included a variety of total
RERL cloud amount from various geographical locations and seasons, The final
T e choice of ESSA photographs is shown in Table 3-13, The following
; - characteristics are depicted for each picture:
~ 1. Assigned picture number
2. Satellite number designating particular satellite ;fi

3. Date, time, and season photograph was taken
4. Geographic coordinates of the center of each picture -
5. Percentage of the picture ocy,cupie.d byland and water

; All these picturesWere made in 1969, Table 3-13 indicates that more
- pictures were selected in the northern hemisphere to concentrate on the

United States because of its pertlnencc to the ERTS objectives,

The 30 p1ctures selected were taken on ESSA 7 and 9 f11ghts after
careful study and screenmg of about 1000 f11m frames. -

3.5.2 Digiti»zation Procedure
3.5.2.1 Di gi_tizatiorr

‘ The method of d1g1t1zat10n is identical to that explalned in Sectlon 3. 3. 3
for the U2- photographs A 512 x 512 dlgltlzatron grid was used in conjunc-,,
t1on with a 159 x 159 square segment of the unit sphere. The resultant

= 1 x l grld elemont is (1. 75 be 1 75 nautlcal m11es) or (3.3 x 3. 3 kllometers)

[ ‘,ﬁ : HEI K e A2
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. Table 3-13.

DesCriptive Data for the ESSA Film Frames Selected

Selected
o Orbital ‘Geographic Location Land/Water
Pic’ture' Satellite Pass of Picture Center Percent
{ Number Number .. | Number Date Time Season Latitude Longitude Ratio
1 7 10 1/15 0955 Eq 0° 750E 5%/95°
2 7 11 1/15 1136 Su 40S 60E 0/100
3. 7 2 1/15 1717 Su © 558 20W 0/100
4 7 3 S 1/15 1925 Su 158 16W 6/94
5 7 6 271 0038 w 15N 150W 0/100
6 7 9 2/1 0628 W 25N 115E 65/35
7 7 '8 1/20 0507 w 35N 130E 30/70
8 7 3 1/20 2027 w 35N 100W 95/5
g 7 4 1/20 2222 W 40N 120W 55/45
10 9 3 4/10 1841 Sp 40N 80w 100/0
1l 9 4 4/10 2023 ~Eq 5N 90w 6/94
12 9 4 4/10 2015 F 208 80W 10/90
13 9 3 4/9 1929 Sp 20N 80w 20/80
14 9 3 4/2 1806 F 358 45W 18/82
15 9 3 7/1 2005 Su 35N 96 W 75/25
L6 9 3 7/3 2011 Su 45N 100W 10070
17 9 4 7/3 2154 Su 10N 115W 0/100
18 9 '3 7/4 1906 Su 20N 75W 15/85
19 9 3 7/5 2010 Su 35N 95W 90/10
.20 9 '3 7/6 1913 Su 35N 80W 60/40
21 9 3 7/6 1900 ~Eq 5S 65W 0/100
22 9 4 7/6 2112 Su 50N 115W 93/7
<237 9 3 7/10 1908 Su 10N 70W 30/70
24 9 4 7/10 2121 Su 60N 125W 85/15
25 9 3 10/1 1948 F 35N 90W 85/15
26 9 3 10/5 1943 F 10N 80W 35/65
27 9 3 10/6 1842 ~Eq 108 65W 5/95
28 9 3 10/7 1954 F 35N 90W 80/20
29 9 4 10/13 2134 Sp 35S 00w 0/100
30 9 3 10/14 1847 Sp 20S 60W 0/100

"All Dates for 1969

1 %eason Symbol
Winter 13%
Spring Sp
Summer Su
Fall ¥
Equatorial Eq

s
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and the total digitized FOV is (900 x 900 nautical miles), The FOV was
constant for all pictures because the film used was reduced satellite data
with reference longitude and latitude points. Through the use of a standard
arca template overlay, the FOV was standardized for each picture digitized,

3.5.2.2 Threshold Selection Procedure

The method used to select the cloud/no-cloud thre shold for film was
transmitted light intensity. As each ESSA 35 mm film frame was selected,
a 7- x 7-in. copy was made for later comparison with digitized tape
facsimile photo to aide in threshold intensity selection. The threshold was
efficiently selected by a combination of techniques including:

1. Comparison of film frame 7- x 7-in. print and a 5- x 5-in.
facsimile plot of the digitized intensity data

2. Slope discontinuity criteria for the intensity cumulative frequency
histogram

3. Estimated cloud-cover percentage

Unlike similar methods, this approach provides permanent data that
could be used later to resolve unanticipate errors and conveniently verify
the threshold selections. Initial thresholds were sufficiently accurate to
require generation of only one additional facsimile plot for verification.

On five of the 30 selected pictures, three facsimile plots were required.
The ESSA film is a black and white positive film, and the extreme intensity

“values of 0 and 63 correspond to clouds and background, respectively,

The selected thlesbolds for the 30 ESSA film frames are listed in
Table 3-14. Intensity values greater than threshold value denote
background or cloud-free points. Specific geographic and time data for the
pictures listed in Table 3-14 are tabulated in Table 3-13,

3. 5‘.‘3 Statistics Generation Procedure

- The method and associated computer program used to generate ESSA

~ cloud-free probability statistics as a functlon of element size are descr1bed
. in Sectlons 3 3.4 and Appendlx B. :

Po1nt and area constramts for 11ne cloud segments and cloud elernents

- were systemat1cally selected as 15 points and 4 percent, respectively.

The point criteria will have a negligible effect except for the case of
isolated small clouds (small relative to a FOV of 900 x 900 nautical mile s)

| "vThe 4 percent area criterion will re sult in 1n51gn1f1cant error effects

c o SD 71311




: Tza’ble 3-14, ESSA Film Frames (Picture) Cloud-Free Percentage . . - . i

Percent : , __ : LT ,
o ‘ i : Cloud Amount - ‘ Cloud-Free Percentage Versus Resolution Elements - ’ EEE o {
e Picture 'Background : B I ] o R . T %
e Number | Threshold | Estimated |Computed | 1x1 [2x2 |4x4 |8x8 |16x16 |32 x32 |64 x 64 128 x 128 | 256 x 256 [512 x 512 R {
1 37 23.0 24.0 76.0 [73.3 169.2 |64.2 56.3 45.5 34.2 20.1 0.0 0.0 o
2 37 | 4l.0 43.7 56.3 [54.0 | 50.7 | 46.7 40.1 30.0 17.0 3.0 0.0 0.0 .
ey 3 28 0 f 72.0 - 58.4 41.6 [37.1 | 31.9 |26.8 20.9 14. 6 7.6 1.8 0.0 0.0
g | 4 32} 5000 53.6 46.4 {42.7 | 37.2 |31.2 23.0 13.1 3.8 0.0 0.0 0.0
Tjg ; 5 40 35,0 42.1 57.9 | 54.1 | 48.8 | 42.5 33.9 22.6 11.4 3.6 0.0 0.0 T
; 6 22 87.0 75.1 24,9 119.9 | 15.4 | 11.3 6.7 1.7 0.0 0.0 0.0 0.0 et
{ 7 35 60.0 50.1 49.9 | 46.8 | 42.8 | 38.8 33.2 25.9 17. 6 6.5 0.0 0.0 :
£ i 8 35 | 50.0 61.6 38.4 {35.9 | 33.3 |31.1 28.2 24.5 18.5 7.7 0.0 0.0
L 9 35 - 40.0 - 47.9 | 52.1 |48.4 | 43.6 |38.7 32.7 24.3 12.5 1.2 0.0 0.0 :
SRR R 1) 35 40.0 36.1 1 63.9 [61.3 | 57.7 | 53.5 47.6 39.7 28.8 14.2 0.0 0.0
i o1 300 S 30,0 20.0 80.0 | 77.7 | 73.9 | 69.2 62.0 | 52.8 40.9 28.4 8.0 0.0
12 1T 65.0 . 50.0 50.0 |44.3 | 39.3 | 35,1 30.2 23.2 12.0 1.8 0.0 0.0
13 L 35 25,0 | 24.3 75.7 | 72.9 | 68.7 | 63.9 56, 8 46. 4 34.1 16.0 0.0 0.0
14 35 35.0 13.7 86.3 |83.0 | 78.3 [72.9 | 64.7 | 52.1 38. 8 29.0 0.0 0.0 S S
Lo 15 42 - 20.0 14.8 85.2 [82.9 | 78.8 | 73.6 65.3 53.0 34,2 14. 4 0.0 0.0 oL UAL IR
w16 .40 3200 31.7 68.3 [65.6 | 61.3 |55.6 | 47.3 | 36.9 27.0 10.7 0.0 0.0 kI S j
R 17 40 40.0 41.1 | 58.9 |55.6 | 50.9 |45.0 36.3 23.4 11.4 1.2 0.0 0.0 R I §
=~ s 47 50.0 12.0 88.0 | 86.0 | 82.3 |77.5 69. 4 55. 8 36.6 21.9 4.0 0.0
o : 19 1 43 0 25.0 23.0 77.0 | 74.4 | 70.0 | 64.6 | 55.8 43.5 27.7 12. 4 0.0 0.0
L 20 45 50,0 25.0 75.0 |72.9 | 69.4 | 65.1 58. 6 50.0 38.5 29.0 8.0 0.0 .
21 43 - 27.0 21.1 78.9 | 76.2 | 71.4 | 65.0 55.0 41.5 26.4 17.8 0.0 0.0
22 40 - 65.0 56.9 43.1 [39.3 | 33.6 | 27.3 19.9 11.2 3.4 0.0 0.0 0.0
23 47 . 25.0 - L 34.7 65.3 | 62.0 | 57.1 [ 51.2 42.9 31.3 16.9 1.2 0.0 0.0 o
24 40 60.0 46.9 - | 53.1 |49.1 | 43.5 | 37.8 30.9 22.9 14.5 5.3 0.0 0.0 !
, 25 40 | 45,0 41.1 58.9 | 56.7 | 53.0 |48.7 42.5 33.5 22.0 9.5 0.0 0.0 ”
2! 26 40 25 25.1 74.9 | 72.3 | 68.0 | 62.5 53.5 39.7 19,26 8.3 0.0 0.0 "
O 27 45 50 44,4 55.6 |53.3 | 49.8 [ 45.3 38.4 28.2 18.0 5.9 0.0 0.0 ‘ |
~ 28 50 25 28.6 71.4 169.5 | 66.4 | 62.8 | 56.8 | 46.7 31.6 16.0 4.0 0.0 ’__ 1
' 29 45 [ 35 18.2 81.8 {79.0 | 75.0 | 70.8 63.8 51,9 33.3 19.5 0.0 0.0 ' |
W 30 50 35 46.3 53.7 150.9 | 46.8 | 41.9 34. 6 23.8 11.2 0.6 0.0 0.0 d
i '-“Rebolutmn element cloud threshold parameters g g
e Linear length = 15 points I 0
:® - % resolution cloud area> 4 g g
#*Maximum intensity = 63 g < -
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because the minimum computed total cloud cover is 12 percent (Table 3-14)
which is substantially greater than 4 percent of any individual element.

3.5.4 Resulting Statistics (ESSA)

Cloud statistics derived from the ESSA composite photograph cloud
pictures provide the FOV cloud-free percentage as of function of the elements
for sizes of 3.3 x 3.3 kilometers up to 1280 x 1280 kilometers. Since the
minirnum cloud percentage is 12 percent for the ESSA pictures, all the
statistics will approach zero cloud-free percentage for the total picture FOV,
This limitation restricts the valid range of the computed data to the element
size range corresponding to 64 x 64 points or less)., The computed cloud -
free percentage versus resolution element size is listed in Table 3-14
for the 32 selected ESSA pictures (see Table 3-13),

3.5.4.1 Resulting Statistics Versus Cloud Category

The computed cloud free statistics in Table 3-14 have been grouped
by cloud-free percentage for the basic or minimum element size (1 x 1 grid
point = 3.3 x 2.2 kilometers). Three categorie s used for data group are
(1) greater than 65 percent cloud free, (2) 45- to 65-percent cloud free,
and (3) less than 45-percent cloud free. Plots of the data by category are
depicted in Figures 3-45 to 3-47 for Categnries 2 through 4, respectively,
Except for picture numbers 19 and 26 in Figure 3-45, the curves for
Categories 2 and 3 exhibit uniform slopes per each category, thereby
showing relatively small effects due to cloud type variation (e.g., layer
versus cellular). However, the effects of cloud clustering are evident in
the curves for cloud Category 4 in Figure 3-47, Nominal or mean curves

- were constructed from Figures 3-45 through 3-47 by visual inspection,
These nominal curves are shown in Figures 3-48 through 3-50. The next

step is to combine the data for the different categories,
3.5.4.2 Composite ESSA Statistics

By visual interpolation, the curves in Figures 3-47 through 3-50 were
~combined to form composite curves, The composite curves are depicted
in Figure 3-51, These Curves represent nominal or mean values. For the
ESSA data, the variation in slope with cloud type was much smaller than in

~the smaller resolution element data of U-2 and Apollo. Because of this
 small variation with cloud type for the larger resolution elements, only
nominal curves are presented, These curves should be interpreted linearly

- on the ordinate scale for intermediate value S.

o These ,Vc'o‘mposiytfeﬁ‘s’ta.'tist"ic‘s Were:‘ sub seqﬁently ‘co,'mbinvéd‘ with similar
nominal statistics for the U2 and Apollo r‘e,‘sol,utionelernentv, range.
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Figure 3-45. ESSA-Category 2 (>65 Percent Cloud Free)
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3.6 COMBINED STATISTICS

Data {rom U-2 (Figure 3-33), Apollo (Figure 3-44), and ESSA
(Figures 3-48 through 3-50) were combined as illustrated in Figure 3-52,
The dashed lines in Figure 3-44 denote the extreme envelopes as a function
of cloud type and the solid lines denote the nominal values for each cloud
category. The combined data curves and the basic data curve segments
are illustrated in Figure 3-52, The component curves are compatible and
fit well at midrange of the U2 and Apollo data. Although the fit is not as
good at the Apollo/ESSA interface at about seven kilometers, it does show
a relatively smooth transition. The solid curves in Figures 3-52 and 3-53

‘represent the combined values representative of each cloud category and

each 10 percent intervals, respectively, These resultant statistics define
the effect on the cloud-free area percentage of resolution element statistics
for the range of 0.03 to 200 kilometers, When augmented with the U2 and
Apollo envelope data, these data completely define the sensor resolution

~effect as a function of cloud -free resolution elenent size.

3.7 CONCLUSIONS AND RECOMMENDATIONS

l. There is a large percentage increase in cloud-free area within
a given FOV with decrease in cloud-free resolution element size
(increase in resolution).
L
2. The rate of increase in cloud-free area with increased resolution
is less for layer -type cloudiness than for cellular -type cloudiness
in the mid-range of element size (Apollo curves).

3. The increase (gain) in cloud-free area is relatively small for
cloud-~free resolution elements from 300 km to about 30 km;
relatively large from 30 km to 1 km; and relatively small at
‘smaller resolution element sizes.

4, The resolution interval of ma ximum gain in cloud -free area is
| ‘a function of the FOV total cloud amount and cloud spatial
, d1str1but1on. ‘

- ,Future probablhty-of -seeing a.nalyses for ERTS should utilize

the var1atlon in cloud-free area as a funct1on of resolutlon element
s:Lze and cloud -type (spa.tlal dlstrlbutlon)
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4,0 CLOUD REGION HOMOGENEITY ANALYSIS (U.S.)

The objective of this phase of the study was to evaluate the validity of
the homogeneous cloud regions of the United States for ERTS probability-of-
seeing studies. Maximum ERTS interest lies in the Chesapeake Bay, Phoenix,
and the Feather River areas. Emphasis is placed upon these locations.

4.1 DATA RESOURCES

The homogeneous cloud regions used in the probability-of-seeing
analyses were delineated in Reference 2 and they are illustrated for the
United States in Figure 4-1, The cloud statistics of Reference 2 were
presented for each of these homogeneous regions. The unconditional cloud
statistics for each region were for a single station selected as being repre-

. { sentative of the entire cloud region. For the homogeneous cloud regions of o
. . the United States, the following informaticn is applicable: '
m; Homogeneous Cloud Region (U, S. ) | Representative Station
Bk : :
" ‘1 1 Dhahran, Saudi Arabia ‘
; 2 - Tripoli, Libya | )
4 o , Tampa, Florida
5 , - Lios Angeles, California
8 : - Mountain Home, Idaho
11 , i Belleville, Illincis
13 e R Ship D, Atlantic |
18 , - San Francisco, California
19 . - Shreveport, Louisiana

As a first step in checking the validity of a single station's statistics
for the U, S. homogeneous cloud regions, a survey was made of the sum-
- marized cloud statistics available within the National Climatic Center of the
; Env1ronrnenta1 Data Service, at Ashev111e -North Carolina. The U.S. cloud
- statistics of interest consist of hourly (or three hourly) frequency distribu-
~ tions of cloud cover amounts for each: month of the year, for periods of at"
least ten years. The most appropr1ate data are published as Uniform
-~ Summaries of Surface Weather Observations, Part A (prepared from hourly ;
R ;yobservatlons) , E1gure 4-1 presen s results of the survey to 1dent1fy stations -
in the U.S. that have at least ten years of such data. From these approxi-
mately 150 stabluns, umform or rev1sed umform summar1es of sky cover

L SDTLe31L
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for 60 stations scattered evenly throughout the U.S. were acquired and used
in frequency distribution comparisons. It should be noted that the revised
uniform summaries present the cloud amount frequency distributions in terms
of relative or percentage frequencies, the most useful form. The uniform
summaries' data are for frequencies only and had to be converted to per-

centage frequency data.

4.2 COMPARISON OF FREQUENCY DISTRIBUTIONS -
STANDARD-SIZE AREAS

4,2.1 General

Figure 4-2 illustrates a comparison of the frequency d1str‘ sutions for
all of the 29 homogeneous cloud regions of Reference 2 for 1000 LST, August,
Although the shapes vary with time of day and with season or month, it is
possible to generally describe the frequency distributions as having an L,

M, U, or J shape. These descriptors will be used in subsequent discussion.
Figures 4-3, and 4-4 present the frequency distributions for 1000 LST,
January (winter) and July (summer) for the five largest (areally) cloud
regions of the U.S. (2, 8, 11, 18, and 19) and for Region 1, which contains
the Phoenix area of special interest to ERTS., Distributions for these U, S.
regions demonstrate the wide seasonal differences that occur.

The 1000 LST, winter distributions of Figure 4-3 show the J distribu-
tion typical of high amounts of overcast skies for all regions of the U. S,
except for the southwest desert regions of 1 and 2, During summer, how-
ever, the entire western U.S. (1, 2, 8, and 18) shows the L distribution
typical of high amounts of clear skies, while the eastern U.S. (11 and 19)
~still shows relatively high percentages of overcast and broken cloud amounts.

4, 2.2 Frequency Distributions Within Cloud Regions

A cursory survey of the frequency distributions was rnade for the
‘entire 60 selected U.S. stations. A more detailed analysis was made for
the three regions of greatest 1nterest to ERTS stud1es (Chesapeake Bay,

Phoen1x and Feather Rlver) i

qures 4-5 through 4-8 demonstrate the var1at1on that occurs for
serected stat1ons, times, and seasons in Region 11, In gene1a1 the poorest

agreement with the Region 11 data (Bellev111e, Ill1n01s)| occurs at Grand Island

~and Cheyenne the stations near the west end of the region. Cheyenne, in
partlcular demonstrates poor agreement at all four times/seasons illus-

- trated. Surprisingly, Washlngton, D.C., shows a better agreement with the

Bellev111e data than does Des Mo1nes, Wh1ch is much closer. All the five

SD 71-311 -
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- Figure 4-3. U.S. Homogenous Regions 1000 LST - January
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stations selected are within #2° latitude of the center latitude of the stations.
The best seasonal agreement for the five Region 11 stations are nighttime
(2200 LST) in the winter (January). The poorest was daytime (1000 LST) i
summer (July). The poorest agreement was at the clear and overcast cloud
amounts,

The diurnal variation is particularly large at Cheyenne in the summer.
There the greatest frequency (of the five stations) occurs in the daytime
(1000 LST) but the lowest frequency (of the five stations) occurs at nighttime
(2200 LST). Region 11 statistics (Belleville) show the opposite diurnal trend,
or lowest clear at 1000 LST, and high clear at 2200 LST.

The extreme variation of the frequency of clear skies at Cheyenne and

Grand Island at 1000 LST in July (39 and 35 percent) compared with Region 11

(Belleville) and Washington (13 and 14 percent) should be noted.

The survey of frequency distributions within the other U.S. cloud
regions similarly showed a great variety of distributions according to time-
of-day, geography, or season. These variations produced distributions
which 'fitted" the data for the cloud regicn (representative station) at some
lccations, times, and seasons and others that did not. The inescapable con-
clusion was that unconditional frequency distributions for individual stations
within the U. S. cloud regions should be used in preference to the "repre-
sentative station'' data. Of course, for worldwide areas, where a coverage
of data similar to that of the United States is not possible, such as the oceans

~and underobserved land areas, the cloud regions of Reference 2 provide a

most useful concept and the most appropriate data for use in probability-of-
seeing studles In addition, for studies requiring conditional cloud statistics,

the individual station data are 1nadequate since no such data are available.

The use of the cloud region data of Reference 2 for the conditional statistics

is therefore necessary. Current efforts are being made by Allied Research

under a NASA-MSFC contract to update the data of this reference. Such
updated data should be used in preference to that of Reference 2 when they

~become avallable.
4.2.2.1 Chesapeake Bay Area

- Cloud frequency data for the Chesapeake Bay Area (Washlngton, D. C. )
were compared with Region 11 data (Belleville, Illinois) in the previous :

section, and a fair agreement was noted For detailed probability-of- seeing

~studies, however, an 1mprovement in the accuracy of the probability values ~

would be achleved by using the uncondltlonal cloud stat1st1cs from |

. Wa. shlngton, D C.

4-11
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s Uniform Summary of Surface Weather Observations, Part A & B, is
available for Washington, D.C. /Andrews AFB at the National Climatic

Ry Center, Environmental Data Service, Asheville, North Carolina. Figure 4-9
presents an example of the basic data format. Table 4-] presents a summary
of the percentage frequency distributions for selected months and times of
day as derived from the basic data.

ST
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f Table 4-1. Selected Cloud Statistics* for Chesapeake Bay Area e
; Month
SR and Time Cloud Category
1000 LLST 1 2 3 4 5 Mean Tenths
Jan 16.6 10.8 6.1 19.6 46.9 6.7
Apr 15.0 . 15.2 7.2 23.7 38.9 6.3
July 14.2  16.5 10.3  31.4  27.6 6.0
T Oct 26.4 16.3 8.5 16.5 33.3 5.2
2200 LST
Jan 31.0 10.2 5.9 9.7 43,2 5.5
Apr 31.7 12.9 5.3 -12.9 37.2 5.2
July | 25.2 19.2 10.0 19.1 26.4 4.9
Oct , 44.7  12.2 4.0 11.2 27.9 4.1
'.‘ g All Hours
Jan 23.7  11.0 5.1 14.5  45.7 6.1
Jeas Apr 21.3  13.6 6.3 20.1  38.8 6.0
el July 16.0  16.9 11.6 29.2  26.3 5.7
5 Oct 33.9  13.6 6.3 16.1  30.1 4.8
o All months | 23.4 14.3 7.4  19.6 = 35,4 5.6
: }::Percentage freque’ncies, unéonditional, "standard-siz’e‘areas"

| 4.“;2.‘2,.2’ PhOenix A.r‘eai

- As may be seen from Figure 4-1, the Phoenix area is located just inside
homogeneous cloud region 1 and near the boundary with cloud region 2. For
this reason, a comparison was made with stations in both regions. - Stations
for Region 1 were the representative station (Dhahran, Saudi Arabia) and

el el el s e
, ,, SD 71-311
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' 185 33 17 20 ;32 33 238 5.5 3050 558
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Yuma, Arizona. Stations for Region 2 were the representative station
(Tripoli, Libya) and El Paso, Texas. Both Yuma and El Paso are near the
center of the U.S. portions of Regions 1 and 2, respectively.

Cloud frequency distributions for the Phoenix area were derived from
the Sky Cover portion of the Uniform Summary of Surface Weather Observa-
tions for Phoenix, Arizona (Luke Air Force Base). The derived percentage
frequencies for the standard cloud categories are presented in Table 4-2,
and in Figures 4-10 and 4-11. It may be noted from the figures that for both
daytime (1000 LST) and nighttime (2200 LST), and for all four seasons, an
Li-shaped frequency distribution occurs except for a U-shape in the winter at
1000 LLST. Additionally, the consistently higher frequency of clear skies in
the transition seasons of spring and fall should be noted. Finally, the higher
frequency of clear skies at night (2200 LST) than in the daytime (1000 LST)
should be noted. ‘

,f.ETable 4-2. Selected Cloud Statistics* for Phoenix, Arizona Area

Month and Time Cloud Category
1000 LST 1 2 3 4 5 Mean Tenths
I
Jan 0 32.8  12.9 4.3 23.1  26.9 4.9
CApr 52.1 13.9 5.2 17.0 11.8 3.0
 July 33.2  24.9 7.8 22.6 11.5 3.7
Oct 57.6 15.2 5.1 17.5 4.6 2.3
2200 LLST
Jan | 4.6 17.2 6.4 18.3 13,5 3.3
Apr | 65.5  12.9 1.0 10.8" ' 9.8 2.1
July | 285 19.8 7.3 24.4  20.0 4.5
Oct { 69.6 13.8 5.5 7.4 3.7 1.4
R ~All Hours R | , o -
Jan 40.8 14.5 5.9 18.1  20.6 4.0
cApr. - | 541 14,1 6.4 14.5  11.0 2.8
July = 32.0 23.6 9.8 21.4 13.2 3.8
 Qet 1 63.9 14.8 5.3 11.9 4.2 1.8
- All months | 54.3 - 1.6 6.1  14.3 9.6 2.6

- *Percentage frequencies, unconditional, standard-size areas.

4-14
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Figures 4-12 and 4-13 present a winter (January) and summer (July)
comparison of the Phoenix area cloud statistics with Region 1 and Region 2
stations at 1000 LST. ' In the winter, the three U.S. stations of Yuma, o
Phoenix, and El Paso show fair agreement with each other but a considefably
smaller agreement with either Region 1 or Region 2. All three U.S. stations
are essentially U-shaped, whereas Region 1 is L-shaped, and Region 2 is
M-shaped. In the summer, Regions 1 and 2 are distinctly L-shaped with'a
great deal more clear skies than at the U.S. sté.tibnis (Regions 1 and 2 are
approximately 66 percent clear, whereas Phoenix is 33 percent clear). Yuma
is L.-shaped, Phoenix is L/M-shaped, and El Paso is M-shaped. These vari-
ations indicate the necessity of using single-station data when they are avail-
able rather than homogeneous region data.

4.2.2.3 Feather River Area

The station selected as being representative of the Feather River Area.
is Fresno, California. This area is in homogeneous cloud Region 18.
San Francisco data have been used as the Region 18 representative data.
Other Region 18 stations selected for comparison are Sunnyvale and Edwards
Air Force Base, California. el o :

Table 4-3 presents cl"’c;u"d'frequency data for *the—f‘eather River Area as
derived from the Uniform Summary of Surface Weather Observations, Sky
Cover for Fresno, California. S B = T

Figure 4-14 demonstrates the seasonal variations in fthg Feather River
Area at 1000 LST. The outstanding feature of the distribution is the extreme
variationfrom summer L-shape, when skies are clear an extremely large
percent of the time (>80 percent) to the winter J-shape, when overcast skies
predominate (>60 percent):. Fall is also L-sh_aped, whereas spring is a true
- mixture with-a U-shape. | LT |

The gdﬁg,r?nal ya.‘riiati.gn for this area is illustrated for winter and summer
in Figures 4-15 and 4-16. The summer distributions stand out for their very
small diurnal variation, but clear skies even more dominant in the nighttime
(2200 LST and 89 percent) than in the daytime (1000 LST and 80. 6 percent).
The winter distributions also show relatively little diurnal variation with =z
 maximum variation of 2200 LST/28.5 percent to the 1000 LST/12.4 percent

occurring for the clear category. T B s - e

[ g

: The variation of cloud statistics within Region 18 is illustrated in
Figures 4-17 and 4-18. All of the four stations exhibit an L-shape in the
~summer (July) but the variation of the percentage occui‘ren'ce of clear skies _

~ is quite large, ranging from a high of 80.6 percent in the Feather River Area
~ (Fresno) to a low of 44. 4 percent at Sunnyvale. There is also a surplus in

4-17
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Table -3, Sclected Cloud Statistics™ for Peather River Arca
Month and Time Cloud Catcgory
1000 liL_’ 1 2 3 il_ § Mecan Tenths
Jan 2.3 8.7 4.8 12.6 61.6 7.6
Apr 38.0 16,3 5.0 20.7 21.0 4.2
July 80.6 8.7 2.9 5.8 1.9 0.9
! 4.5 12.0 13.6 2.6

Oct 61,8 3.

2200 1LST

Jan 28.7 10.0 2.9 10.9 47.5 5.9
Apr 59.0 'L.0 4.7 10.0  15.3 2.7
July 89.0 5.5 1.6 3.2 0.7 0.5
Oct 74.5 7.7 2.6 7.8 8.4 1.6
All Hours
Jan 20.3 9.6 3.9 14.0 52.3 6.7
Apr | 47.9 13.6 4.7 15.6 18.2 3.5
July 1 82.6 7.9 2.1 5.8 1.7 0.8
Oct 66.7 9.3 3.2 10.8 10.0 2.1
All months | 55.5 9.7 3.4 11.4 20.0 3.2

*Percentage frequencies, unconditional, standard-size areas.

clear sky frequency of about 25 percent in the summer for the Feather River
Area (80.6 percent) over Region 18 (59. 8 percent), and probability-of-seeing

‘values using Region 18 statistics would 'be far too low fot the Feather River

Area. In winter, Feather River Area, Region 18, and Sunnyvale exhibit a

- J-shape, but Edwards AFB, which lies across the Sierra range from the

other stations, exhibits a greatly different shape, is best class1f1ed as a

U= shape Again, the desirability of determining probability-of- -seeing values
s gtrom locallzed stations when posmble is demonstrated

‘4 3 COMPARISON OF PROBABILITY OF - SEEING RESULTS

l 00- NM ARFAS

For the most useful comparlson o;E the variation of the probablhty of-

*f;'seelng results for ERTS that may occur within U, S cloud reglons, the basic
stat1st1cs for standard -size areas were converted to 100-nm statlstlcs before.&f'
fh'puse in the various probablhty of - seeing programs Agaln, the probab111t1es
~ Wwere. der1 ed for three areas of 1nterest to ERTS

o 4.25 S
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4.3.1 Single-Look Viewing

The perfect-resolution probability of seeing all (100 percent) of an
area of 100 by 100 nautical miles in a single look will vary directly with the
variation in the occurrence of clear skies. The values for the three selected
ERTS locations and their corresponding cloud regions for N = 5 passes in
January and July at 1000 LLST are pres;e,nlt.e.d in Table 4-4.

As may be Scen from Table 4-4, the iprlobabiljties for ggCheSapeake Bay
are in fair agreement with those of Region 11, as would be expected since the
cloud statistics were shown in Section 4.2 to be in fair agreement. Corre-
spond_i,ng agreement between other stations in Region 11 would be less
favorable. -Similarly, the a,greei':r}eni.l ojf the other areas of ERTS interest
(Phoenix and Feather River) is poor, as would be expected from the cloud
distributions discussed in Section 4. 3.

4.3.2 One- or Two-Look Viewing

~ For illus tration, the probability Q‘f‘seeing‘g5o, 70, and 90 piferc;eint or
more of an area of 100 by 100 nautical miles for selected numbers of passes

is presented in T'a:blze 4-4. Results illustrated are for 1000 LST in July.

,The good agreement for lr'e’sultrs' for C’iiésapeake Bay and the relatively

~ poor agreement of results of Phoenix and Feather River with their respective

Region results. is again illustrated in the table.

4.3.3 Continuous 5Viewing (Monte Carlo)

~—=The probability,,df seeingl90 pefCent; or mgfé of ;a;n_,a;,;e-é of 100 by
100 nautical miles in five independent passes in the continuous viewing mode
(a look is made on every.pass) may be used to illustrate the variation in ‘

‘pr‘obability-of;-sfe‘e;ing results for the selected ERTS locations and their

corresponding cloud regions. A comparison is presented in Table 4-4 for
1000 LST,July,:,WM Bt ‘ ‘ - ;

4.4 CONCLUSIONS AND RECOMMENDATIONS

‘ ~ The fbllowing C'Oncl‘l‘1§iohs_maind'recbwm endations have been drawn from
~ the analyses described in the preceding sectionsy-— 7 o

1. ForERTS pr_oBébthy-of"-jrseeingf?"a‘fhaflyse s for localized areas,
~ cloud frequency distribution data from the nearest representative
~ station should be used in preference to the data for the homogene-
ous cloud region in which the area is located S
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Table 4.4. Comparison of Probability-of-Seeing Results,

100-nm Areas

A. SEEING 100% IN SINGLE LOOK IN 5 PASSES AT 1000 LST

Location
Chesapeake Bay
Region 11
Phoeriix
Regionl

Feather River
Region 18

Freq of Clear Skies Probability, Percent

Jan. July Jan. July

12.0 11.0 47.
10.0 10.5 41.

44,1
42.5

83.
99.

99.
97.

O

30.00 30.00 83.
40.00 60.00 92.

9.0 75.0 37.
17.0 52.0 60.

o O | o
U O O =

B. ONE OR TWO LOOKS, 1000 LST, JULY

>50% of 100-nm 270% of 100-nm >290% of 100-nm

Location N=1 N=5 N=10{N=1 N=5 N=10|N=1 N=5 N=10

Area -~ Area : Area

Chesapeake Bay|42.5
.3
2
1

Region 11 ' 44

Phoenix 71.
Region 1 88.
Feathér River 93.
Region 18 83.

¥>99.95

o~ o

96.9 30.
97.5 30.

92.9 % 57.
S - 3% 78.

88.9 99.2|17.5 88.9 92.7
-90.0 99.4 (17.0 90.0 92.8

99.0 % [39.1 95.9 99.9
3 o sk 66. koo S

1
7

[79.0 = s
8

Lan A
" rhy

WO AN NO

!, 1
ES 8 7 sk xR
A
!,
e % k. 58 99.5 %
. .

71.

C. CONTINUOUS VIEWING DURING FIVE PASSES

JANUARY lOOO LST

S 'gocafi011 .
Che skape‘aké : Béy "
Region 11

Phoenix
~Region'l

~ Feather Ri‘ve‘r :

= .,";Reclon 18

\»99 2

50,0 or More ©70% or More ~ 90% or More
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8.6 79.4 63,
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1

In the absence of sufficient data for the prveious recommendation
(as over ocean and underdeveloped land areas), the homogeneous

cloud region concept and data provide the best source of cloud
statistics. o

JpS—

Since only‘t’mcohditi'onal cloud értatistics::a‘r-é available for localized
areas, the use of the homogeneous cloud region conditional statig=
tics are recommended for ERTS analyses requiring such data. .

Results of current contract efforts to improve the basic homoge-
neous cloud region statistics should be incorporated into future
probability-of-seeing analyses.
A d;ata bank consisting of card or tape data for a large number of
U.S. stations should be developed in preference to a smaller
number of subdivisions of the current U.S. homogeneous cloud
regions.
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5.0 NEW TECHNOLOGY
)

Two reportable technology items consisting of the Probability of
Seeing Computer Programs (Appendix A) and the Cloud Free Resolution
Element Statistics Program (Appendix B) have been submitted through the
Technology Utilization Department of the North American Rockwell Space
Division,

These items were submitted in accordance with Article IV.of the
subject Contract (NAS5-11231) for this study.

5-1
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o ~‘Effect:s of Sensor Spatla.l Resolution on Estlmates of Cloud Cover From
o 'Satellltes Goddard Space thht Center. o

“‘"“_,_ly'Zi.jApollo 9 Prehmlnary Plottlng and Index1ng Report Mappihg Sc’ienc"e s
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APPENDIX A. CLOUD STATISTICS ADJUSTMENT AND ENLARGED
FOV SEEING PROBABILITY COMPUTER PROGRAMS

This section describes the analysis equations, FORTRAN variables
equivalenced to analysis variables, logical operations, and the input data

format for the clouds statistics adjustment and probability-of-seeing
computer programs.

The relationship between the programs and resultant computed output
are depicted in Figure A-1.

Subsequent sections will document the program's content, capability,
and method of utilization.

A.1 ROUTINE FOR GENERATION OF BASIC CLOUD COVER DATA
TAPES FOR ENLARGED FIELD OF VIEW

A.l.1 kGeneral

, The basic cloud statistics are those compiled at the Marshall Space
Flight Center. They consist of the percentages of cloud cover for five cloud
categories from an observation point at eight times a day; the percentages
of cloud cover for the category for 24 hours later; and the percentages for
given and resultant categories for an area 200 nautical miles away from the
observation point. The data were collected for 29 representative cloud
regions earthwide and for 12 months.

In this section the analysis and FORTRAN v’ariablé names are
synonymous. SR '

This routine performs three functions (See Table A-1);

1, ,Génerationbf‘ba sic cloud sktafi’sticks for standakrd area on an
unformatted tape with 32-bit standard IBM S360 word length.
~FEach record contains the constant scale factor, month and region

“numbers, unconditional statistics for eight times of day, temporal

statistics for five conditional categorie s. Thé;statistigs are
‘sequentially written on the tape for the five cloud categories.

SD 71-311
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I1e-1L AS

€V

RN o
1 FnaTRAy gy

nnAy

'75hnqz',
NN

oeng
nnns
onnng
-~ non7
nnfna
L0009

on1
012

Con13
o0ls
~onis

0016
B0} b A
0n18
0N019.

L0020
0021
-NN22.
0023

1

Table A-1, Computer Program Listing - Basic Cloud Cover Data

j‘ SEOND(29,5,5), UNCLS,8), nnNn(s,s), PININT(5,5)
CPNIMENSTON KAHERE1S,5), Mn(12), MREG(29Yy ‘
SDATA keMERF Y, P9 29 2y 3, L2 2 04Tl Gy, 292y I Ny b,

L& , = Ay 2, 4, 472@: P39 4y 4y 4y 5/

REWIND 8 S

- REAIND o

REWIND 10 o
RFAD (S5, 1) SNIST, MNMAX, NRFG
FORMAT (F12.Ry 216)

HWRITE (6, 920°0) Sprst

9001 FNRMAT ('1v, 1nx, scLnyn COVER RAW DATA FNR ENLARSED AREA NF¢,

a0

FT.2y ' N, M)

CWRITE (6, 2)

e i Lo
4 FORMAT-C1X, T34 71X, T3, 2%, 12y 1%, 375,71, 1X, 5F5.1, 1%, S5F5,.1)

2 FORMAT [ 40M0. RFG CAT', 3X,. *HNCONDT TIONAL PROJABILITIFES Y, 14X,

x o 'COMR, TEMPORALY, 12X, 'GONDITIONAL SPATTAL!) e
FORMAT (ne) = ’ i '

So= 1.2

GFNERATE TAPE NF ORIGINAL CLOUD NATA AND EXPAMDFD AREA
SRR e IM = ], MOMAX
00100 TR = 1, NREG -
10 I1C = 1, 5

READ (5, 6, ENMD=]PS)

* .

ATEMPORUIR, 1C,J)y J=1,5), (COND(IC,Jd), J=1,5)
6 FORMAT. (1%, 212, 1Xy 18F2,n) S ;

MO(IM) = vM
CMBEGIIR) = MR : ;
CWRITE (R) 5, MM, wo, 1C, CUNCLIC,KT), KT=1,8),

i

MM, MR, (UNCLIC,XT), KT=1,9),

(il

G LEVFL 1, M9n 2 MA TN NMATE = 701n4 11/33/37
r CALCULATION AND STORAGE OF CLOUD COVER DATA NN TAPES cLODoNLe
c TAPE R = RAW DATA STATISTICS FNP 12 YNNTHS, 29 RFS5IINS cLApnn2n
c AND THE CLOUD CATERPRIES cLepon3e
c TAPE O — RAW DATA FNR EXPANSINN NF A2FA cLepnngn
c TAPE 12~ CUMULATED DATA NF CLOUN CIVER FRD EXDANDED AREA cLpnnose
o : SR | : CLODNOAN
: PRAL ko4 MEAN(20,12,a), DAY(20,12), NIGHT(?a,]17), MONTH(29,12), CLNPIDTN
* WINTER(29), SUMMER(29), $PRING(29), FALL(29), cLnnnngn
o U ANMIIAL L 2G), CSUNENE29,12,8,5) - COTL20,12,5,8), cLODNNON
* CSTANI2951245,5), SUNCON(29,5,3), TEMPOR(29,5,5), cLnnolan
" ‘

cLonnie
cLonnian
cLnNpol13e
LoDl 40
cLonn1soe
cCLINOLAD
cLannyr7o
cLonn19n
cLopnion
cronn2nn
cLonozin
cLnnon220
LLnno2an
cLonn24p

S CLann?2sn

cLonn2an
cLope27e
cLopn2an
cLnno29ne
cLonn3Ino
cLang 310
cLODOo320
cLannN33o
CLONN 340
CLODN35N
CLODN3AD
cLono3rn
cLennN3aT?
cLNpnt74
rLonnian

DAGE nnn:

Y

IIEMOOL] UBouBWLIY YHON

UOjSIAIQ aoedg

T T TR
e et T .
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_ Table A-1. ¢

-DO AR ) 17 ]

)

-~ FORTRAN TV 6 LEVFEL .1, Mnp-p , M«lw NATE = 70104
T * (roPnP(rw.xc.J’. J=1+5), (COMDUIC,9), J=1,5)
24 10 CONTINUE L —
0025 PO 1S 16 = 1, 5
ND26 nnoo1l KT o= p, 8
an2r L1 SUNPAN(TR,IC,KT) =N,
S 0nrR PN 18y =y,
- n0ze V5 SCONDUIR, I0,0) = £ 0
‘ LG e :
S S ~ SCALT FAND. SPATIAL FOR EMLAPGEN APEA
Ay RATIN = .SNIST /7 2nn,¢
neay IF  (PATIN | RT, 1.0)_ 561 TN 3n
nN3o ne 25 v =1, 8 ‘
SN0 NG 28 = 148
- 0N34 T (J JFD. 1) GO TO 20
0135 Sf”ND(IP'!.J) = ATIN % COND{T, )
B L 6N TN 28 ‘
— N03T 20 SCNNDUIR I, 0) = 100, - RPATIQ (100, — CONDCT,J)
L1aNaAR 25 CONTINGE ' o ‘
039 5010 60
o ¢ , ‘
gar co ARFA ﬁifATED THAN 26n N, M,
- 0940 o3 DR8N 6 =1, §
. n041. NN an g =1, 5
NN JRO= Y
- 0nay o TE (1€ .FQ. J) 6N TN 35
. 004  SCONDUIRFIT, J) = RATIN * COMDIIC,J)
1n04s Ir (srnmn(ro.xr.J)» GTe UNF(IC.I)) 57T 45
nn4s 60 rn 40
00AT 35 STONNCIR,IC,J) = 100. - RATIN #(170. — CONPCIC,J)
- No4n TF lsrnwn«ra,lc J) LT UNCUICH!Y) 60 TN 45
0049 40 CONTINUF o ty T
nNoson. Lo 60 TNo8. : :
0osy A5 DN 46 UH = JR, §
. NNs2 46 SCONDCIR, ICoJdH) = UNCITIC,T)
.00853 e SO‘CDNTINUC - '
, c
R N s COMPUTE UNCONDTTIONAL DISTRFRUTIONS SCALFD T SPIST
0Nss S 60 DD RN KT 2, o
nos5s o ks IC =\1, 5

11733727 -

cLONO39N
cLONNGNN
cLANN4LN
CLODO42N
CLODN430
CLNNNG4D
CLONY4SN
CLOD04A0
cLODN4G 7O
CLONN4GAD
cLNDN49N
£1.0Dn500
fLONDSIN
CLNDOS?27
rLODNS2N
CLONNS40

CLNDNS60
cLONO570
CLODNSAN
cLononsan
cLANDBNN
£LONNGY O
LLODNG 2N
CLODOA3N
CLONOKAN
CLODNGSN
CLOD0SAKD

rnprese
cCLONNG90

. CLonoToe

cLopnT1n
cLnnnT2n
cLnnor3n
CLODNT4N
cLonpn7sN
rLonn7SsN
cLonoarIn
crLopnT3n
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Iab’le A-~1., Computer Program Listing - Basic Cloud Cover Data (Cont)

. FORTRAN TV G LFVEL 1, MND 2 MATN PATE = 70194 11733737 PAGE 0pN:
o ops?T 65 PJDINTILIC,J) = UNCIIC,KT) * SCONDITIR,TC,Jd) /7 100.0 CLonnTsn
4o nose m 70 1€ =1, 5 . cLOnosen
. oose ~ SUNCONUIR,IC,KT) = 0,0 | CLODOR1N
joooneen ho 70 1 =1, 5 CLODOB20
L 0okl o 70 gy =1, 5 o CLODOB3N
U one2 o TE UKWHERE(T4J) oFO. IC)  SUNMCONCIR,IC,XT) = PJOINT(T,4) cLonnsan
N ; L X S+ SUNCON{IR,TCyKT) P : CLONORSH
D063 . T0 CONTINUE i o L cLNnoaen
o 11)Y 80 CONTINUF ‘ CLNDORTD
L0665 o CWRITE (6, 3) ' cLOnogs’e
. 0P0B6 DO 90 IC = 1, S | | £LODNBAN
i [ 0061',‘ : o WRITE (64 4) MM, MP, IC, (SUNGON{TR,IC,KT), KT=1,8), cLODNANN
E Rl R T X UTEMPORITIR,ICsd)y J=145)y (SCOND(IR,ICyd)s J=1,5) : cLnnogln
ol ; '»ﬂﬁﬁﬂ ; e o WRITE (9) MM, MR, IC, (SUNCON(TRIC,KT)s KT=1,8), e e e CLODDQ20
e % (TEMPOR(IR,ICsJ)y J=1,5), (SCOMD(IR,IC,d)s J=1,5) CLODO93Q R P
.k»‘nooq © 90 CONTINUE CLNDO0940 L e T
o070 ; 100 CONTINUE , S . CL0OD0950 e e e
i o - ' CLOD096KD LT
LoQ0T2 .END______!LF Q I R : . A ’ cLopo9se PO
0073 . REWIND 8 CLOD0990
0074 | REWIND 9 ~ cLOD1000
SRTERE O R o ‘ , cLOD1010
0 ; c ‘COMPUTE CUMULATIVF DISTRTBUTIONS FOR ENLARGED AREA cLop1o20 o TR |
o L T T AND STORF ON TAPE 10 CLOD1030 IR S
" S 0ara . . DO LBe M= 1, MOMAX.. . {iop10so o - S Lok
o 0076 AN 110 IR = 1, NREG CLOD1NSO ‘ .
4 0077 - - PN 110 IC = 1, 5 | | CLON1060 >_ |
- oot - READ (9} T11,12,13, (SUNCON{IR,IC,KT), KT=1,R), , ' cLopiorce ' {
e 0ty o x (TEMPOR(IR.IC.J). J=1,5)y (SCOND(IR,IC,J), J=1,5) CLOD1DRO ’ |
' oopor9 110 CONTINUE | | cLON1090 9
L0080 :. DQ_120. IR.= 1. NREG e CLODIMOO 3B
008 - PO 120 KT.= 1, R CLOD1110 ] } 1
b 0082 L MEANTIR,IM,KT) = 0, ?o*SUNan(IR.z.Kr) + 0.45%SUNCON{TR,3,KT) CLOD1120 g'c, |
e T * +0, 75*SUNCON(IR 4+KT1 + SUNCON(IR, s.Kr) cLopllie . < - ~ |
- o083 : 120 CONTINUF T | CLOD1140 ) | )
. . 00R& b0 130 IR = 1, NREG - ‘ ' CLOD115C 8 I %
o ‘;w,wnn&iﬂiAw. ~ .. DAYULIR,IM) = (MEAN(IB;1M431 + HEAM(IR:IM:&) + MEAN(IR,IM,5) = CLOD1160 §_ ' f
g e * 4 MEAN(IR,IMy6) ) / 4.0 A , cLoON1170 . z ‘ >
o086 S  NIGHT(IR,TM) = (MEAN(TR,TM,1) + MEAN{IR,IM,2) + MEAN(IR,IM,7) cLODLYIBR 3 ;
7 : I , J R, -
— .
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ANLTRyIM,8) ) / 4.0
MONTHOTR, TM) = (DAYITR,IM) + NIGHT (IR, Tv) ) 4 5. n
SN135 1R = ), NRER . e
o135 KT'= 14 8 g
FSUN(N(IQ,TG;KT.ID =VSUNCnN(‘eryKT)
CSUNCNETR, TM,KT, ?) = CSUNCNOTIR,IM, KT, 1) + SUNCON(TIR,?,KT)
CSUNCNUTR, IM,KT,3) = CSUNENET25TM, €T, 2) % SUNCAN(IR,3,KT)
CSUNCMUIR, IM,KT, 4) = CSUNCMITR, T4, KT,2) & SUNMCONCT 0545 KT)
CSUNCNETP, IMyKT,8) = 1Rrn,n ; S
DN 140 IR = 1, NRER i
M 140 10 = 1, &
COTLIR, IM,TC,1) = TEMPAR(TR, [r, 1)
COCESCON(IR, IM, 10, 1) = SCONNUIR, I, 1)
NN 136 g =2, 5 T - 3
LOTLTIRGIM, [C W) = CCTHIR, IMy IC,U=1) # TEMPOR({IR, IC, )
CSCONCIR, IM,IC,J) = CSCONCTR ¢ IM,IC, J-1) + SCANDIIRLIC,J)
CONTINUE oy ‘
CONTINDE - ' §
IF IMOMAX (LT, 12) Gn TR 179 s N
DO 1600 IR = 1, NREG. L ; )
WINTFR(TIR) = (MONTHUIR, 1) + MONTH(IP,2) + MONTH(TIR,12)) / 3.0
SPRING(IR) = (MONTH(IR,3) + MONTHUTIR,4) + MONTH(IR,S5)) 7 3.0
SUMMER [IR) = (MONTH(IR,q) + PONTHUIR,7) + MONTH{IR,8)) / 3.0
FALLUIR) = (MANTH(IR,9) + MONTHITR,12) + MONTH(IR,11)) /7 3.7
ANMUALITR) = (WINTER(IR) + SPRING(IR) + SUMMFED (TR) + FALL(IR))/ 4.0
WRETE (6, 1710~ SPIST - ' ;
FORMAT (t1, 10X, *CUMN ATTVF NISTRISNTIONS €0R FXPANDED AREAY,
* FBe2y ¥ NyM, ')
FNRMAT {(vne, 7x, TMONTHY, 4)
FNRMAT N MEAN CLOUD CNVER FA9 POGINN', 13/ (SX, 3FIN.2))
FNRMAT KZX,"CUMULAT!VFNUNCDNDITYQNAL DISTRIBUTINANS /7 (5X%,8F1n.21)
FOPMAT (2X, *CUM. CONDITINNAL - TEMPNRAL YL (S5x, SFLA.2}))- -
FORMAT (2X, 'CUM. CONDTITIONAL - SPATTIAL'/ (5%, S5F10.2))
NN 180 IM = 1, MOMAX
NRITE (&, 172) wmn(IM) P -
T 177 1P = 1, NRFG DL ‘
CWRITE (A, 173) MREGUIR) y (MFANCTIR,IM,KT), KT=1,8)
WOLITE (5, 174) HCSUNCNIIR, TM KT, 11y, KT=1,42), If=1,5)

Table

 FNBTRAN TV G LEVEL 1, #op >

dei + ME

WRTTE (6, 175)

A-1,

MAIN NATE = 7Nn104

RETCIR VTG 1C, 3), J=1,5), IC=1y5)

Computer Program Listing - Basic Cloud Cover Data (Cont)

11723737

cLnplian
cLoni2nen
cLon121n
rLnn122n
cLNn1230

cLNN1?28n
CLOD12A0O
cLon127n
cLnnlyan
cLNn129n
cLnniz2ng
cLNDl310
cLontaze
CLOD123n
CLOD1340
cLNn13sn
CLOD136N
CLAD137N
cLoniz2ge
CLOD1390
cLon1snn
cLonisLn
cLNDt42n
CLND1430
CLON1440
CLID145N
CLOD1 460
CLNDI 4T
CLONY 48N
cLant1490
cLonisnp
cLani1syn
rLon1s?2n
cLON1S30
CLON154D
CLOD1550
cLonisec
cLNp1s7n
ri.nNn158an
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179 EORMAT (2x,

183 FORMAT (5X, 5F10.2)
19 WRITE. (10}

,Ta'ble‘ A-1., Computer Program Listing - Basic Cloud Cover Daixz (Cont)

CMAIN DATE = 70104

O WRITF {6, 175) ((CSCONTIR, IM,ICyJb, J=1,5), If=1,5)
177 CONTINUE : ‘

WPITE (6, 178) (DAY(IR,IM), TR=1,NPEG)

178 FORMAT (10 DAY AVERAGESH/ (5%X; 10F6.2))

CHRITE {6, 179) (NIGHT(IR,IM), IR=1,NRFG)
'RY NIGHT '/ (5X%,. 10F6.2)}

WRITE (64 1811 (MONTHCIR,IM), IR=1,NRFG)
121 FNRMAT (2X, tRY MONTH!'Z (5X, 10F6.7))

180 CONTENUE ~

TR AMAMAY LT, 12)

| GO TO 190
WRITE (6, 182} |

182 FAPMAT (0 SFASONAL - WINTFER, SPRING, SUMMER, FALL, AND ANNUAL ")

WRITE (6, 183}
¥  FALLUIR), ANNUAL{TR), IR = 1, NREG}

AWINTER(IR), SPRING(IR), SUMMER(IR),

(CO{CSUNENTTR, FM,KT,1C), IR=1,NREGY,
¥ IMSL,MOMAX), KT=1,8), IC=1,5) . _. R
‘ CWRITE (10) ((((CpT(lR,!M,!C.J), IR:[.NREGL,,IM=1.MOMAX).‘
Sk IC=1,5), J=1,50 |
WRITE (10) (L((CSEONLIR;EMyTC,J), IR=1,NREG),
o lﬂ;l,MDMAX)JﬁIC:1,S)y Jd=1,5) :
(WRITE (10)  (UL{MEANCIR,IM,KT), IR=1,NREG), [M=1,MOMAX), KT=1,8),
¥ AMOCI), T=1,MOMAX), (MREG(J), J=1,NREG) |

WRITE (10) ((DAY(IR,TM), IR=1,NREG), IM=1,MOMAX),

TR e e e e emye e S 0 e e b ot e e o er

11733737

cLop1sa9n
cLanl1enn
cLantevo
CLOD1620
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CLOD1ABD
cLNn1s90
cLnol7No
cLonp17io

CLODL720

cCLODIT30
cLanN1740
CLDDL750

CLOD1760

cLop1770

cLopiano

. CLOD1810
cLOD1820

CLan1 780
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*  (INIGHTUIR, M), [R=1,NREG), IM=1,MOMAX), | TLOD1830
o X ‘.l(%QNTH(IQLLulLWL&ELLNBEﬁllmlﬂilL&QﬁAKLwV_W G e cLonlsas |
IF (MOMAX .LT. 12) 60 T0O 200 CLOD1840 ‘
WRITE (10) (WINTER(IR), IR=1,NREG), - CLOP1RSO ’.. .
X (SPRING(IR), IR=1,NREG}, (SUMMER(IR), [R=1,NREG), cLON1860 4 :
% (FALL(IR), TR=1,NREG), (ANNUAL(IR}, TR=1,NREG) CLAD1ATO : |
200 CONTINUE § i | CL0D1880 i
. END ETLE 10 . e e el _._.CLOD1S9O_ . 38 |
~ REWIND 10 E £LOD1900 8 ,1
sTp CLOD1910 § o L
END e i CLOD1920 §.g: -
_ S & ¥y
‘ 1 8 |
N . : 1



Tablyef A-1, Computer Program Listing - Basic Cloud Cover Data (Cont)

 FORTRAN IV 5 LEVEL 1, von 2 o MAIN ~ DATE = 70104 11/33/37 PAGE 000/

R L SCALAR MAD o -
0 SYMBROL - LnCATION SYMRNOL  LNCATION Syuany LACATIAN SYMANL LOCATINN SYMROL L0t
R SPIST ... _ . 288 S MOMA Y ‘ 28C . NRFQ 29n S 294 ™

E R LA R Y 1o B 1o - PANL g 204 MO 2A8 KT
R o 280 . PATIN 2864 T 2R8 JrR 28¢ JH
oon 2c4 | B 2ra 13 CC ,

P T N i ARRAY ‘MAD

S Symam LOCATION  syMpnp LOCATION SyMang LOCATTIN SYMRAL LOCATINN SYMADL. L0

CMEAN. L onn 2 pAay 2€5n NIGHT 3300 MONTY © 3930 WINTER :

SUMMES . apgg - .ooseRING L. 3pag. FALL . 2FFC ANNAL - 4070 CSUNCNY - .«
CCT o 11me4 . cston 1A254 ©OSUNCON. | 22 K44 TEMPOR 23C64 SCOND e
e 285300 L COND 253AC o PJININT - 25410 - - KWHERF 25474 - MO 2¢

i

G e SUBPROGRAMS CALLED _ | U D
SYMROL— - LOCATION™ "~ symanL LOCATION SYMROL. . LNCATION  SYyMBOL  LacATION S SYMBOL Lo R TR
TRCOMA ‘,?557-3(3 o R IR :

C eumame o T ENRMAT STATEMENT MA P N
CSYMROL.—  LNCATIAN symany LOCATINN SYMRNL LOCATION Sywvang LOCATINN SYMROL L0t S -
1. 258s8p 49701 - 25589 127 255C6 3 2561F 4 2!
LN P 5646 I 171 © 255855 L L 25692 173 2?5642 ' 174 2!
15T 5707 176 1 25732 i 173 2575€ ‘ 179 25778 181 2!
o182 - 287AD 1813 - 257F¢
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‘ Space Division
North American Rockwell

2. Adjustment of the unconditional statistics for enla rged field
of view (FOV) and generation of statistics on another binary
tape. The tape is written exactly as that for the basic cloud
statistics with the unconditional statistics replaced by the
adjusted values.

3. Generation of cumulative cloud statistics for enlarged FOV
on a binary tape. These statistics are cumulative for
unconditional, temporal, and spatial conditional data. Also
generated are data for average cloud cover according to day
time, night time, month, season of year, and annually.

A.1.2 Program Variable Definitions in FGRTRAN

Subscripts are:

IM = month number (maximum of 12 = M@MAX)

IR = region number (maximum of 29 = NREG)

IC = cloud category number (defined as 1 through 5)

KT = time of day index, 8 observations, where

KT =1, 2, ..., 8 means LST of 0100, 0400, 0700, 1000,
1300, 1600, 1900, and 2200, respectively

J = conditional cloud category (defined as 1 through 5)

Arrays of statistics are:

UNC(IC,KT) = basic unconditional statistics for any month
~and region ‘ :
TEMP(DR (IR, IC, J) = basic conditional temporal statistics (24
. ~hours later)
C@ND(IC J) ‘basic conditional spatial statistics (200 nautical
mlles from center of viewing area) :
SUNC@N (IR, IC, KT) = unconditional statistics for enlarged FOV
o SC@ND(IR,IC,J), = conditional spat1a1 statistics for enlarged
; N FOV ~
'PJQ’INT(IC, J) : Jomt matrix used to compute P(ab) :
KWHERE(IC, J) = locator matrix used for SUNC@N computation
,(JSUNCN(IR M, KT IC) = cumulat1ve uncond1t1onal stat1st1cs
o S for enlarged area o SR
= CC-’T’(IR, IM‘, IC, J)v = cumulatlve (,ondltlonal temporal stat1stlcs
~ for enlarged area ~ o
SC@N(IR IM IC I) cumulative condltmnal spat1al stat1st1cs
. for enlarged area o ‘

D T8l
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‘ Space Division
North American Rockwell

M@(IM) = month number of data from card input; these may not
be in order
MREG(IR) = region number for which set of statistics is
applicable; these may not be in order

MEAN(IR,IM,KT) = hourly mean cloud cover for enlarged area

DAY(IR,IM) = average day time cloud cover for enlarged area
(LST = 0700, 1000, 1300, and 1600)

NIGHT(IR,IM) = average night time cloud cover for enlarged

area (LST = 1900, 2200, 0100, and 0400)

MONTH(IR, IM) = monthly mean cloud cover

WINTER(IR), SPRING(IR), SUMMER(IR), FALL(IR),

ANNUAI(IR) = seasonal and annual average cloud cover for
each region

Input constants are:
SDIST = distance between centers of new area of viewing
MOMAX = number of months to be used
NREG = number of regions to be used

A.1.3 Computation of Cloud Statistics for Enlarged FOV

First the KWHERE matrix, which is constant, is set up.

The ycon’stants (SDIST, MG@MAX and NREG) to be used to control all
calculations are the first input. ’

The first major section of computations is for month IM of M@MAX
months and region IR of NREG regions. The process begins by reading
the five cards corre sponding to the categories (cloud cover = 0 percent,

20 percent, between 20 and 45 percent, between 45 and 75 percent, and
100 percent), each card containing the following parameters:

MM = month number of this set of data stored in M@(IM)
MR = region number of this set of data, stored in MREG(IR)

- UNC(IC,KT) = unconditional statistics for the eight times of day
TEMPQR(IC,J) = conditional temporal statistics o
C@ND(IACV,J) = conditional spatial 's‘tat:ikstics -

'~ This set of parameters is stored on the basic area size tape as input.
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‘ Space Division
North American Rockwell

Then the spatial conditional statistics are scaled for the enlarged area,
as follows:

If SDIST < 200 nautical miles, the elements on the
diagonal (I = J) of the SCOND(IR, I, J) matrix are o
SC@ND(IR, I, J) = SDIST /200 [COND(I, 7)) and for the off
diagonal elements (I # J) SC@ND(IR, I, J) = 100 - SDIST/200
[100 - coND(, J)} where J=1;2..., 5 conditional categories
andI =1, 2..., 5 cloud category indices,

But if SDIST > 200 nautical mileék, the process differs 'slightly:

ForIC=1, 2..., 5 cloud cafegory, and J =1, 2.,., 5
conditional category, JR is set to J for later use, If IC = 7J,
the diagonal elements are computed by

SDIST
200

SC@ND(IR, IC, J) = 100 - [100 - c@nND(IC, 7))

but if SCGND(IR, IC, J) is less than UNC(IC, 1), the elements of
SCOND(IR, IC, JH) are set equal to UNC(IC, 1) where

JH = JR, ...5. On the other hand, when IC # J, the off-
diagonal elements are: |

SCOND(IR, IC, J) = SDIST/200 - C@ND(IC, J) and if
SCOND(IR, IC, J) > UNC(IC, 1) then the elements of
SCOND(IR, IC, JH) are replaced by UNC(IC, 1) for
JH=JR, ...5. |

The next sequence of calculations performs the scaling of the new
unconditional distributions. . ST ‘
. o L | - =
The PJGINT(IC, J) matrix is formed by UNC(IC, K T)*SC@ND(IR, IC, J)/
100. The 100 is to keep units consistent in percentages. The

PIQINT(IC, J) is formed for one LST at a time. Then the new unconditional
statisti¢s are calculated for the KT time, using the KWHERE matrix as ‘
- follows: | ,

The SUNCQN(IR, IC,KT) is initially zero. Then for I = 1,
...5and J=1, ..,.5, if KWHERE (I, J) = the IC cloud category,
~ then SUNCON(IR, IC,KT) accumulates the corresponding '
- PJQINT(I, J). The process continued for all five cloud

categories (IC) and the eight times of day (KT). s

The final step of this section of computations stores the MQ(IM),

- MR(IR), IC, the new scaled unconditional statistics SUNCGN(IR, IC,KT),

TEMPQR(IR, IC, J), and the new scaled spatial conditional statistics |
~ SGQOND(IR, IC, J) for all five cloud ‘c'ate%;gorie's on another tape (9). The
- above process continued for all NREG regions and MQMAX months,

' SD 71-311
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MG}MAX:months, IR =1, ..., NREG regions, KT =1, ... , eight times of
~ day and the five cloud categories where for category 1, B o B

‘ ' Space Division
North American Rockwell

The next major section of this routine computes the cumulative cloud
distributions and the various types of means, using the above-computed
statistics for the enlarged FOV. These calculations depend on the origianl
input cards being in order according to month number. Also, all 29 regions
and-all months should be included in the input data set.

First all adjusted statistics for the IMth month of MQ@MAX are read
from the newly created data set (tape 9). Then the mean cloud cover by
hour (KT) for the IR region and IM month are computed by

MEAN(IR, IM, K T)

0.25 SUNCQ@N(IR, 2,KT)
t 0.45 SUNCON(IR, 3,KT)
+0.75 SUNCON(IR, 4,KT) + SUNCON(IR, 5,KT)

The day time and night time averages follow:

Day(IR, IM) =% E MEAN (IR, IM, j) for j = 1,2, 7 and 8.

J
Monthly average is simply

MONTH(IR, IM) = %[DAY(IR,IM) + NIGHT(IR, IM)]

The seasonal averages then are computed by use of the monthly

averages, Thatis,

WINTER(IR) :% [MGNTH(IR, 1) + MGNTH(IR, 2) + MGNTH(IR, 12)]

The other three seasonalyc‘loud cover averages are similarly computed
with the monthly regional averages used. For spring the month numbers

used are IM = 3,4, and 5. Summer uses IM = 6, 7, and 8. The nominal

regional averages are then the arithmetic mean of the seasonal averages,

The last set of calculations performed by the routine for adjustment
o‘fkcloud statistics is the accumulation of the scaled unconditional, temporal,
and scaled spatial conditional statistic S. ' ' ‘

, : : o - Lo , .
The cumulative unconditional statistics are computed for IM =1, .,

¢y

o CSUNCN(IR, IM, KT, 1) = SUNCGN(IR, 1,KT).

~ CSUNCN(IR,IM,KT,j) =) _

. andj=2,3,4, and 5.

For. cé.tegor'ie"s- it

SUNCGN(IR, j, XT) + CSUNCN(IR, IM,K T, j-1)

SD 71-311




‘ Space Division
' North American Rockwel!

The cumulative temporal conditional statistics, CCT (IR, IM, 1C,7J),
accumulate TMPQR(IR,IC,J) in the same fashion as above. Also, the
newly scaled spatial conditional statistics, SCQND(IR,IC, J), are
accumulated likewise into CSCON(IR, IM, IC, J).

After these above calculations have been completed, the three types
of cumulative statistics are written on tape, which are followed by the
various averages. All of this is also printed for the user's information,

A.1.4 Input Data Specifications

Card " FORTRAN Variable Definition and

Sequence Nomenclature Limitations 'Format
1 SDIST Diameter of new area El2, 8, 216
(FOV in nautical miles
MGMAX Number of months (=< 12)
NREG Number of r'egions (=29)
MM Month number for five - | 1X, 212, 1X,
card data set : 18F2.0
(5 cards)* | MR Homogeneous region
' number for five-card data
set
UNC(IC,KT), Unconditional cloud cover
KT=1,8 { probability for eight time
' points - 8 :

' TEMP@R(I‘R‘, IC, J) ‘Temporal conditional
J=1,5 | | probability for five
‘ conditional categories

C@ND(IR,IC,J) | Spatial conditional
J=1,5 | probability for five
S | conditional categories

Comment* [~ o The set of five cards is
e e | o indexed by IC = 1,5, which
~ corresponds to five cloud
cover categories

The 'fi,ve; 'car'd' 5'e ts are
- rep‘éa;ted‘ for e‘aCh‘r‘egion
(529 regions)

A-13 SD 71-311
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Card FORTRAN Variable Definition and
Sequence Nomenclature Limitations Format
Comment Another group of five-card
sets is used for the second
month (MM) until completion
of the five-card data sets
Last card / and * in card colums 1 and
2, respectively

A.2 SINGLE-LOOK ROUTINE

A.2.1 General

The single-look routine computes the probability of seeing 100 percent
of an area in N independent passes. The basic relationship used in this
routine is (See Table A-2), ‘

| :N‘
Ps = 1 -[1 -P(l)]

where

P = desired probability of success, or seeing 100 percent
of an area in a single look

P = relative frequency of clear skies (Category 1)

(1)

[ 1 [
11 - P(l) N = probability of failure of seeing 100 percent of an area in
, one look : LRI
| N = number of passes

Theh, N maykbke determined by |

o 10‘g“[i1‘¥P]_'
e 'P:;)J
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11¢-12 ds

STI-V

16002
0003 ¢
0004

0005

- 0006

0007
. 0008 -
0009
0010
0011 -

0012

0013

- 0014
0015

0016

0017
0018

0019 .
0020
0021
0022
- 0023
0024

Table A-

. NPLUI) = UM
15 CONTINUE

AX

2, Com puter Program Listing - One Look

PLIL)y (NGJI9Idy PS{JyI),y, J = 1, JMAX)

LEVEL 1. MOD 2 MAIN DATE = 70104 20/00/43
c - . PROGRAM T0 cunpure_xﬂe PROBABIL[TY OF -AT -LEAST ONE PASS KLARQO10
C WITH CLEAR SKIES IN'N PASSES = . | KLARDO20
B A e KLARDO30
~ DIMENSION SUNCON(29,8412), PS(3C05100), NP1L100), Pl(lOO)p KLARQO40
e ~ PTM(29), REG{29), NDUM(4), TX(18), TY(18), XKLAROO50
o ~ TTOP(18), TR{18) KLARO0O60
- DIMENSIDON TIME(8)
REAL * 4 N(300,100) ' ' S KLAROO70
DATA . TX/ 7% 'y *NUMBER OF PASSES?!, 7%t . ... s/, KLAROOSBO
® L TY/ 4% 'y 'PS PROBABILITY OF SUCCESS OF CLEAR_ SKIES?,
* 4% */y TR/ T¥° 'y *CLOUD REGION®, 8% v/ ~ KLARO100
‘DATA  TIME/ *0100*, '0400°', *0700*, *1000°, *1300°', '1600°, ‘
~ * g *1900°, *2200¢/ o o
c : KiLARO110
T RENIND 10 KLARO120
c ) ' § T B ‘ KLARO130
o NTAPE' IS EITHER-THE BASIC UNACCUMULATED STATISTICS GR THAT KLARO140
C FOR _THE EXPANDED AREA. FIRST NDM WORDS SKIPPED. KLARO150
C - o 'KLARO160
1 READ (5, 2, END= soo» NTAPE, NDM, INPOPT
o 2 FORMAT (1Z2i6) - e e - KLARO180
' _REWIND NTAPE _ . KLARO190
DO 10 IM = 1, 12 i g KLAR0200
DO 10 IR = 1, 29 D KLARO210
DO 10 IC =14 5 . KLAR0220
IF (IC .NE. 1) GO TO 5. ' KLARO230
READ (NTAPE}  (NDUM(I), [=1,NDM)y (SUNCON{IR,KT,IM), KT=1,8%, KLARD240
* (TEMP, J=1,5)y (SCONDy J=1,5) KLARO250
GO .70 10 ’ KLARO260
5 READ. (NTAPE) (NDUM(I), I=1,NDM) KLARO270
10 CONTINUE - KLAR0280
- IF (INPOPT .NE, 0) GO TO 20
G s -
c INPUT THE PS, Ny AND Pl FROM THE NOMOGRAM
i READ (S5y 3) (TTOP(I), I =1, 18} ’ P
~ WRITE|(6y 4) (TTOP{(I)y I = 1, 18)
DO 15 I =1, 100
READ (10) K, JMAX,
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FDRTRANMJV~G LEVEL Ly

- 0026
0027
10028

0029

0030
- 0031

0032

0039

0041

o 0062

0043

0044
0045
0046

0047
- 0048
- 0049

0050
0051
0052

0053;ﬁ
0054 |
0085
'0056

0057
0058

~~~~~~~

|

0040

'"a 0025

il

0033

0034
' 0036
0037
‘ 0038

25

33

34

30
5 335

35

Table A-2. Computer Program Listing - One Look {Cont)
HOD 2 - MAIN DATE = 70104 20/00743
GD TO 110
KLAR0290-
READ {5, 3, END=500) (TTOP(IYy I=1,18) KLARO300
"3 FORMAT (18A4) T s o KLARO310
READ (5, 2} NMAX. NCy» (NPL(I), I=1,NC) KLARO320
"WRITE (6, 4) (TTOP(I)y 1=1,18) KLARO330
FORMAT (*1°%, 10X, 18A4) KLARO340
PLIL1) = 0.01 KLARO350
DEL = 0.01 KLARQ360
Do 25 1 = 2, 99 KLARO370
PLIT) = Pl(I-1) + DEL KLARO380
"P1(100) = 0.999 KLARO390
YB = 1.0
= 100.0 KLARO410
CXLo=.1.0 KLARO420
XR:= FLOAT (NMAX) KLARO430
- CALL UIMITI (XL, XR, Y8y -¥YT) KLARO440
CALL SMXYV (1, 1) KLARO450
IGR = -1 KLARO460
; - KLARO470
i CONPUTATION OF . PROBABILITY OF SUCCESS KLARO480
D0 100 1 = l' 100 - S KLARO490
DEN = ALOG (1.0 - PL(I)) |
JMAX = NMAX o
DO 30 J =1, NMAX KLAROS10
JP =) N
PS(JIsI) = 1.0 - (1.0 - PILI)) *%JP
1F (ABS (PS(JyI) - 1.0) «LE. 1.0E=4) GO 7O 34
N(JyI) = ALOG (1.0 - PS(J,1)) / DEN ¢
GO TO 30
NUJoI) = 4
JMAX = g
PS(JyI) = 100.0 * PS(Jy0)
GO TO. 335 ‘ ‘
PS(Jel) = PS{J,I) = 100.0 KLAROSS50
DO 35 NP = 1, NC |
IF  (NPLI(NP) .EQ. I) GO TO 36 KLAROSTO
CONTINUE ‘ KLAROS580
GO TO 50 KLARO590
TTOP)

36

T

CALL GRAPH (lGRo 429 'JMAXp N(lol)o PS(l’l’o TXy TV,
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“lie-12a@s

LV

0062

0063

0064

o065

0066

0067

0068
0069
0070

o071 .
0072

£ 0073

'00747
0075 |
0076

'0077
0078*

0079
~.0080

0081

0082
1 0083

0084
0085

. 0086

0087
0088
0089

0090
L0091

- 0092

0093
0094

0095

B FORTRAN [M_GMLEVEL~Lr—MDD—2

”V IGR = 0

31

R F6.3, !

32
37

40

50

51

60
100

110

XL

120

130

Table A-Z. =2, Computer Program Lxs*mgww One Look (Cont)

"HWRITE (6, 31) P1CI)
FORMAT (tQ°,

(PLUTTED)'/ 2Xy 8(3X, N, 5X, *pPS

FORMAT (2X, B8(F5.0, F1.2))

DO 40 J = 1, JMAX, 8
"JEND = J + 7

IF  (JEND .GT. JMAX) JEND = JMAX

WRITE (65 32) (N(KyI)y PS(K,I)y K = J, JEND)
CONTINUE

GO TO 60

WRITE (6, 51) PL(1).

FORMAT (*0%, 10Xs *Pl - RELATIVE FREQUENCY OF

* F6.3, ' (NOT PLOTTED)*/ 2X, 3(3X, 'N', 5X,
60 TO 37
WRITE (10) I,
CONT INUE

JHAXQ PLLEI)y (NCJIsIDy PSLJIsI),

IRTN

READ (5, 2, f
18) i

READ (5, 3)
NREG = 29

END=500) MO, KTM,
(rToPtI), I = 1,

XR .
YR
Yt

ul‘ﬂ [}
Ni~;?an

‘ I = 1, NREG )
PTM{L) = SUNCON{TI,KTM,MO)
REGLID = 1

‘CALL LIMITI (XL, XR, Y8, YT)
CALL SMXYV (0, 1)

7010

CLEAR SKIES®,
*PSt,

J

= 1y

10X,y *P1 - RELATIVE FREQUENCY OF CLEAR SKIES?,

AXP)—

1X))

CALL GRAPH (IGR, 42, -NREG; REGy PTM, TR, TV, TTBP)

IF  (IRTN .EQ. 0)° GO TO 110
IF  (INPOPT .EQ. 0) GO TO 130 i
END FILE 10 : .

G0 TO (130, 20, 1), IRTN

COMPUTE PS IOR N GIVEN N OR PS FROM TIME & REGION
READ (5, 131, END=500) lREG. MO, KTM, I0P, NPASS' PSC

JMAX)

20700743

KLARO610
KLAROG620

KLAROGT0

KLARO690
KLARO700
KLARO710
KLAROT720

KLAROTS0

KLARO770

KLARD780
KLARO790

— KLAROSOQ

KLAROBI1O
KLAROB20
KLARO830
KLAROB40

KLAROB6O
KLAROB70
KLARQOB80
KLARQOS890
KLAROS00
KLARO910
KLARO920
KLARO930
KLARO940

KLAR0950
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FDRTRAN IV G LEVEL 1y MOD 2

|

0096‘

0097
0098

0099
0100
0101

0102

0103

;, 0104 
0105

' 0106

0112

o107
0108

0109

0110

0ol11

o113
o114

- C

500 WRITE (6, 501)

151 FORMAT ‘(*OREGION*, I3, 3X,

160 TOP.

161 FORMAT (*OREGION®,

Table A-2, Computer Program Listing - One Look (Cont)

= 70104

& . . [T

MAIN . DATE 20700743
131 FORMAT (516, - 6Xy E12.8) R
CIF (IOP .NE.' 0) GO TO 140 | . —
IF LIRTN - 2) 130, 20, 1

140 GO YO (150, 160), IOP

150 PGIV = SUNCON(IREGKTM,M0) 7/ 100.0
PSC = (1.0 = (1.0 - PGIV) **NPASS) * 100.0
HRITE (69 151) 1IREGy MO, TIME(KTM), NPASS,
* SUNCON(IREG,KTM,MO), PSC
*MONTH®*, I3,
% 'GIVEN'y 14, * PASSES', 3X,
% 3Xy *PS IS', F8.3)
, GO TO 130
ALGG (1.0 - PSC / 100.0)
DEN = ALOG (1.0 = SUNCONUIREG KTM¢MD) /- 100.0 }
NPASS = TOP / DEN
WRITE (6, 161) IREG, MOy TIME(KTM), PSC,
I TR . SUNCON(IREG,KTM,MO), NPASS
I3, 3Xo *MONTH®*, I3, ¢ AT ¢, A4, 9 STe,

AT *, A4,

ST, 13X,
Pl =1, FT.1, - h

* 3X, *FOR PS OF*'y F8.2s 3X, 'Pl =v, FT.1,
. 2X; 'NUMBER OF PASSES®s [5)

GO TO 130 B | |
KLARO9T0
KLAR0980
KLAR0990
KLAR1000
KLAR1010

50[ HORMAT ('0°,10X, 'CDHPUTATIBN,UF FREQUENCY UF CLEAR SKIES LY
* *COMPLETED. ') :
sToP o . |
~END e ; S _ . , —

RRU
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I1£-1. AS

. symBoL —

/"NTAPE |
e
. SCOND
o DEL
- IGR !
MO
1oe -

 REG-
TR

~6I73fs“Aw

P
i
i

;fsvnaoL

ALOG

SYMBOL
51

- symBoL
SUNCON ——— 230

LOCATION ’

1A4
~ 1B8
1CC
10
1F4

208

21c

20604
20760

“LOCATION

LOCATION
| 30c88

LOCATION
30038 —
~ 3DDAD

e
L
t
' ¥
[
e
L
;
;
o
ke LR R S G
¥ : -~

NDM -~ ppg

LIMITY

YSYHBOL

Table A-2.

FORTRAN IV G LEVEL 1, MOD 2  MAIN

SCALAR MAP
SYMBOL LOCATION SYMBOL
TINPOPT

: . 1BC KT

K | 100 L JMAX

Y8 T 1E4 T
DEN 1F8 L Jp

Lokt - 20C  IRTN
 NPASS 220 . PSC

_ARRAY MAP .
SYMBOL ~ LOCATION
PS 2080 NP1

NDUM - 20678 CTX

TIME 207A8 i N
i |
SUBPROGRAMS CALLED

SYHBOL~ﬂ~ML0CATlBN »»»»»»»
30C8C

SYMBOL
SMXYV

FORHAT STATEMENT MAP—
LOCATION i
3 3DD3E 4

131 - -3DE02 s

. SYM3OL.

DATE = 70104

LOCATION
1AC
1CO
104
1€8
1FC
210
224

SYMBOL . LOCATION- -

20270
20688
_207Cs8

LOCATION
3D690——

LOCATION
30044
3DEO0D

i

SYHBDL_~
Im :
TEMP
NMAX

XL

NP

NREG

PGIV

SYMBOL —
1

TY

SYMBOL
FRXPI¥ —

SYMBOL- -
31
161

Computer Program Li'sting - One Look (Cont)

. 20/00743

LOCATION

180
1C4
108
1€C
200
214
228

LOCATION

20400
206D0

LOCATION

3DC94

LOCATION

.3DD4&F..

3DESD

PAGE 0005

SYMBOL - LOC
IR .

J

NC

XR

JEND

IREG

TOP

SYMBOL LoC
PTM — 20
TVoP 20

SYMBOL Lac
GRAPH 30

SYMBOL Loc

32— 3D
S01 30

z
3
>
3
8
3
g
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N
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o
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’ Space Division
¥ North American Rockwell

A.2.2 Routine Variable Definitions in FORTRAN

Constants and input are:

NTAPE = tape unit designation from which the cloud cover Category 1
statistics are read; this tape must have been generated by
the routine described in Section A-1; it may be either the

basic area or the enlarged area data tape and not
accumulated

NDM = number of variable to skip oin the first part of a data record
(four for basic statistics and three for the enlarged area)

INP@PT = an option for another tape input or generation [i.e., P(i)
‘ versus N and PS]; see method of solution for usage

Arrays are:

P1(100) = 100 program set values of the relative frequency
' of clear skies (0.01,0.02 ... 0. 99, 0. 999)

PS(J,I) = probability of success of clear skies, given P(l)
for N passes and maximum I = 100

NJ(100) = maximum number of passes for a value of P(l) ,
initialized as 300 each
NP1(20) = maximum of 20 sets of P's versus N to be plotted

given P(1) for the nomogram (see method of
- solution for nomogram)

SUNCQ‘N(Z9, 8,12) = the unconditional cloud cover statirsti‘c s for
SR Category 1 input from NTAPE

PTM(29) = probability of SucCess of clear skies, -given

number of passes, time and region of N given Py

time and region

A. 2.3 ’FO.RTRAN‘ Logic ah‘quuafﬁ:ions o

' - First the values of NTAPE, :NDM,' and INPOPT are input. Then the

) unaccumulaterd cloud cover statistics, SUNCON(IR,KI, IM), for Category 1
- only are read from tape NTAPE, 5 L i - e ‘

SD 71-311
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’ .Space Division
North American Rockwell

Then, if INPOPT = 0, a previously existing data set (scratch tape or
reserved tape) containing 100 sets of Pl (I), N(J,I), PS(J,I), J = 1, number of
points computed and I = 1,2 ,,,,100. On the other hand, for INP@GPT # 0,
these parameters will be computed and stored on a data set (tape or disk).

In either event, the nomogram will be plotted where NC = subscript of
Pl. Therefore, a title card is read containing any user descriptive
information for printout and plotting,

But for INPGPT #0, NMAX, NC and (NP1(k),k = 1,NC) are input
where NMAX = maximum number of passes, NC = number of curves to plot

on nomograjm. Also, the values that P1(I) take are set. See the definition
of PI1(I). |

Initialization of the nomogram graph takes place next. The subroutine
LIMITI is called to set the grid limits, This subroutine is part of the GRAPH
package, which was written by several NR systems programmers and is in
general use. Then the NR system library subroutine, SMXYV |, is called to
inform the GRAPH package that the first plotted output is to be performed on
a log-log scale. The nomogram is to be plotted in this fashion. The values
are Pl versus N and the curves are drawn for various values of Ps, the
probability of seeing 100 percent of an area, At this point, all initialization
‘has been performed, ‘ '

The next major section of the routine is the computation of Pg for
P1(I) and N, only if INPQ@PT #0, For I = 1,2...,100, the following is
performed: ‘

For PI1(I), the demonimator in the computation of N
remains a constant and is

DEN = log |1 - P1 (1)
' JMAX is initially defined as NMAX, which may be
computed and resuit with the number of passes for 100 percent
probability of success, Pg, to be reached. It is also the

number of points of Ps(J,I) versus N(J,I) computed.

Then an attempt is made to compute the values of Ps and |
"N for J =1, 2,... NMAX, So, Psis computed by

SD 71-311




‘ Space Division
North American Rockwell

An indeterminate form of N is produced when Ps
approaches 1, and then N(J,I) equals J and JMAX = J. Also,
Ps(J,I) = 100 percent and the computation of Ps versus N is
complete for the value of P1(I). These values are then printed
and possibly plotted o

Otherwise, the computed value of Ps(J,I) is accepted, and
N(J,I) proceeds to be computed:

log (1. - Ps(J,I))
DEN

N(J,I) =

' Since Ps(J,I) lies between 0 and 1, it is converted toa
percentage,. The above process for P1(I) proceeds until the
condition that Ps(J,I) is nearly 1,0 or J becomes NMAX and,
therie'fqr_e, JMAX is known, At this time, if NC for some curve
number is I, then the set of above -computed values is plotted.
Also, these are printed with an indication of ""plotted' or ''not
plotted. "

Finally, within this section of the routine, the tape (10) is written
containing the following set of parameters:

I, IMAX, P1(1), (N(J,1), Ps(J,1),J=1, ..., IMAX)

- The second rina%jo'r section of the 'single-look routine uses the uncondi-
tional:cloud statistics for Category 1. This section plots on a semi-log

‘scale the frequency of clear skies given a month and time of day for all
29 regions. The plot requires two input cards per time and month where

the values read are:

1. MG

I

month number to select
3 K ™  = ‘time number to select where it may be computed by

LST = 0100 + 300(KTM - 1)

IRTN = an option, indicating the operation to be performéd upon w

completion of the plot of the particular set of SUNCON
desired, e A PR |

2. Title card"containing us‘er“id,entivfic,atiOn of plotted values |

SD 71-311
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’ Space Division
North American Rockwell

Then the grid is initialized for the semi-log plot, The particular ‘
set of values of SUNCQ@N (29 regions, KTM, M@) is stored in PTM(I) and
REG(I) = I, I = 1,2...,29. Then these values are plotted, PTM on the
log scale versus REG on the linear scale,

Now the IRTN parameter is tested. If IRTN is zero, anotlier month

and time may be selected for plotting, Otherwise, IRTN must be positive
and =3, where

IRTN = 3, returns control to beginning of the single-look routine
IRTN = 2, returns to new nomogram input
If IRTN = 1, the last section of this routine performs its calculations as
follows:

This section “peirforms the calculation of PS, called PSC, given N,
time and region or calculation of N, given PSC, time and region from:

SUNCGN(29, 8, 12),

The input card for this calculation contains the following:

IREG

region number to select
M@ = month number to be used
KTM = time number where LST = 010‘0 + 300(KTM - 1) and KTM <8,
IQP = calculation option, where IGP = 0 uses IRTN to go to repeat.
o this input card, return to new nomogram control input, or |
beginning of routine, if another tape (NTAPE) is to be used:
~but if IOP =1, PSC is computed, given NPASS (N is called
NPASS here); or if IGP - 2, NPASS is computed, given PSC
NPASS = number of passes if PSC is to be computed

;PS’C = prob‘aybility of ’su,‘ccesis; of clear sk’ies if NPASS is to be
o computed * ‘ e s , ‘

SD 71-311
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North American Rockwell
The procedure of either calculation is as follows:
First, if IQP = 1, the probability of success is computed using
- _ SUNCQN(IREG, KTM, Mg\ EASS
PSC = 100. | 1. - (1. -
100
All values are then printed.
Second, if IGP = 2, the number of passes is combated by
| | . 'psc]
N o . log [l. - Too
NPASS = ! . |
' SUNCON(IREG,KTM,Mg@) |
log | 1. - —= ,
100
- n The reader may notice that factors of 100 are being used with a
L | degree of frequency. This is because of consistency in percentages and

f values between 0 and 1,

The ,;/1a‘st operation performed by this routine returns for another card
| for computation of Ps given N or vice versa and any further computations
: the user may desire. ' '

- A.2.4 Input Data Specifications
i Card FORTRAN
- Sequence | Nomenclature Variable Definition and Limitations Format
1 | R o 'Tape usage op'tionsk card o | 1216
B  NTAPE Tape unit number from which uncondi-
' f tional statistics are to be read; this
must correspond to that in the JCL; for |
example, if NTAPE=8, the correspond-
ence would be to FT08F001; also L
~ INTAPE must not have values of 5, 6,
110, 1, 14o0r16 |
; NDM o Thke‘numbef of rwofrdi_s ékip’peid in ‘ak’d",a'taw
o  |record; "t’he‘VaIué_must'bei 4 for basic |
|area statistics and 3 for the enlarged ol
|area statistics B
w_ It ».rm:;‘- ,MA o ~~“ , SD 71- 31 1
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‘ Space Division
North American Rockwell
Card FORTRAN
Sequence | Nomenclature Variable Definition and Limitations Format
INPQPT Option for reading or generation of the
tape of relative frequency of clear
skies; if zero, the tape is read; if one,
a new tape is generated ‘
2 (TTAP(I), Problem title card for printed output 18A4
I=1,18) and CRT output
3 Parameters for nomogram plotting: 1216
NMAX Maximum number of passes
NC Number of curves to be plotted of
nomogram given a PS plot Py versus
N (maximum of 20 curves)
(NP1(I), Curve numbers of PS to be plotted
I=1, NC) (i. e. values of PS rounded off to
nearest percent)
4 Parameters for plotting actual 316
‘ frequency of clear skies as function
of region using NTAPE
M@ Month number to be selected
KTM Time rﬁimber to be selected,
o LST = 0100 + 300 (KTuwi-1)
| IRTN' |Parameter indicatihg type of data
S to be read next, if any: ~
If IRTN = ‘O, énother jCard 4 follows ;
[If IRTN # 0 and INPOPT = 0, Card 5
next 'f o E
i e -~ e T T T SD 71 —3 1 l
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Card
Sequence

FORTRAN
Nomenclature

Space Division
North American Rockwell

o\

Variable Definition and Limitations

Format

Lawtf
Card |

IREG -
M@
K TM

IGP

e NPASS

If IRTN =1, Card 5 next

If IRTN = 2, repeat sequence from
Card 2, but tape is generated

If IRTN = 3, repeat sequence from
Card 1

Parameters for computation of PS
given N, or N given PS for region and
time from unconditional statistics on

‘NTAPE

Region number (1 - 29)
Month number

Time number, see Card 4

Type of computation to be done

If IQP = 0, then IRTN = I, 2, or 3 test
is applied as above to determine
return point; if IQP = 1, PS is

computed given number of passes; if

I0P = 2, number of passes is
computed given probab111ty of
success

Number of passes for optionv

| this card may be repeated for as

many‘c omputations as re quired

/ and % in columns 1 and 2

| re spectlvely

sD 71-311
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‘ A Space Division
North American Rockwell

A.3 ONE- OR TWO-LOOK VIEWING ROUTINE

This routine determines the probability of seeing a desired percentage
or more of an area in either one or two looks and in N independent passes,
The basic relationship used for the probability of success is (See Table A-2),

po= - fo-e0N] o - Ny s - 5]

where
N = number of independent passes
Pl = percentage frequency of cloud cove,r,g .<_! success
criterion for one-look viewing, i.e,, = Cq
P2 = percentage frequency of cloud cover in two-look interval, i. e.,
cloud cover < V€1 and ->Cl‘
= P2 1 . . . '
P =94 -p7 ° probability of cloud cover in two-look interval, |

given that success in one look has not occurred

A.3,1 Routine Variables and Computations

Input includes:

MQ@NTH

= computations desired for this month
ITIME = time of day (from LST)
AREA = percentage or more area to be viewed
CCU(29, 12,8,5) = cumulative unconditional cloud cover

statistics generated by the routine discussed
in Section A, 1 '
Va’ri‘ables are: S
' B Env»i‘
IREGQDN = region humber index, 1 through 29 -
A(IREGQW, N) = probability of success of seeing AREA %,
~ computed by subroutine LGGKI12, also
e SHPREE S e e i e |
. CLOUDS = one-look cloud cover success = (100 - +*REA) and
L ~after one look used, set to /CLOUDS * 10

N = number of independent passes, 1 through 20

| SD 71-311




g ; o e o TableA=§. '}.ComputerﬁP-rog—;am’Listin‘gs Qp_epr; Two Looks - ‘ B E

 FORTRAN 1V G LEVEL 18 | CMAIN DATE = 70128 11/35/45 PAGE 000

“MAIN PROGRAM TN CALL LOOK12 FOR AREA >70%, MONTH = 8y TIME = 4

ﬁ N R

0001 o COMMON — ZUNTT/ NTAPE
0002 DIMENSINM A(29,20)
0003 1IN =1 :

20004 . ppap (s, 3y FND = 90) NTAPF
L0005 . REWIND NTAPE s o
0006 1D READ (5, %) MONTH, ITIME, AREA
. 0oo7r 3 FORMAT (216, F12.0)

L 0008 ¢ AR IF (MNNTH .LE. 0) 50 TO 1
0009 L ' PROB=0, ,
. 9010 - N PN .20 N=1,20 : —_
o001 ..~ DO 20 IRFGON=1,29 N - o ) E R e
0012 - CALL LOOK12 (IN, IREGON, MONTHo!TIME.AREAoPRQB+Nl ' R U P R
. 0013 ' A(IREGONN)=PROB ‘ R Tl e
0014 . IN=0 = :
0015 - 20 PROB=0, T
L0016 - WRITE (6,.21) AREA, MDNTH, ITIME
L0017 21 FORMAT (*1PROBABILITY OF SEEING', F4.0, ¢ PERCENY OR MORE OF ¢,
g : = *. *AREAS "IN ONE-OR TWO-LOOKS®/ COMONTHY, 13, 11X, 'TIMEY, [2/7/
2 118H REGION N=1 N=2 N=3 N=4 N=5 N=6 N=7 N=8 N=9 N=10 N=
. 311 N=12 N=13 N=14 N=15 N=16 N=17 N=18 N=19 N=20 v /) = . Tl ,
oms DO 7O TREGON=1,29 i I o
0019 70 WRITE (6,80) IREGON, (A(IREGON,N),N= 1,20) . SRR ,

. B o e i . N

W‘ 0020 - 80 FORMAT (1X, 13, &4X, ZOFS.I)

0
o
: -J ;!_‘_ : : E
1 i 0021 S 60 T0 10 _ ‘
: 0023 S END 0 ‘ ’
&Y
| ) 5 13
o
g -
- £
3 g o
. 1
I, L t_i . -
- “
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Table A-3, _Computer_Rr_o,gra‘m Listings - One or Two Looks

© FORTRAN IV © LEVEL 18 ST MaAIN DATE = 70138 11735745 PAGE 000 Lo
- COMMON BLOCK /UNTT / MAP SIZE 4

SYNBOL  LaCATION  svwpoy LOCATION SYM30L  LOCATION SYMBOL  LOCATION SYMBOL LD
- NTAPE 0 : o : -

SUBPROGRAMS CALLED

[ SYMAOL  LOCATION CSYMBOL - LNCATION SYMAOL LOCATIIN SYMROL LOCATION SYMBOL LD
% L IRCove co ‘ LMK 2 _ C4 e

, , . N , SCALAR MAP ; i
| SYMBOL.  LOCATION SYMBOL  LOCATION . SyMsny LOCATION SYMBOL LOCATION SYMBOL Lo R
o CIN L ey MONTH £8 ~ ITIME EC - ARFA - FO PROB £

| N FR - IREGON -~ FC , -

SYMROL LOCATION SYMBOL CLOCATTON SYMBDL' LOCATION SYMBOL . LOCATION SYMBOL Lo o
A 100 I ‘ , i

v i
! {
i

’"""”“7? ,62 -V ¥

i

e ; -  FORMAT STATEMENT MAP RS -
SYMBOL  LOCATION ~ SYMBOL  LOCATION —  symanp LOCAT ION SymMsnL LOCATION SYMBOL Lo SN . *
i 3 Al 21 . - Al9 “UR0 AF7 '

I1¢-12 as

s
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11¢-1L as

FORTRAN lv G

0001

00n2

0003

”~0004

0005
0006

0007

o008 -
0009

0010

ooty

L0012
0013

L0018 0
0015

0016
0017
0018

. 0019
0021

0022

L0023
0024
- 0025

‘ “0626 
‘ 0627

0028
0029

003D

LEVEL 18

O Yo,

OVOYOY

o

T;able.4-3. Coinputer Program Listings -

LOOK12

‘ SUHROUTINE LOOK12 (IN,IRESG ON,MONTH,IT!ME;AREA,PROB.N)

- DIMENSINON CcCy (29,12,8,5)
- CNOMMON  JUNTT/ NTAPE !
lF(lN 1) ?0,10,?0 -

INITIALIIATION

=10 READVINTAPEJ~CCU"
LASTR=0
AREAL=0,
LASTN=D

20 CONT ENUE

VQBRANCH T DEThRMlNF N OR AREAA

50 IrlNl 600.100.600

DETERMIVATION OF N

L LOQ‘!F (IREGON—LASTR) 150,1!0,150‘

110 N=LASTN
60 TD 999

- 150 CLOUDS= 100, -AREA

K=1
GO TN 950

155 P1l=Fx*x,01

162 SUFCES l.-((l.-Pll**NP)*(((lJ:

S CLOUDS= ?QRT(CLOUDS)*IO
K=2 - ) —
GO TN | 950 .

160 P2=(F#,0]1)-p]

PS= PZ/(I.-PI)
« NP=L.
FN= NP

1

DATE = 701138

PS) *%NP) + (FN*PS*((I.

IF (SUCCES*[OO.*PROB) 16591759175

165 NP=NP+1

FN=NP
GO TO 162

One or Twp I.f_ooksr (Com;)

11735745

00017050
00017010
00017040
00017020

noo17070
00017080
00017090

00017290
00017300
00017310
00017320
00017330
00017340
00017350
00017360

00017370

00017380
00017390
00017400
00017410
00017420

00017430

00017440
c0017450
00017460
00017470

00017480
00017490
-PS) *x (NP~ ~11100017500
00017510

00017520
00017530

00017540

00017550
00017560

PAGE 000
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11€-1L As

1£-V

FORTRAN |

0031
0032
0033

00346
0035
0036
0n3r -

038

S N039
0040
0041
0042
0043
0044 -
0N45
- 00646
0047
0048
0049
0080
0051
0ns2. -
0053 .

0054
0055

" 0056
. 0057

 00S8
0059
0060

0061
0062
0063

Ao

C LEVEL

610

h15

620
621

530

640

oo

650

Table A-3,— Computer Program Listings - One or Two Looks (Cont)
18 i Longlz DATE = 70138 ———— 11/35/45
LASTN=N~ 00017570
LASTR=IREGON- 00017580
“60 T0 999 00017590
o 00017600
DETERMINATION NF° AREA 00017610
O R 00017620
IF (APFA) 700,610,700 : ,
IF (IREGCN-LASTR) 620.615.620' 00017680
AREA=AREAL 00017690
LASTR=TREGNN 00017700
0 TD 999 _ 00017710
CLOUNO=0, ND0017720
CLOUDS=CLOUNO .00017730
K=3 § 00017740
G0 TO 950 00017750
» Pl=F*,01 00017760
cLoynss= SQRT(CLOUDS)*IO 00017770 -
K=64 00017780
50 T0 950 00017790
p2=(F*.01)ﬁP1 00017800
S PS= P2/{1.-P1) 00017810
-EN=N 00017320
- SUCCES= l.-((1.-P1)**NLLLLL—f-PS)**Ni#(FN*PS*((1.-95’**(N 1)))) 00017830
TF (. SUCCES*IOO.-PPHB) 640,650,650 P . ~—— 00017840
CLOUDO=CLOUDO +1. ' ... 00017850
GO TO 621 00017860
AREA= 100,-CLOUDO 00017870
AREAL=AREA 00017880
"LASTR=IREGON 00017890
GO TN 999

700
705

706

Mo

715

600

_DETERMINATION OF PROBABILITY

IF ¢PROB) 7059710 705 ,
WRITE (6,706) IRFGON,PLAT,PLONG

FORMAT(66H ERRNR HAS OCCURED IN CALL ING PASS. N AREA AND PRNB WERE
1 NON ZERO.,10H RFFIUN = »I3,7H PLAT= ,F12.148H PLONG= ,F12.1)

GO-TO 999
ITFCTIREGON-LASTR) 720.7[% TZO
PROB PRURL

00017900

PAGE 000
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g 1 L Table A-3. ,Co.mputer Program Listings—- One or Two Looks (Cont)

: T e ' o : v .
”by;FQRTQAN IV G LEVEL 18 : LO0OK12 DATE = 70138 11735745 PAGE o

0064 50 1D 999 —_
0065 720 CLOUDS=107,~AREA

0067 GO TO 950 ;| -

0068 | 725 pl=E#x.01 |
0069 - CLOUDS= SQRTUICLOUDS)*10.

0070 : T IK=6 ;
oo 60 T 95
0012 T30 P2=(F%,01)-P}
. 00713 . PS=P?2/(1.-P1)

0074 FN=N ‘

00785 g “PRﬂR=1;~(tl.—Pl)**N)*(((l.-PS)**Nl+(FN*PS#((l.-PS)**(N-LLy))
nnTs: .. PRDB=PRNB '#100, - - %
0077 ~ LASTR=IRFGON
0078 i . PROAL=PRO3 ~ ; . § ~ -

0079 Y G0 TO 999 ] ‘

P L : ; ' 00017910 __

CLOUD FREQUENCY INTERPOLATION - 00017920

a o 5 L S ‘ . 00017930

0080 - 950 c=CLOUDS - . 1 00017940

Lo o008l | TF—¢CLOUDS «GT. 30.) GO TO 960 - , _ .

0082 955 F2CCU(IREGON,MONTH, ITIME,1) + CLOUDS*({CCUCTREGON,MONTH, [TIME,2)- 00017960

. T - ICCULIREGON,MONTH, ITIME,1))/30.) I 00017970
... . GD TD 995 : o o 00017980 -

-

2 s Kol

ey

i ,0083
1 looss 960 IF  (CLOUDS .GT. 50.) GJ TO 970 : o
3 oogs 96§~FéCCU(IREGON.MDNTH,ITIME'2)+(C-30.)*((CCU(lREGONpMONTH.ITlMEp3) - 00017000

S 1CCULTREGON,MONTH, ITIME,2)) /20, ) ey 00017010 I TR TP

60 TD 995 O R B 00017020 : S MRS f

970 IF (CLNUDS .GT. 90.) GO TO 980 . LT e
975 F:CCU!IREGON,MONTH.IT!ME.3)#(CTSO.)*((CCU(IREGDN.MONTH.IYIME,4) - 00017040 : * S
el , ~ 1CCUUIREGON,MONTH, ITIME,3))/40.) — — 00017050
.ooB9 GO TO 995

0087
0088

Tt

00017060

\s

0090 1. 980 F=CCU(!REGDN,MHNTH.ITlMEﬁ6W§(Cf90.)*((CCU(lREGDN,MDNTﬂ,[TIME,S) - 00017070

e 1T ICCUL TREGON,MONTH, ITIME,4)) /10, ) ' 00017080
0091 995 GO TO (155,1604625,630,725,730),K i

i 0092 999 RETURN : . | | 00017100

20093 oy - END U 00017110

11€-1L GS

IIPMXO0Y ueouswy YuoN
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Table A-3, Computer Program Listings - One or-Two Looks (Cont)

P - . oo . . .

FORTRAN IV 6 LEVEL 18 A LOOK1Z © T pATE = 70138 11735745 PAGE 0G0

QL o Bl e ‘ - COMMON RLOCK JUNIT / MAP SI1ZE 4
| 1 SYMBOL - LOCATION  SYMARUL LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMAOL LD
LUNTAPE o B o 1 T '

i

e i |  SUBPROGRAMS CALLFD
g cooSymem LOCATEON - sy4snt. LOCATION— SYMROL LOCAVION SYMBOL LOCATIDN SYMBOL LD
= o TRCOM# T va4 FRxpre 1A8 SQRT 1AC

P : i SCALAR MAP- ,
. SYMBOL - LOCATION  SYMBOL - LOCATION ~ SYMAOL LOCATION SYMBOL LOCATION SYMBOL LO
COIN 208 LASTR 208 ARFAL : 20C - - LASTN 210 N
IREGON-  — 7 218 CLOUDS 21C AREA 220 K . 224 - P1
R 22 P2 230 PS 234 . NP | 238 EN
. SUCCES | 240 | pPROR 244 . cLoupo - 248 OLAT ‘ 24C PLONG
~ PROBL 254 C 258 | MONTH . 25¢C - ITIME 260

£€-v

v

[ . . . PRI

: ST T ARRAY MAP.
SYMROL LOCATINN SYMBDL __ LOCATION - Symany LOCATION SYMROL LOCATION ~ SYMBOL LD

cey T 286 T E !

Tonaie D000 ~ FORMAT STATEMENT MAp g ; Sl
SYMBOL . LOCATION  SymsoL  LOCATION SYMBOL  LOCATION SYMBOL  LOCATION SYMROL LD SR I S
- 706——  DBE4 R | i :

e

11€-12 ds

S
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1
’ Space Division . ;
North American Rockwell -
F = P1 = percentage frequency of cloud cover, from CLOUDS -
and input CCU i
Pl = 0.01*F .
P2 = percentage frequency for two-look interval -
PS = P2/(1 - PI1) N
PRGB = P -
~ A.3.2 Method of Solution of One- or Two-Look Viewing ij ‘
The subsequent operations are performed for a desired level of s
| success, AREA, a given month, and time of day. For N = 1, 20 passes j
and IREGON = 1, 29 regions, the subroutine L@PKI12 is called to compute
the probability of success of the desired event, PRQB. The general process #ﬂ?
| is to compute the PRGB and test successive values of N until the required “%
5 AREAY% is achieved.
1 First the one-look and two-look success, cloud covers (CLQPUDOC and j;
| then CLAUDS) are computed from the input AREA,
» ; The computed CL@UDS and curnulative cloud statistics are then used j L
| to compute F (F = 100, *P1), the frequency distribution. This distribution P
| is computed in one of four ways according to cloud category in which 30
CLQ@UDS falls. CI1, CI2, ...Cl5 refer to the cumulative unconditional j
cloud c’over-statisticsy as a function of region, time (month and time of day), :
and cloud category number (i), ' | it ‘
! Cl = CCU(IREGQ®N, MQ)NTH,;ITIME,‘i) S
‘ ‘ i SN
| i : . u
where : : ; ‘ g )
, ‘ I 1. If CL@UDS=<30., the distribution function is
F = CIl + CLQUDS(C12 - —%ln)
2. If30< CLQUDS '=50., the distribution is
~ F = CI2 + (CLOUDS - 30.) (Cis»"-,r,%_)‘ o
S TR S A-34 | |
- SD 71-311 e o




Space Division
North American Rockwell

B |

3. If 50.< CL@UDS = 90., the frequency is

F = CI3 + (CLQUDS - 50.) (CI4 - %)
4. If CLJUDS >90., the frequency is
F = CI4 + (CLJUDS - 90.) (CI5 - %)

Then P_, the frequency of cloud cover for two looks, is computed from
the cumulative frequency distribution function F as follows:

P2 = ,01*%F - PI1

The probability of cloud cover in two-look interval follows, PS where

P2

PS = ——%
> % TP

IfN = 1, that is first pass, then
PRG®B = PI1

Then PR®B is tested to determine if the desired percentage of area has been
seen in one or two looks for the Nth pass.

The process continues for N = 2,3 ..., 20 until the PR®B becomes>
the input value of success (AREA) for all 29 regions,

Finally, the computed values of PR@®B for each region and pass
(A(IREGON,N))are printed for all 29 cloud regions of the world. The same
procedure may then be repeated for another month, or time of day, or
required level of success, | | | |

A. 3.3, kInput‘Data Specifications (One‘-or Two-Look Routine)

Card
Sequence

- FORTRAN
- Nomenclature

Variable Definitions
and Limitations

Format

gy

" NTAPE

“Tape unit number from
~cumulative unconditional

cloud statistics are read
~CCU (29 regions, 12 -

~months, 8LST values, 5
~ cloud categories

| Month nurﬁ'ber of sta-
“tistics to be used (s12) -

 A-35

SD 71-311

216,F12.0




‘ % Space Division 4
" North American Rockwell o
Card FORTRAN Variable Definitions . |
Sequence Nomenclature and Limitations Format i
e
ITIME Index of LST to be used .
AREA (=8) X percent or more of ’
areas to be seen in one -5
or two looks -
i
Comment Card 2 is repeated for as -
many combinations of the -
three parameters as :f '
required by the analysis "
to be performed until -3
an input value of M@NTH s
is =0 T
e
Comment | Upon input of M@NTH of S
0, card 2 may be ‘ R
repeated, followed by Off“‘? ,
card(s) 2, if desired S
Last Crard ‘ / and * in card columns : “
1 and 2, respectively
A.4 MONTE CARLO ROUTINE FOR CONTINUOUS VIEWING _ £ v
A.4.1 General - .
‘This routinekcomputes the probability of continuous viewing of an area % ,
by piecing together the cloud-free elements from each look. The basic
relationship used within this routine is as follows (See Table A-4):
S . B(M,N) = [100 - B(M,N - 1)] [1 é%((%)—J‘:"DB;
where

DB = ‘incremental area seen on Nth pass |

M = mission iteration number
C(N) = ,'arﬂnount' of clbu,d cover on Nth pass

~ B(M,N - 1) = cumulative area scen to (N - 1) stpass




I i

IT1¢-1L s

LECNV

;uoool:k_

0002
0903
0014

00Nk

0006
- _ono7
0008 -

nnp9

0010

0nl1
L0012
0013

0014

0015
N0Ye

i

0017
- 0018

on1o
0020
0021
0022
L nn23
0024
.. on2s
10026
0027
nn28.
0029

0030

0031

N0
0n33

0034

00135

036

0037

Table‘ A-4. ﬁCQmputer%PrqgramkfL;st_ings - Monte-Carlo

FARTRAN [V 6 LFVFL 1, ¥0n 2 : MATN T TTWMTE = Talis 20742740
r MONTE CAPLO CLAUD CNVER SIMULATINN PRAGRAM
i . ,

DIMENSINN CCH(29,12,8,5), RI309,51), O110), PL1O), X(10),TITLE(13)
1. cLOUNCS) ,H(DX(IR)erﬂY(IF)

1001 RFAD {5, 1007, FND-dOlﬂ) INTS, NTAPE

1002 FNRMAT (2112) j

CALL IRNDM (INTBHY)
FI"UD(I)-O.UVmua
CLOUN(2)= 20N,
CLAUD (3)= 45,
Conuntay= 75,
SELMIDSY= 1900,

X"‘?)=l‘()o : it
X€3)y=3p,
X{(.4)=50n, :
X15)=k0,
TXE6Y=T0,
XUT)=30,
X(8)=90.,
X(a)=95, |
X(!Op-lﬂo,; 5
NOM=290 ©
IF  ANTAPE JLE. 0)
REWIND NTAPE

, READ (NTAPF) (Cu

1003 READ (5, &) &Cnx, BCDY

b READ (Syh) TITLE

6 FNRMAT(18A4) !

GO TA 1003

© . READ (5, 7)  IRESON, IMONTH, ITIME, NOP, IRET
T FNRMAT (514)
M=l

P2 1=1,300
DN 2 J=0,50
BUT,4)=0.
N=1 o
RAN = UPNNM(T)%100.
TE (RAN= CCULIRFGOMG IMONTH, ITIMF,1)) 10,10,11
10 1=1
60 T9 30

TN

PAGE 000°
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11€-12 AS

nn?qi

0039

0040
04l
0042
S NNg3
0044
0045
0046
0047
NDOAR
nnNeq.
0080
S 0081
0052
.. .0053
|1 0054
© 0055
0056
0057
0058
- 0059

NN6o

. 0061
0n62
0063
0054
00565

0ns6

0067
0068
0069
| noto0
L. 0071
0072
0073

0074

o07rs
0076
0077

i FnRrRAN 1V c LEVEL

R T
12

15
16

20

2y

‘?Si; ‘
CONTINUE =
IF(L=1) 35,1.00,35

20

35

205 |
207

e
212

215

217

Table A-4, Compu gr_Eno.gram L1st1ngs~-—Mente Carlo _(Cont)

MATN E ”;ﬁATF‘=’7011g

’“t’(ru([REPQN,IMQMTH.ITYHE, ))17'12.15

0T | " |
1F !PAM— FCU(!QFGQNoI“OVTH'IT!MF ?))16o16v20“‘
1=3 i :
GO TN 30 ; o

I (PAN- C”(IREC”NvIMUNTHvITlMF14’)21'21v25

I=4 e
60T B0
[=5

VIFW=100, - CLOUN(T)
DR'((IOO.—B(M N=1) )®=VIEW)/ 100.
ﬂ(“pN) REMy,N-1) +nDR
1€ (R(M,N)-100.) 40,100,100 T

IF (N-NOP) 41,50,50
N=M+1

GO TN 5 o
IF (M-NOM) 51, 200.200

M= M+1 , TR,
GOITN 4 i

00’105 J=N,NOP
BIM,J)=100,

GO 1O 50 !
CONTYINUF

DN. 400 N=1,NOP
ne 20s J=1,10

PO 300 M=1,NAM

CIF{REM,N)=1002) 710'707.707
DELIDYI=D(10) +1.

60 TO 300 L
TF(3(M,N) =95.) 21542124212

DEIY=D(3)+1,

GO TN 300~ e
TF(R(M,N) =900 220,217,217
DEA)=n(a) #1,

60 Tﬂ 300

20742740

PAGE 000:-
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11€-1L AS

1078
0079

- 00R0
LOERS

0082

L noR3y
0NRG
20038
. NORG
nogr?

NDAYR

_Nnea
L 0nan
B ,On‘q'l

0092

.0n93
| N09s
0naes
~ 0096 -
0097

0N98

0099
0100

20101

0102
0103

0104
. 0105

" ol06
o107
- 0108

0109

0110

o1

FNRTeAN TV 6 LEVFL

220
222

225
227

230
212

;3‘0

350

400

1010

CLE. (IRET)

Table A-4. _Computer Program L_i_gting_g - Monte Carlo (Cont)

y M0OD .2

IFCR{M,N)=-RD.)

NETI=N(T) +1
G0 .TA 300

IF(R(M,N)=70.)

DUEY=N(6) +1
o TAIN0

[F{nr(Mm, k)-ﬁ? )

NES)=N(5)+1,
GO TO 109 -

IE(81Mm, M)-“Q.)
DAY =Nl4) +1,

6O T 300

IF{B{M,N)=-20,)

DIE3)=DL3}) +1]

LG9 TN 300
TF(R(M,N)=10.)

0(2) NE2)+1.
GO TO 300

0 D(1I=N(1)+1.
- CANTINUE

FNOM = fOM

i MA [N~

2254222,22

2304227,227

235,232,232

2

240,237,237

2454262,247

250,267,247

P(IO)'(N(IO)/FNOM)*IOO.

DN-310 1=1,8
K=10-1

PlK)'((P(K)*100.)/FNHW)0P(K+1)

PLL)=U(DE1)I*100.)/ENOMI+P(2)
IF(N-1) 250,320,350
220 CALL PLNT (1,BCDX,RCDY,

1109 Xe Py Y0, TITLE, 77.0.'100.p0..100..1)

GN TO 400

DATF

7011%

20/42/40

CALL PLNT (0,8CDX, BFDYpIO'X P,IO,T[TLF 7290.11000;0.'1000vl’

CONTIMNUF

STNP
END

N

1 ’ ,J.,(O 0 l

PAGE 000
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| Table A-4. Computer Program Listings - Monte Carlo (Cont)

L T o Gl . : : ‘ o — R - ** e ‘ . !
| FORTRAN TV 6 LEVEL 1, Map 2 - MAIN : DATE = 70118 20742740 ) PAGE 000« - ,,fﬁgfu,jf;2af.4

[N

, T S D T SCALAR MAP :

| SYMADL _  LOGCATION SYMBOL  LOCATIGN—  SVYMBOL  LOCATION SYMBOL LOCATION SYMRQL LO¢
S INTG L L 2R NTAPF . 21C - NOM 220 - [REGON 224 IMONTH
ITIME o o22¢ . NOP 230 IRET L 234 M : 238 1

e d 240 N 244 | RAN 248 E : 24C VIEW

L o8 254 ~ FNOM 258 - K ; 25¢C ’ ‘

Pl o TARRAY MAP
SYMBNL. ~  LOCATION - SYMBOL -~ LOCATION SYMROL LOCATION SYMBOL LNCATION SYMBOL LO(

cceu T 0 om DBFO n 1CAFO P 1CR18 X 1
| OTITLE 1 1cBss CLOUD  1CBRO BCOX 1CRC4 . ®COY . . 1ccoc

e e b e e e . - -

B +) 3 SUBPROGRAMS CALLED
'SYMAOL  LOCATION SYMBOL ~ LOCATION SYMBAL LOCATION SYNBOL LOCATION  SymaoL L0t
IRCOM# 1.1CC54 . lRNDM UC,»CSB; URNDM 1CC5C oLOT ] 1€C60 ~

O?jYﬂ,

T T T T U TERRWAT, STATEMENT MAP
SYMBOL —LOCATION  SYMBOL  LOCATION "SYMBOL  LOCATION SYMBOL  LOCATION SYMBOL  LOC

v R I S ren VO T B B . R,

L1002 - -1ceoc 6 1CCE2 7T 1 1CCES o
g [T : L
L eelniamran S R
n 5.‘_ o
D '
-
T ie
o

IBMX00Y UeduaWYy YUoN




’ Space Division
North American Rockwell

A.4.2 Routine Variable Definitions in FORTRAN

N@M = pre-set (300) mission iteration number

g X(10) = percentages of area seen (routine constants, equal to
I+ 0,10, 30,50, 60, 70, 80, 90, 95 and 100 for I = 1,2.., 10)
{ CLQ@UD (5) = the representative cloud cover percentages corres-

ponding to the five cloud categories (defined as
0,20,40, 75, and 100)

N = current pass number
N@P = maximum number of passes
ﬁ: DB = defined above
‘. |
. B(M, N) = cumulative area seen
- A.4.3 Input Variables v
;"f ‘ 1. INTG = an integer which is used for initialization of the random
N z number generator process
NTAPE = tape unit number from which cumulative unconditional _ : '
2 statistics are read “
R A 2. IENTAPE >0, the tape is read once for CCU(29, 12, 8, 5) ?
L - unconditional cumulative cloud cover statistics generated hy the :
o ‘ : routine discussed in Section A.1 ;
| P )
e e : ;
Lk i ' E 3. BCDX,BCDY, TITLE = X - axis, Y - axis, and case title
. , : ' information for plotted output (three cards)
i R 4. IREGQN = region number of CCU to be used
3 o , IMG@NTH = month nu.rn'berktko be used
T ITIME = time index to be used
kR NGP E rha:éim.ui:‘a number of pkass'es
- R ARSI ] IRET 4 Opthﬁ to be used upon completion of: calculations for thls
- E ... case (1f IRET =0, cards 3 and 4 are repeated If -
S e LR IRET >0, return to card 1) ~

SD 71-311
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’ Space Division
North American Rockwell

A.4.4 Method of Solution for Continuous Viewing

The Monte Carlo solution begins by reading INTG, NTAPE, and the
CCU. Initialization then proceeds for setup of [X(I),I = 1, 10] as defined
above and for [CL@UD(J), J = 1, 5] . The random number generation
process is initiated by calling the NR system library routine IRNDM(INTG).

For each case using the set of CCU input, Cards 3 and 4 are read.

-Initialized to zero are all elements of B(M, N).

The following computation of B(M, N) is then performed for the region
and time. The mission iteration counter, M, is setto l. For pass number
N = 1,2,...,N@P, the following is performed:

A random number RAN is computed by using URNDM (NR system
function routine for random number generation) and converting the number
to a percentage. Then the cloud category, I, is computed by comparison
of RAN with CCU (IREG@N, IM@NTH, ITIME,I). For convenience, CC(I)
will be defined as the cumulative cloud statistics CCU for the region and
time. If RAN = CC(l), I = 1 andall B(M,J) for J = N, N@P are set to
100 percent and the next mission is taken. Othe rwise, the determination of
I is made such that CC(I-1) < RAN = CC(I). Then DB is computed as follows:

CL@UDU”

DB - [100 - B(M,N - 1))] [1 = 100

DB is then accumulated into B(M,N) as (B(M,N - 1) + DB). If
B(M, N) becomes 100 percent, then the mission is completed and the
remainder of B(M, N) is 100 percent for N to NGP passes.

, The process of computati‘on of DB and resultant B(M, N) continues for
all N@P passes and until M becomes equal to NM.

The final portion of the continuous viewing routine performs the com-
putation of the frequency distributions from B and the normalized percent
probabilities as functions of X percent area seen. " ' ' '

The‘prOcé‘Ss is rlpekrfOrmed as follows for N = 1, ...NG@P p‘as>s'efs;ﬂ

F‘requen‘cie's and probabiiifie,:s (%) are Set to zero (P(J) and D(J),

Then for the Nth mission of NOM, B(M,N) is compared with x(k),

ko= 10,9...2,1. Thatis, if B(M,N) X(K), then D(K) = D(K) + 1, Upon
~ completion of all NGM missions, the normalized percentage probabilities
- are computed as P(K) where "0 UL
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D(10) .
NGgm 00

D(9) * 100

P(10) =

PO) = S * P(10)
_ D(1) % 100
P(l) = =g+ P(2)

Finally, P(K) vs. X(K), K = 1,...10 are plotted for the Nth pass.

The routine finally returns for input of another region, time, and title

cards, if indicated by IRET = 0, or to the routine beginning for input of
another tape,

A.4.5 Input Data Spec1f1cat10ns (Monte Carlo for Continuous Viewing

Routme)
Card FORTRAN Variable Definitions
Sequence Nomenclature and Limitations Format
1 INTG An odd integer value to initiate 2I12
, ~random number generation (on
the NR-IBMS360 a recommended
~value is 1220703125
- NTAPE | Tape unit number from which
| cumulative unconditional
statistics are read CCU(29
~ regions, 12 months, 8LST
values, five cloud categories
2 | BCDX N vAIphameriC description of | 18A4
B ' | variable plotted along X axis of
output CRT's i
S3 BCDY il Alpharnericderscri‘ptiron of S 7k18A4 :
S : R ~ variable plotted along Y axis ofr T
: output CRTl ‘ '
- 4 : TI’I‘LE : Alphamerlc descrlptlon of area o 1,8A.4:} ;
SR o plotted T o
L o - e i - v A—43

N L SRR,




Card
Sequence

FORTRAN
Nomenclature

’ Space Division
North American Rockwell

Variable Definitions
and Limitations

Format

e

5

Comments
on IRET

Last card

IREGQN
IM@GNTH
ITIME
NQ@P
IRET

Region number to be used (<29)
Month number to be used (=12)
Index of L.ST to be used (=12)
Maximum number of passes
Option to be used upon com-
pletion of calculations for this
case

a. IRET =0, Cards 4 and 5
are repeated for another case.
Continue input for all required
calculations using NTAPE,

b. Input IRET >0 on last

card of the case using NTAPE,
then card sequence from 1
may be repeated.

/ and * in card column 1 and
2, respectively.

o A—ga
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APPENDIX B, CLOUD FREE RESOLUTION
ELEMENT STATISTICS PROGRAM

This computer program was developed to compute the number of
cloud-free elements in a FOV as a function varying element size and the
percentage of the total FOV for these cloud elements., The analytical and
logic methods are described in Section 3. 3. 4., 2 (Overlapping Routine) and
Section 3.3.4,3 (Road Elimination Routine),

This FORTRAN-IV (Level G) computer code consist of a main progra.m'
and two subroutines, which perform the general functions listed in Table B-1,

Table B-1. Computer Program Routines

Routine Name Reference - Functional Use

Main Program Figure B-1 Reads the input data, selects
the desired digitized picture
tape file, prints the input data
and calls subroutines STAHOL
to compute statistics

Subroutine STAHOL Figure B-2 Reads the input tape intensity
‘ : data, computes basic and nor-

‘malized percentage of cloud-
free resolution elements,
applies area elimination
criteria, prints computed
| statistics, and calls subroutine
- ELMSC |

Subroutine | Figure B-2 | Implements point elimination
s ’ ' | : ~ criteria by converting cloud
points (1's) to cloud-free
 points (0's)

CRI
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B.1 MAIN PROGRAM

The main program (Figure B-1) reads the input data according to the
format in Table B-2 and prints the input data. Then NELPER (minimum
scan line cloud length) is converted to minimum cloud fraction (CELPER).
From statement numbers 11 to 14, tape file NF is selected for the first -
digitized data case to be processed. The identification record is skipped
and subroutine STAHOL is called to read for the next data case. If there is
no additional data, the computer run is terminated after ‘reading an end -of -
file, Otherwise, the program continues by reading the data for the next
case and either skipping to the next file or rewinding the tape and going to
statement number 11 to search for the file. The FORTRAN variable KT is

used as a record counter for diagnostic print out if a record read error is
encountered.

If the next picture file directly follows the previously used tape file, a
transfer is made to statement number 15 to computer the cloud statistics by
call subroutine STAHOL,

B,2 SUBROUTINE STAHOL

This routine (Figure B-2) executes the cloud-free probability statistics
and is the major portion of the program. This routine begins by 'defining four
data arrays and the computing the number of resolution sizes, for square
resolution elements, in the input scan line point length (NMAXL). Since
the resolution element lengths are selected to increase by multiples of 2,
the number of different resolution element sizes is (NNS) where ‘

2NN aMaxL

Solving for NNL and adding a small value to co'mpehsa,te for round-off errors,
we get o R ;

NNS = Integral part of ‘lnhl:Il;/hAaXL + 0.1

The repetitive loop controlling statementft..ninﬁber 1100 computes the number
of resolution elements V(NMAXLI) in the ,,t;ot;a'.l line point length (FOV) as a
function of the particular resolution length. The values are summed as

- NMAXIA which is the amount of core storage required for (see Sec- ‘
tion 3. 3. 4. 2) all the horizontal resolution elements for 100 percent overlap,

- The '"DO LOOPS" ending with statement numbers 10, 1, 9, and 11 initialize
or zero several a'r*‘ra’.y,s ‘and compute NNI where | . -

SD 71-311
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’ Space Division

North American Rockwell

1O[INPUT: 1. 1POS, JPOS, NH, NV, NG, J-END OF INPUY
INLNREC, IWMODE , ITHRES, | CARD DATiA
NMAXL, NELPER, MINCLD

2. INTAPE, NF, NPACK,CASE |

READ AND PRINT T
INPUT DATA
FOR FIRST PIC TURE PRINT: 1. IPOS, JPOS, NH, NV, NG
{TAPE FILE) 2. NTAPE, NF, NPACK, NLNREC
3. CASE
4. ITHRES, NELPER, MINCLD
(LCELPER = 0. 01 (NELPER) |
Y
' PREWIND NTAPE
NFI = NF" N
<1
Lo 14 1FL =1, NENDF ]
SELECT FIRST TAME 12
FILE (PICTURE) r———{_READ NTAPE AND COUNT RECORD | o

YES | PRINT RECORD NO.
C_ERROR [ AND FILE NO.

NO o v

STOP

NO ~END
FILE

YES
14| coNTINGE : ‘ _—

|5 KT - v
IFL= NF y
SKIP FIRST RECORD OF B 1
FILE NO. NF ON NTAPE

&
READ TAPE FILE L
FOV CLOUD FReE SEE —
V CLOUD FREE SEEING
PROSABILITIES ; CALL STAHOL (NLNREC, NMAXL, ITHRES,
, NTAPE, NF, CELPER, MINCLD)
NFI = NF
BACKSPACE NTAPE
- ONE RECORD

L. READ NTAPE TO END OF FILE NO. NF }

INPUT: NE, ITHRES, NELFER, | INPUT : b 4
MINCLD CASE RD DATA S

READ AND PRINT

~INPUT DATA
FOR NEXT PIC TURE
(TAPE FILE) - pr—
L cerper=0.01 (neLRER) |
PRINT: 1 CASE, NF
2. ITHRES, NELFER, MINCLD
L NFOEL = NF - NET ]
e : " SELECT NEXT
S S TAPE FILE (PICTURE)
S
- : S : PR S ;9°°° STOP

,,Fi‘g"ure,,B f»l.' Cloud Free Resolutmn Element Statlstlcs Program I L
o o (Main Program Routme) SRR =

B-3
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14t

INITWLIZATION

SELECT AND READ

TAPE RECORD CONTAINING

THE ITH LINE DATA

"DEFINE LINE
ENDPOINTS.
POSITION IN
THE INTENSITY
ARRAYTXV(13), 1]

E 3010

SEPARATE CLOUD 'NO CLOUD. .-
POINTS WITH THRESHOLD

- ROAD AND. SNI‘Q}S’
POINT ELIMINATION | .

BOUTINE STAMOL

28

CELPER, MINCLD)

NEEC, NMAXL, |THaES, NTAPE,

— !

SET CONSTANTS;

NOVIA), 1= 1, 4)=1, 3,
(422 0), terd)ai, 1, 2]
(R, 1=1,41,3,1,23

’

2
2’

4

¥

LOG L .
S s

N=i
NMAXIA = 0

NMAXLI = NMAXL

DO 1100 | = ¥, NNS

NMA XLT = (NMAXLT} 2
NMAXIA = NMAXL |

1100

+ NMAX 1A

COMPUTE HORIZONTAL
OVERLAP NO, OF
CLOUD POINTS FOR
EACH SCAN LiNE

N = 2N,
N=N
FNOV = NOV -)

O NNI NOV, NI) = 0,25 FN - FNOV
DISICT (NOV, Ni)u g

IKNT (NOV, Ni) =0

9 L IKN (NOV, NI} = o

DO 10 NGV = 1, 4
[_N=) ]

+1.

Y

ICTLAINOV, 11) = 0
ICTLASINGVL, NOV, 11)= 0

AND.-NOVL = | 4

FOR It = 1, NMAXIA; NOV = 1, 4

‘

NRECKT = 0

DO 600 | = |, NMAXL

THE

NOV « NOV1 (NOVI)

¥ =0

HDX (NOVY, 1) = 0

INV = [NOV-1) N/4) +1
N2 = [NMAXL; - INY + TN

IN NOV, NI} = N2

T

0F 3= JuL NOVS ; | '
11 = NOK (B, Nj-1)

34 = 1)) NOV) 42 (J-1)

ICTLY(N = ICTA (B, J)1)

HCRA LR, )1+ 1)

CONTINUE

1152 NDX (NOV, NI) + )
122 NDX (NOV, NI + 1)
nl= 0

JJ %200 (NOVY 4 2(J-1)
1CTL3 4y = IC (1))
+1C ey

40

sof R~dz+t ‘
ICTLA (NOV, It} = ICTL3 (J;I

OVERLAP COMPMUTATIONS

READ FROM NTAPE:
V), 1U1= 1,3072),
ERROR AND _END-OF-FILE CHECK

IF END-OF-FILE, PRINT AND RETURN

NRECKT = |

NLUINY = (NRECKT=1) NLNREC +
NLIN2 = NLINTTF NLNREC -]

'NUNI> T NLI

NLINI S 1 NLIN?

N2

NRECKT = NRECKT +. 1; R

READ FROM NYAPE-(XV()]),

1 £1,3072)

ERROR AND END-OF-FILE CHECK

3020 I NAC = 1 - NLINT + 1

1115 1LNRC <1)  NMAXL +1

02 = 111+ NMAXL -1
D=0 @

DO:3030: 1O = 111, 112

(FESV

XVLI0) = XV (HO)
L
e

. COMPUTE VERTICAL
“OVERLAP, NO, OF
CLOUD_POINTS. -

DEFINE ALL
POINTS
AS CLOUD FRtE

i) =
CMANGE -

TO CLovwD
POINTY

N

DO M0 il = 1), 12

Space Division
North Amernican Rockwel!

n

,
,;g
i

ICY « ICTLAS (NO!

PRINT: ICT NO, 1 X |
CLOUD POINTS

m FICT =iCT

FRICT = FICTASQN

IKNT (NOVL, NI} = IKNT (NOVL, Nit) +1
VL, NOV,_ 1)

(ELIMINATE

DISICY (NOVL, NIT) ELEMENTS Wi
I = DISICT (NOVL, N1y +1_| [hEeERTS WITH

cmﬁ?x%ovm
B[ ICTLAS(NOVE, NGV, 1) = 0 Jacnul COVER)]

i ; E ;
HT = 1T ¢ IKNN - = ors

DIT =:DIT + DISICT (NOY..,!ﬂ

SUM COMPLETED
RESOLUTION
SQUARE ELEMENTS

et

PRINT: N (ELEM GRID SIZE),

NOV (OVERLAP INDEX),

IKNT{NOV 1I) {NO, GRID ELEMENTS)
DISICT-(NOV, 11) {NO. 'CLOUD FREE ELEM|

FIT =11
FR = DITAFIT

SUM AND NORMALIZE
NUMBER OF CLOUD
FREE RESOLUTION
ELEMENTS .

Hl = NOX NOV, NIj) +|
2 - NDX INOV, NI) + 1}

20
ICTASINOVL, NOV, 11} = ICTLA
SICTLAS (NOVL, NOV, 1)

IIONEINOVL, NHiY.
= KN (NOVL, NIl +}

PRINT: N (NO, 1 X 1.CLOUD POINTS),
1T fTOT. NO, CLOUD + CLOUD FREE #TS),

FR (CLOUD FREE FAACTION)

mf

NN=N*N
FIN. = INN
FRN = 1 - FIN/FNN

]

PRINT: 1NN (NO. 1 X}
N2 (TOT, NQ. CLOUD +

- FEN. (FINAL CLOUD FREE FRACTION)

CLOUD PTS),
CLOUD FREE PTS)

B-4 o
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’ Space Division
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Table B-2., Cloud Statistics Program Input Data Format

Card FORTRAN -
Sequence Variable Description Nomenclature | Format
1 a. Vertival origin of resolu- IPOS 1216

tion element in intensity
grid (use 1)

b, Horizontal origin of resolu- IPOS
tion element in intensity
grid (use 1)

c. Number of horizontal and NH, NV
vertical resolution elements
(use 1, 1)

d. Reselufion element linear NG

point length (number of
points per line)

e. *Number of lines (intensity NLNREC
points) per input tape record

f. A special logic dummy IWMODE
variable to be used for pro-
gram expansion

B g. Cloud/background threshold ITHRES
F e intensity |
h. Number of scan lines per - NMAXL
e digitized picture ‘
. ic Maximum permissible per- | NELPER
s ; ~ centage FOV cloud area ‘ | ?
R ~ defined as cloud-free
S joo Minimum permissible cloud | ,MIN’CLD
j Ly ~ length or road length or : o ‘
: j | - spurious point length =
3;: : ‘ ="S'ever;e“l4l;1h‘es‘" may be packed in one 1nput tape record and the Inforrnatlon
o International (Los Angeles, Calif. ) d1g1t1zat10n process usually uses
ot 3072 po1nts per record s ' o ' ‘

e | | SD 71-311
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Table B-2. Cloud Statistics Program Input Data Format (Continued)
Card FORTRAN
Sequence Varia’bl‘e Description Nomenclature | Format
2 a. Tape unit number which NTAPE 316

contains intensity point
input data

o b. File number of the picture NF
to be processed

C. A dummy variable for future NPACK

use (use 1)

§ d.  Problem identification title CASE 15A4

e Comment | This concludes the data for the Comment Com -

: first case. For additional cases, ment
. the following cards must be added

| ‘ for each case

3 etc, a. For an additional case use NF | 216
the same yaluq used at
card location (2b). If NF

= 0, return to card location
(la.) or the end of the data
set. : ‘ '
'b. See (lg) | T ITHRES
, i : | c. See (1i) S B - NELPER 213
‘ S | 4. See (1j) o | MINCLD

~e. See(2d - | CASE | 15A4

_ sD71-311




&
Viwelid

‘ Space Division
’ North American Rockwell

NNI (NOV, NNI) = number of whole resolution element lengths for a
line length as a function of overlap type (NOV)
and re},,solution size index, NI.

The rather large "DO LOOP" terminating at 600 computes the number of
cloud-free resolution elements for the entire FOV as a function of resolution
element size. Index I refers to the Ith scan line,

The section of routine, starting at DO 600 and up to statement num-
ber 3020, performs the following functions:

1. Counts the number of tape records (NRECKT) which have been
read

2. Computes the first (NLIN1) and last (NLIN2) scan line numbers
in the last record read into core

3. Continues to read records until the record containing the Ith scan
line is located i.e. until

NLINl =< I < NLINZ2

4. Prints diagnostic messages and data if a tape read error is
encountered,

-5,  Reads the six bit word intensity data as 1 byte - 8 bit Logical *]1
variables '

If the pli'ogré;m sucicé‘yssfully locates and reads the desired scan line data,
at statement number 3020, the first and last position subscripts of the Ith
line in the intensity point array (XV) is computed as IIl and II2. This is

- necessary because each record contains NLNREC scan lines.

s Next, in the DO LOOP 3030,Mthe int-e_zf;éity points :varia.bles are trans -
forme‘dﬁfbm Logical *1 variables (XV) to Logical *4 variables (XVI = ICL),
which are neceéssary for computations. The use of Logical *1 variables was

an intermediate step required to read the 6-bit formra-i_xt which is not _gli.rec'tl\y
compatable with the IBM 32 -bit word configuration. After initializing the

cloud indicator array IC (cloud = 1, clear = 0) to a,i'I“f’leu:r -free points, the |
points intensities (ICL) are compared with the threshold intensity (ITHRES)

~and clbud;points are redefined as ones in the IC array., The direction of the
~ threshold inequalityis reversed for positive and negative film.

| 'I‘heh subroutine EMSCL is ‘callyevd to convert roads and 5purious pointé‘ '

','mis'é.,b’l’ed'a‘s» clouds into clear points (zeros) in the IC array.

SD 71-311




B,4 INPUT AND OUTPUT DATA FORMAT

~data format is illustrated in Figure 3-22,

 B.5 PROGRAM EXECUTION TIME AND COST PER PICTURE

~on the IBM system for the 512 x 512 grid.

- approximately 40 times the IBM S360 -'vMod’"efl 85. ex’efcutiﬁon time,

’ Space Division
North American Rockwell o

After point elimination, the DO 1000 LOOP computes the cloud point
accumulative contribution to the horizontal overlap resolution elements. It
starts by computing the first resolution elements first point location in the
cloud indicator array (IC) and the number (IN2) of whole resolution element
lengths in the scan line as a function of the element size (NI) and the hori-
zontal overlap type (NOV), Then the cloud points cortributions to the 2 by 2
resolution elements are computed followed by successive summations to
compute contributions for the remaining resolution element sizes, These
accumulative cloud points are stored in the ICTLA array,

The next program sequence controlled by the loop DO 500 vertical
accumulates the scan line data to complete resolution elements and stores
the data in the ICTLAS array as the number of cloud points for IIth resolu-
tion element size, NOVth horizontal overlap type and the NOV Lth vertical
overlap type. At statement number 222, the resolution element cloud cover
fraction (FRICT) is computed and compared with the minimum threshold
cloud fraction (CELPER) for a cloud resolution element. Next, the number
of cloud-free resolution elements are stored in the DISICT array as a function
of the Ilth resolution element size and the NOVLth overlap type. The number
of resolution cloud-free elements have been accumulated for all horizontal
overlap configurations in the DISICT array.

In the final segment of the program, starting at DO LOOP 700, the
number of cloud-free resolution elements is summed as the variable DIT
and normalized by the total number of resolution elements FIT. Then the
cloud-free percentages are printed as a function of resolution element size,

B.3 SUBROUTINE ELMSCL

This subroutinefs logic is relatively easy to follow, It cdnverts the
input cloud point array IC into a modified array with the same name by
eliminating spurious points and roads (See Figure B-3), : '

The format of the input data is described in Table B-2 and the output

~~ The program erxekcutyion‘ytime, is ayppro:é’i‘rﬁately I minute of IBM
S360 - Model 85 time for a 512 x 512 grid. The cost is approximate $15

- , TVhe kcdrrlésponding r,érﬁnning‘time; for vthe' C.D’C 92;4-A,Model is

§D 71-311 4
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Because of the large number of computations performed by this
computer program, it is computationally bound rather than input/output
bound.

B.6 PROGRAM LISTINGS

Table B-3 includes a FORTRAN IV type listing of the computer
routines as designated in Table B-1,

B~9
~SD71-311




SUBROUTINE ELMSCL

o, NMAXL MINCLD ,CELPER, IC)‘

1

IFLAG =0
ICLD =0

’ . Space Division
North American Rockwell

ICLD S MINCLD

ICLD > MINCLD

IK NCLD (ICLD) = IKNCLD (ICLD) +1 I

—{ Got08 | ‘

y

&0 Ml = J=iICLD

M2 = J-1

DOIOI"I

NMAXL

10

IKNCLD (1) = 0

Y

300 CONTINUE —_—

v
KO =0
K1 =0

¥

DO 100 J =1, NMAXL

KO=IC(J)

Kl = KO

y

20 K1 =I1C(J)

 MI=JcICLD + 1 |
L 50| M2=) — -

CONTINUE

M2 = M1

oo7o~\ MT,
700 IcM) =

M2

80 ‘

—»{ - icw =0

ICLD = ICLD + IC(J)

R

. CONTINUE

‘! IOLIT?RINI:JKNCLDU), i=

1, NMAXL

200 | CONTINUE

Flgure B 3 Road and SPunOus Point Ehmmatmn Routlne?
(Subroutlne ELMSCL) S
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Table B-3, kﬁ‘_(_:loud Distribution 1 Statistics (FOV) Program

MA[N PROGRAM FOR CLOUD DISTRIBUTION STAT SIATISTICAL COMPUTATIONS ;
CLOUD FREE SEEING PROBABILITY VERSUS . SENSOR™FTELD-OF-VIEW SIZE
TAPtS lNPUT CONTAIN DIGITIZED FILM INTENSITY GRID DATA ' ) , !

DIMENSIUN CASE( 15)

e pe0e

1 FORMAT (1216)
- | 2 FORMAT (316, 15A4) |
e '3 FORMAT ('1%, 4X,'VERTICAL', 2X, 'HORIZONTAL®, 2X, *NO. VERTICAL',
s e 2Xy 'NO. HORIZUNTAL', 2X, *ELEMENT "7 5X, YORIGIN', 4X,
f!,,,,;,'f* ~ 'ORIGIN®,6X, 'ELEMENTS',5X, 'ELEMENTS®,6X, 'GRID SIZE'/
e 1 USXy 17y 5Xy 15, TX, 15, 8X, 15, 9X, 15) )
4 FORMAT (*0*, 4X, 'INPUT GRID TAPE UNIT =', 13, 10X, o
f - !TAPE FILE USED =', 14/ 5X, 'PACKING MODE (1-NO/2-YES) =,
* 13, 10X, *NO. LINES/RECORD =', 15) |
5 FORMAT (104, 4Xy 15A4, 5X, 16)
6 FORMAT (5A4) | , ,
T FORMAT (0, 4X, *THRESHHOLD INTENSITY =%, 16,4X,71CLOUD ELIM. (=1,
1143 *MINIMUN CLOUD POINTS-1=1,14) SR —
c. - ) L -
10 READ (5, 1, END=9000) .| [POS, JPOS, NH, NV, NG+ NLNREC,WQ
M T IWMODE, ITHRES, NMAXL. NELPER,MINCLD d
L  READ (5, 2) NTAPE, NF, NPACK, CASE
WRITE (6, 3) IPOS, JPOS, NH, NV, NG
WRITE (6, 4) NTAPE, NF, NPACK, NLNREC
~ WRITE (6, 5) CASE
WRITE {6y 7) [ITHRES,NELPER,MINCLD
* AELPER=NELPER
 CELPER=AELPER*1.0E-2

o *

it-d

Rl o

\s

- LOCATE FILE NF e =
11 REWIND NTAPE g
~ NF1 = NF
IF- (NF .LE. 1) GO TO 15
SR ~ NENDF = NF - 1 | '
S . DO 14 IFL = 1, NENDF
o KT =0
| 12 READ (NTAPE, 6, ERR=13, END=14) (DUM, I = 1, 5)
KT = KT + 1 e

uojsiAlq aoedg

: 60 TO 12
7 14 CONTINUE
5 S GO TDU15
C . ERROR EXIT

([BM>00Y UedLaWY YLON]
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~Table B-3 ‘Cliokudk‘Distribution,St‘atistjigs_(“EOV) Program (Cont)

' ‘ ‘ . S , ‘t_,mw_ “'””ﬂ’"ﬁ ==02
HRITE (6' 16) CIFLy KT . . : e
FORMAT ( 0' 4X. *FILE'»1%y ' IS NOT READABLE AT _RECORD', 17)

‘STOP

'IFLW’ NF

 READ (NTAPE' 69 ERR 333) lDUMp I = 1y 5)

CONTINUE

60 T0 (21, 31), IHMODE ,5 -

CALL STAHOL (NLNREC, NMAXL, erRES. NTAPE, NF,CELPER, MINCLD)
NFL-= NF, = —

" BACKSPACE NTAPE BN L ~ S, - —

READ (NTAPE, 6, END=23) (uun. i =1y 5) . i

GO TO 22

READ (5, 24, END=9000) NF, ITHRES. NELPER, MINCLD, CASE
FORMAT (216, 213, 15A4) I A B :

,CELPER = 0.01 * FLOAT (NELPER)

~IF (NF .LE. 0) GO TO 10

“WRITE (69 5) CASE, NF

~ WRITE (6, 7) [ITHRES, NELPER, MINCLD ‘
- NFDEL = NF - NF1 | ol .

IF (NFDEL --1) ils 15, 11

OPTION TO BE ADDtD

ICONTINUE
60 10 10

~16
15 K
333
c
22
23
24
31
9000
c
;‘c ‘
<
, *
e
x

sTop ' ' . |
END : ' ENDM
SUBROUTINE STAHOL (NLNREC.. NMAXLy ITHRES, NTAPE,—NFi

i CELPER, MINCLD) o o

COMPUTES CLOUD-FREE SEEING PROBABILITY

LOGICAL * 1 XV(3072)
"LOGICAL * 4 XVI(3072)
DIMENSION - ICL(3072), IC(1024), NOV1(4), JJJ(4), NB(16),
‘ NNI(4y12)y DISICT(4,12), IKNT4412), IKN(%,12),
ICTLA(441023), ICTLAS(4,4,1023), INU4,12), JIL(4), -
x "ICIL3(1023)p NDX(4412), TDN(12)
EQUIVALENCE AXVICL)y ICL(L) )

,DAIA NUVI/Iv3'204/

s
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'I“a'blem B-v-;3‘. Cloud Distribution Statist_i—c-a‘s (FOV) Program (Cont)

| ,,:DATA JJJ/l,l.z.ZI__
| S U DATA JJL/10311’3/< v
/3000 FORMAT (255(6A1), 255(6Al). 2(6Al) )
‘ - FNMAXL=NMAXL
NNS=(ALOG(FNMAXL)/ALOG(2.0))+0. 1 =
N=1
DO 3001 I=1, NNS
 N=2%N R o
. FNSQ=N%N : ; o
TON(I)=10. O/FNSQ :
Gl 3001 CONTINUE
b . NMAXIA=0 ‘
T Lo NMAXLL=NMAXL o -
Lo DO 1100 [=1,NNS
0 NMAXL1=NMAXL1/2 .
1100 NMAX]A= NMAXIA+NMAXL1
: DO 10 NOV=1,4 T : SR
N=1 .
DO 10 NI=1,NNS ‘ : ' ‘
‘N=2%N
 FN=N e
- FNOV=NOV-1 | _
10 NNI(NOV,NI)=0. ZS*FN*FNOV*I 1
DO 1 NOV=1,4
DO I NI=1,NNS
DO 1 L=1,11 B
- L DISICT(NOV,NI )=0.0 , e T
D0 -9 'NOV=1,4 : ’ o ‘ :
~IKNT(NOV,L)=0.0 ‘ R L
IKNINOV,L)=0
DO /11 NOVL=1,4
DO 11 NOV=1,4
DO 11 II=1,NMAXIA
~ICTLAINOV,11)=0 ,
11 lCTLAS(NOVL NOV,11)= o

el-dg

W

“TTe=1. as
0

NRECKT = 0
DO 600 I
J2=0 |
IF (NRECKT .GT: 0) GO TO 3010

READ INTAPE, 30004 ERR=3002, END=3090) (XVIIJ), IJ = 1, 3072)
NRECKT = 1 i R B

= L'y NMAXL

(1BMO0Y UeduBLUY YLON
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. 60 TO 3010 ‘
3002 WRITE (64 3003) NF, NRECKT : ,
13003 FORMAT (40", SXW”'FIEE lS NOT READABLE. RECORD IS*y 15)
i . STup , j o |
. C . COGMPUTE INDICES OF LINFS IN RECORD
3010 NLINL = {NRECKT - 1) * NLNREC + 1
- NLIN2 = NLIN1 + NLNREC - | !
b IF  (NLIN1 «LE. I .AND. I .LE. NLIN2), GO T0 3020
b 'NRECKT = NRECKT + 1 - o
" READ (NTAPE, 3000, ERR=3002, END=3090) (XV(IJ). IJ = 1y 3072)
4.+ 6O TO 3010
o c PICK UP ELEMENTS OF I-TH LINE
3020 ILNRC = ]| - NLIN1l + 1
€ DEFINE CLOUDS WITH IC COMPARED TO THRECHHOLD INTENSITY,
o NHERE IC = 0, CLEAR AND IC = 1, CLOUD.
Il = (ILNRC - 1) * NMAXL + 1
112 =111 + NMAXL - |
IJd =0
00 3030 110 = 111, 112 ‘
XVI(LIO) = xv(1I1Q) ot -
IJ = 10 + 1 '
S ICtId) = 0 ‘ .
IR ICcLETIo) .GE.fITHRES) Ictry =1
3030 CONTINUE
‘ fCALL ELMSCL ( I.NMAxL.MINCLD.CELPER.lC)

vi-d

NeL | N | e e
DO 1000 NI= 1 NNS e e E ' SRR LR
N=2#N e , R
DO 1000 NOVI= 1 4
o NOvs NOVI(NOVI)
b 1px=0
J PR

]

NDX(NOV, 1)=0 ;
JINLI=(((NOV-1)%N)/4)+1 ,
~JN2=(NMAXL-(JUNLI-1))/N £ : ‘
y - JNINOV,N] )=JN2 A 3 @ ,‘
il  IF(JUN2.£Q.0) GG TO 1000 > 8 . |
: - IDX =JN2 g C.
 NDX(NOV,NI+1)= IDX+NDX(NOV /NI ) 3 <
- DO 40 y=1,UN2 8 o
IFINI.GT.1) GO TO 30 " 38
~ IFINOV.EQ.2) GO TO 1000 9 .
- IFINOV.EQ.4) GO TO 1000 | | ] .
3 ! i 3




Table B-_‘3. Cloud Distribution Statistics (FOV) Program (Cont)

SRR : S ; S ‘ g ot e ==05
L T IEIIIINOV )4 2% (J=1) ‘ 1 :
g ICTLB(J)-IC(JJY"IC(JJ+1)
- G0 TD 40
30 J3=JJLINOV) .
o I1=NDX(J3,NI-1)
CII=IIIINOV) $2% (- 1)
S Jddl=11+4y -
s ICVLB(J)-[CTLA(J3'JJ1)+ICTLA(J3'JJ1+1)—~
40 CONTINUE
~ TI=NDX{NUV,NI)+1
T2=NDXINOV,NI+1) - EER . ;
L g2=0 i : —_—
L DO S0 Ti=11,12 L :
O L J2=202+1 |
50 ICTLA(NOV,II)=ICTL3(J2)
.+ 1000 CONTINUE
i“*" DO 500 NUVL=1,4
L o Nel
b DO 500 NII=1,NNS
b - N=2#*N

- FSQN=N*N
IFINI1.6T.1) GO TO 31
IF(NOVL.EQ.2) GO TO 500

~_ 1FINUOVL.EQ.4) GO TO 500 o , , TR |
31 CONTINUE - ‘ e
~ NITO=NNI{NOVL,NIT) I : B A TIPS B P
CIF(T.LT. NII0) 60 TO 500 L B T ‘
L - IN2=UNINOV,NIT) L - | i s v
Ry . IFINI1.GT.1) 6O TO 33 | ‘ o
- IFINOV.EQ.2) GO TO 220
. IFINUV.EQ.4) GO TO 220
33 CONTINUE
IF(JN2.EQ.0) GO TO 220

si-d

I1e-TL AS

Y

“ IL=NDX(NOV,NII)+1 zZo
~ 12=NDX(NOV,NI1+1) 3 0
DO 210 II=11,12 > 8
: ICTLAS(NOVL, NOV.II)—ICTLAS(NOVL.NOV:II)*ICTLA(NUV.II) 3 o -
210 CONTINUE 8 <
. IFINDV.GT.1) GO TO 270 - § @
b lKN(NOVL.NlI)—IKN(NOVL-NII)+1 - S > S :
270 CONTINUE 9 I
' IKNL=TKN(NOVL,NII) 3 i




11¢-1L AS

Ta_bl‘e,B-l3.‘ Cloud Disigibution Statistics (E OV) Program (Cont)

i - ==06
R lF(lKNl EQ.N) GO TO 250 : _— :
. IFLAG=0
. 60 TO 220
250 CONTINUE
: IFLAG=1 |
DO 230 I1I=11,12 :
' IKNT(NOVL,NII)= lKNT(NOVL.NII)*l
. ICT=ICTLASINOVL,NOV,II}) - '
 IF(N.NE.NMAXL) GO TO 222
IF({1.NE.NMAXL) GO TO 222
s HR!TE (65, 9001) ICT | - |
9001 FORMAT (6X, 'NUMBER OF 1X1 CLOUD POINTS =', I12)
~INN=[CT ' .
222 CONTINUE
- FICT=ICT i
FRICT= FICT/FSQN

TEST FOV CLUUD FREE PERCENTAGE (FRICT) AND DEFINE AS
© CLOUD FREE IF LESS THEN PRESELECTED VALUE (CELPER).
le(FRlCT.GT CELPER) GO TO 240
. DISICT(NOVL,NII)=DISICT(NOVL,NII)+1.0
kzao CONTINUE B
230 ICTLAS(NOVL,NOV,11)= 0
220 CONT INUE _ -
“JIF(IFLAG NE.1) GO TO 500
U IKNINOVLGNIT ) =0 ‘
500 CONTINUE PR
5 .:600 CONTINUE T T
S UN=T : :
-~ DO T00 11=1.N~s
" N=2#N
L 1T=0 ~”i
U DIT=0
U WRITE (6, 9002) ;
9002 FORMAT (6Xy "ELEMENT GRID SIZE', 3X, 'OVERLAP INDEX*, 7X,
* S *NO. GRID ELEMENTS', 3X, 'NO. CLOUD FREE ELEMENTS')
DO 710 NOV=1,4
. IF(11.6T.1) GO TO 32
- IF(NOV.EQ.2) GO TO 710
- IFINOV.EQ.4) GO TO 710
32 CONTINUE
© " IKNN=IKNT(NOV,I1)
'IF(IKNN EQ.0) GO TO 710

i
0!
i

91-9

s
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| ‘ | " Ee Tablei B-3, kCloud‘Distributiojn_{Statistics (FOV) Program (Cont)

IT=IT#IKNN—= T AR : ' T o
DIT=DIT+DISICT(NOV,I1) , T
. WRITE(6,2010) N, NOV, IKNT(NOV,I1), DISICT(NOV,II) '
2010 FORMAT (6X, 110, 9X, 110, 10X, 110. 14X, F12.5)
. T10 CONTINUE , ‘
- : Flr.lr
. FR=DIT/FIT
CWRITE(6,211) NyIT,FR
211 FORMAT (6X, *NO. -1X1 CLOUD POINTS =%, 112, 6X, :
x *TOT. NO. CLOUD + CLOUD FREE PTS =%, [12/ f
2 6Xy, *'CLOUD FREE FRACTION =', F12.5) ) L
700 CONTINUEr I : o
Lo NSQsNEN o ' | At
: © 0 FNN=NSQ R , i
© " FIN=INN ,
~FRN=FIN/FNN
. FRN=1.C~FRN
: g‘HRlTE(6.211),lNN;NSQ'ERNﬁ_M
L " RETURN ) ,
o 3090 WRITE (6, 3091) NF, NRECKT
3091 FORMAT ('0', 4X, *NO. RECORDS IN FILE' T4, * IS*, [5)
. RETURN I s e —
END . ENDS1 -
~ 'SUBRUUTINE ELMSCL (II.NMAXL. MINCLD CELPER. IC)

w':'.m 'W»‘K‘»‘{M“ J\A‘T.."_"“A' 3
P I T

i R

S A
STty

ELIMINATES ROADS AND SPURIUUS POXNTS ‘ : r

olnsnsxon 1C(1024), IKNCLD(1024) T "lk‘é. i
THlS—ROUTINE COMPUTES THE CLOUD SIZE. oxsraxnur:ou | Lo cLo @

00 ocoa

11€-1L AS

IFLAG = o

ICLD = 0 ;
IF(I1.NE.1) GO TO 300

o DO 10 I = 1y NMAXL — -

10 IKNCLD(I) = O ~ L

| 300 CONTINUE

\p

PR . KD=0 e e—
S K1=0 .

i e DO 100 J = 1, NMAXL
K0=K1 ' R
IF. (J .NE. 1) GO TO 20
KO = IC(J)

[I8MO0Y UeoLIBWY YHON

o S T S Sl

: bt i s st ebisiab gt o e ks s e, e e L T . . D
& ! : : i . . . o 1
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h Table _B;3.' : CloudﬁDi‘;s-f—l?—i-bution Statistics (FOV) Progran} (Cont)

e A% AL o , e o ' . ==08
o Kl=kQ o B e |

... 60 TO 30 S o

L 20 K1 = IC(Y)

I g KO .€EQ. 0) GO TO 30
U TF Y (KO oNE. 0) G0 TO 40
30 ICLD = ICLD + IC(y) a
Lo TF(JGEQ.NMAXL) GO TO 40 ‘
S b GO T0 100 ,

b - 40 IF (ICLD .LE. MINCLD) GO TO 60
i . IKNCLD{ICLD) = TKNCLDUICLD) + 1

L GO TO 80 o
. 80 Ml =y - 1cLp |
5 L M2 =g - ST
i . IF(ICLD.EQ.0) GO, TG 500
2 . IFLJ.NE.NMAXL) GO TO 500 =
- Ml=g-ICLD+1 |
o M2=yg :
500 CONTINUE B e
~ IF(ICLD.EQ.0) M2=M1_
DO 70 M = M1, M2 |
© . TO IC(M) = o N
80 ICLD = o
100 CONTINUE : pd
~ IFUIIL.LT.NMAXL) GO TO 200

_.__' o ‘ *“R I ',E (6 '- 101 ) e ('ikaf_ﬁ("j) ;ﬂJ =,.7 [;' .N.F_A,XL#). I e e e ettt g e i i - - am e e s - a ) . . e . v .' " - N
101 FORMAT (*0*, 10X, *CLOUD SIZE DISTRIBUTION FUNCTION®/ LT e
N (2X, 1616) ) , R T - o
| 200 CONTINUE | N . -
g RETURN . . ; o

.. .END " o

- ENDS2

R s et e S ke i

i

Y,

| IIg-u_qs : :
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’ Space Division
North American Rockwell

APPENDIX C. SINGLE LOOK PROBABILITY OF SEEING RESULTS

SAMPLE OUTPUT

Perfect Resolution Probability of Seeing Computer Program

Subroutine: Single - Look Viewing (Seeing Prescribed Amount in Single -
Look)

Cloud Statistics: Basic 30-nm FOV Enlarged for 100-nm FOV

Computed Relationship: The relationship between the probability of seeing*
all of an area and a given number of satellite passes over
the area. Required input is the relative frequency of
clear skies over the area. Output may be either CRT
plot (as in sample) or tables of relationship.

S g Sample Output: Page C-2; Nomogram demonstrating, relationship among
- g selected probabilities (frequency of clear skies-single
pass), number of passes, and the relative frequency

of clear skies,

Page C-3: Relative frequency of clear skies for areas of
100 n miles by 100 n miles, all 29 homogeneous cloud
‘regions, January, 1000 LST, :

i% | Other pages in section: Same as second page for every
2 e : month, ‘

i « ~ ="All'in this concept refers to the definition of clear skies, i.e., if clear skies are less than 10 percent sky ‘
Bl R cover, “all" would be > 90 percent, 'he same nomogram is applicable to use of seeing in a single look
~'more than "X" percent of an area with "Y" frequency of cloud cover ‘< (1-X) percent, -
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APPENDIX D, ONE- OR TWO-LOOK PROBABILITY OF SEEING RESULTS

SAMPLE OUTPUT

Perfect Resolution Probability of Seeing Computer Program
Subroutine: One- or Two-Look Viewing
Cloud Statistics: Basic 30-nm FOV Enlarged for 100-nm FOV

Sample Output: Pages D-2through D-33: Tables of probability of seeing
X percent or more of a 100-nm area in one or two
looks in N independent passes for 29 worldwide
homogeneous cloud regions, Data given for N = 1
through 20, for months 1, 4, 7, 10 (Jan, Apr, Jul,
Oct), for times 4, 8 (1000, 2200 LST), and for seeing
50, 70, 90, and 95 percent or more of the area,

D-1
SD 71-311




_ PROBARILITY OF SEEING 57. PERCENT OR MORE OF ARFAS IN ONF-OR TWN-L0NIKS

L MONTH. ) - TIME 4
ﬁv REGION "N=1' N=2 N=3 N=4 N=S& N=g N=7 N=8 N=9 NM=]n N=1| M=]2 N=13 N=14 N=15 Nz16 N=17 N=18 N=19 N=20
| T34 93,6 98.5 99,7 QQ.QJ"P;Glrn.0100.010ﬁ.01ﬁ0.01C”.31OO.CIOO.GICC.CIOC.GIG?.C!Dﬂ."lOﬁ.O100.0100.0
°$ L2 4646 T6.1 9N ,2 a6,b 98.5. 99,5 99,3 qq.qrho.nlnc;nlrm.c:cn.wrnﬁ.a19(.a1n0.01rﬁ.31ﬂ0.010ﬂ.0100.01c0.ﬂ
a0 2 .7 62,1 79,4 R9,3 94,6 97.3 98,7 99.4 99,7 90,9 qs.qxon.nxno.alrr.nlnn.ﬁlﬁﬂ.mlﬂo.nlnn.nloo.nlcﬂ.n
FY e 55.2 81.9 93,1 97.5 9q,] 99.7‘99.91c¢.01000c1no.61rn.nlon.cloo.71"6.01oo.aldc.0100.01oo.r1nn.0100.o
- 5 50«8 77.0 R9.6 95.4 98.¢ 99,3 99.6 99,8 00.9100.c1cc.61on.:19o.vxﬁr.0110.61r¢;01on.01ow.nlno.alon.e
e 580 84.4 94,6 98,2 99,4 “Q.B'QQ;QIHOLOIGO.OIPQ.CI@“.OJOP-OIGC.DIQO.?167.31P°.C!OP.0lOC.CIOO.OICO.O
T SBLY 84.4 9406 9R.D 99,4 99.8 QQ.QIOO.CINQ.ﬂlFO.GlfO.ﬁlOO;?ICQ.OlOF.OIGQuOlFG.“IOF.OIOﬁ.OIGO.QIOO.ﬁ
R ?l.2 4P.5 §6,.4 6B.7.77.9 A4,k B9.4 92,7 95,1 96.7 7.8 98,5 99.02 99,3 99,4 93,7 99,8 99,9 99,9 99,9
g 42.8 68.1 2.5 .9C,€ Q5,0 97,3 9y, & 99.3 90,6 99,8 99,9 9. L0000 L PI0BL 01050100, 0100 010N P00 N R
on 63.4 A7,9 96,2 9r,9 99,7 Q?,Q!CQ;€IQQ.nLQQ.”lﬁF.ClOO.“100;?160.QIQC.DIOO.OIGC;OlOG.ﬂl@ﬂ.ﬁlﬂo.Oloo.O , —
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19 52,6 T8B.4 9G.4 95+8 98,2 99.2 99,7 99.9 99.9100.0100.010010;00.0100.0190.0190,0100,0100.0100.0103.0
" 20 0 543 1143 17.6 26,1 30.6 36.8 42.8 48.4 53.6 98¢5 62,9 67.0 70.7 T4.0 TT7.0 79.7 82.1 84.2 86.1 R7.8
gy Be5 17,4 26.2 34,6 42.5 49,7 56.3 62.1 67.4 71.9 76.0 79.5 82.5 85.1 87.4 B9.3 91,0 92,4 93.6 94,6 SR o |
o 22 3.2 6.4 .2&9~¥%1§le;QMA9;§;§Z:3mZ§:%WZQ:&qEL;iméﬁil.21;1M12-§,4%35_45:Q,4715 4949 5243 54.5 56,7 : e [
o~ 23 2.6 5.4 8.2 11.0 13,9 16,8 19.7 22.6 25.5 28.3 31.1 339 36.6 39,2 41.8 44,2 46.7 49.0 S1.3 53,5 ‘ S S
N 260 32,3 85,4 T1.2 81.7 88.5 92.8 95.6 97.3 98.3 99,0 99,4 99.6 99.8 99.9 99.9100.0100,0100.0100,0100.n ’_"*“" |
W 29 .. 36.%4 63,0 79.6 89,1 94.3 97.1 98.5 99.3 99,6 99.8 99.9100.0100.0100.0100.0100,0100.0100.0100.0100.0 ' '
o 26 19.9 40.9 58.4 71.7 81.2 87.7 9231 95.0 96.8 98.0 98.8 9942 99.5 99.7 99.8 99,9 99,910C.0100.010N0.0 - {
' 2T 45,5 71.8 85.8 93.1 96.7 96.4 99,13 99.7‘99.8v99.9100.01on,0100.0100.0100.o100.0109.0100‘0100.0100.0 zZWw |
~28. . 35.8 60.8 76.9 86.7 92.5 95.8 97.7 98.7 99.3 99.6 998 9929 .99.9100.0100.012€.2100.0100.0100.n109.1 %fg
29 3.1 6.6 10.3 14.2 1R,2 22.2 26.2 30.2 34.1 38.0 41.7 45.2 48,7 52.0 55.1 5B8s1 60.9 63.6 66.1 #8.5 >89
L R T R TR g
‘ § @ ] ;
78
' *
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 PRNBABILITY OF SEEING 95. PERCENT DR MNRE NF_AREAS IN ONE-NR TWO-LOOKS

CMONTH 1 Tup 4

|

1 43.2 69.2 83,8 91.56 95.9 97.9 98,9 99.5,99,1m9qt.é99191no.3130.01oc.clcc.nlno.o100.0100.0100.0100.0

2 17.7 33.3 46,6 57,7 6A.8 74.1 79.9 B4.5 88.1 90.9 93.1 94,7 96.0 97.0 97.7 98.3 98.7 99.0 99,3 99,5

3 Sel 10.7 16.6 22,5 28.4 34,7 39.7 45.n0 49.9 54,6 58.9 62.9 66.5 69.9 73,0 75.8 78,3 80.6 82.7 -84.4
& 20.9°39.6 55.1 67.2 T6.4 R3.> gyl 1.7 94.2 95,0 97.3 98.1 98.7 99.1 99.4 99.6 99,7 99,8 99.9 99,9
S5 . 32.5 55,3 70.9 81.2 AB.0192.4 95,2 97.0 98.2 98.9 99,3 99.6 99.7 99.8 99,9 99.9110,0100.0100.n100,n
£
7
8
9

REGION N=) NE2 N=3 Ns4  N=5  Nes  No7 N=8 N=9 N=10 N=11 N=12 N=13 N=14 N=]5 N=16 N=17 N=18 N=19 N=20

- L% 53,7 69.2 7907 B5.7 91.4/ 54,4 94.4 97.7 9.6 99.1 99.4 99,6 99.8 99.9 99,9 99.9100.0100,N100.N"
Ale4 53,7 69,2 79,7 B6.7 91.4 94,4 96.4 97,7 98,4 99.1 99.4 99,6 99,8 99,9 99,9 99.,91n00.010G.0190.N0
647 1344 19.9 26,7 32,2 37.9 4343 48.3 53,0 57,3 61.3 65.0 68.4 T1.5 74.3 76,9 79.» 81,3 R3,2 R5,Nn

2440 42.5 56.7 67.6 75.8 B1.9 86.6 90.1 92.7 94.6 6.0 971 97.9 98.4 98.8 99.2 99.4 99.6 99,7 99,8

19 34,9 58,5 74,0 83,0 M.l 94.0 96.4 97.8 98,7 94,2 99.5 99.7 99,8 99,9 99.91M 0. 01N0.GIN0.O100,01N00 .0
Al 12,0 23,0 33,1 42,2 50,2 57.1 63.5 68,9 73.6 77.6 R1.1 84.9 B86.4 88.7 90.5 92.C 93.3 94,4 95.4 9h41
W b 4e2 9.6 15.5 21.8 28.2 34.4 40.5 36.2751.6 56.6 61.2 65.5 69.3 72.8 75.9 78.8 81.3 B3.5 85.5 87.3
U & 21 4.8 7.8 11.1 14.6 18.3 22.0 25.8 29.6 33.3 36.9 40.5 43.9 47.3 50.5 53,4 55.5 59.3 62.N 64,5
P TR Ne6 1.2 1.9 2.6 3.4 4.2 5.0 5.8 6.7 Te6 8.5 9.4 17,3 11.3 12.2 13,2 14.2 15.2 1642 17.2 B ML
15 4l.5 66.5 81.1.89,4 94,2 96.8 98.3 99.1 9q.5 99.7 99,9 99.9100.010C.r10C.0100.010M.0100.0100.0100.0 e T T
S 16 19.0 41.3 59.9 73,7 83,2 89:5 93.5 96.1 97.6 98.6 99,2 99.5 99.7 99.8 ag.9 99.9100.0100.0100.010n .0 L e
o T 18.8 36.4 51.5 63,7 73.7 AC.4 85.9 89.9 97.3 94.9 9604797.5 98,7 9R.8 99,1 99.4 99,46 99,7 99,8 99,q
T U 18.9 34.8 47.8 58.5 67.1 74.1 79.6 B4.0 87.% 70.3 92.5 94,1 95.5 96.5 97,3 97.9 on.4 98.8 99,1 99,3 e SRR o
19 15.2 28.3 39,5 49,1 §7.2 64.0 69.9 74.8 78.9 82.4 85.3 R7.A 89.8 91.5 93.C 64,2 a5.1 96.0 96,7 97,7 R .
20 3.8 B.5 13.8 19.5 25.2 30.9 36.5 41.9 47.0 S1.9 7603 60.5 64.4 68.0 T1.3 T4.2 77.0 79.4 81.6 33.6 b e T
n 21 DT 1.5 2.3 3.2 4.1 s.9 6.0 7.0 B.1 9.2 10.3 11.4 12.6 13.7 14,9 16.1 17.3 18.5 19,7 20,0 sl e T !
U 22 w2eT 6.0 9.6 13,5 17,5 21.7 22+8 30.N 34,1 3R.0 41,0 4326 49.2 52,7 55,9 59.0 61,9 64,7 67.3 6a.7 T
o~ 23 D¢ Peb 1.0 1.3 1.7 2.0 3.4 2.8 3.2 3.4 20 4e4 408 5.2 5.7 6.1 6.k T.0 7.5 7.9 ‘ ' R L
e 24 Te4 15,1 22.7 30,1 37.2 43,8 49,9 55:6 60.7 65.4 69.5 T3.3 76.6 79.6 82.2 84.5 86.5 88.3 89,9 91,2 ’_
W 25 0.4 0.8 1.2 1.6 2.0 2.5 2.9 3.4 3.9 4e% 4.9 5.4 5.9 6.5 7.0 7.5 A.1 g.7 9.2 a,R '
- 26 1040 GO0 CuC GlO C.C N 0.0 0.0 0.0 9.0 0.0 0.0 c.a C.0 7.0 0.0 0.0 0.0 n.r *
: 2T B9.6 81.6 92,7 97,2 98.9 99,6 a9,9 99.91@0.0!00.0100.0100.0100.0100.0100.0100.0100.010030100.0100.0 zZo
.28, A33.27.2 40,2 2LeB 61.6 69:7 76,4 81,7 85.9.89.2 91.8 93,7 223 064 97.3 98.0 98,5 98,9 99,7 na,4 3 @
.29 2+9 6.7 111 15.9 21.0 36.1'31.3736.3 #1.2745.8 50.3 54,5 SR.,4 62.1 65.5 58.7 71.4 T4.3 76,8 79.C > 8
- §§: -
o
| 23
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EV’QOBABILUTY ﬂF SEEYNG 95, DFRCFNT AR MORE NF ARFAS IN nNt- ~“DR TWO-LONKS

MHNTH ‘l,i>_  ,]; rrME R

fRFG[OMf N=1 ~Ni?5 N$?  N=4 M=5f N=6  N=7 N=8 N=9 N=10 N=11 N=12 N=13 N=14 N=15 N=16 N=17 N=18 N=19 N=2Q

L 56,7 82.6 93,3 97,5 aa,] 99,7 QQ.QIO0.0IOO.GIQC.OICO.GLO0.0lOD.OlCC.Olﬁ0.0lPC.Clﬂﬂ.“IO0.0lCO.D!Pn.P

2 2843 49,7 65.3 76,4 B4.1 RO.4 92.9 95,3 96,9 98.0 93,7 99.7 99.5 99.7 99.8 Q99,9 99,0 Q9,9100,0190.0

3 ‘B 0 18.1 27.2 35.9 42,9 51,2 57,9 63.8 69.0 73,5 77.5 2.9 B3.8 B6.3 88,5 91,3 01,9 93,2 94,1 95,2

b 34,2 58,7 74.9 85.1 91.3 95.0 97.2 984 99.1 99.5 99.7 99,8 §9.9100.0100,017C. 4100, 0100.0100,.0101.0

5 3R, 1563;5 78.6 B7.7 93,0 96.1 97.8 98,8 99,3 99,6 95.8 99.0 99.910CNICOLCLION.DI00.ALIR0.01N0 N1 P
6 2248 43.9 6C.7 73,2 82.1 BR.2 92.3 95.1 96.8 98.0 98.7 99.2 99.5 99,7 99.8 99,9 99,9100,0100.0100 .7

ST 22.R 42,9 6C.7 73,2 R2.1 R8.2 92.3 95.1 96,8 98.0 9R.7 99.2 99,5 99,7 99,8 99,9 99,9100,0100.0100.0
N 8 14.7 27.6 39.0 48,8 57.2 64.3 T0.4 75.5 79.8 83.3 86.2 RR.8 90. 8 92.5 93.9 95.0 95,9 96.7 97,3 97,8
- 90 4.0 5701 72,5 B2.6 89.C 93.2 95.8 97.4 98.4 99.0 99.4 99,4 99.8 99,9 99,91N5.0100.N100.0100,N1NN. 0
- 10 42.2 €B.2 B3.7 91.2 95.5 97.7 98.9 99.4 99,7 99.9 99.9100.M100.,C17C.C100. 010N, 0100 0100.0100.0100,0
. i]lt?’,'fza,a 4147 5601 67,1 75,5 81.9 Bb.6 90.2 92.8 94,7 96.2 97.2 98.0 9a.s5 9R.9 99,2 99,5 99,56 99,7 qo,8
! 2 303 7.0 10.8 1408 18.8 22.9 26.9 30.9 34.8 38.6 42.2 45.8 49.2 52.4 55¢5 5RB.4 61.2 63.9 K644 68,7
[ 12 1.2 2.6 4.2 5.9 7.7 9,5 11.5 13.5 15.6 17.7 19.8 21.9 2471 2642 2R.4 30,5 32.6 34,7 36,8 38.8
N4 3.2 6.6 10.2 13.9 17.6 21.3 25.0 28.7 3203 35.8 39.3 42.6 45.8 48.9 51.8 54.7 5T.4 60.0 62.4 64.8
N s 43.1 68,0 82.2-90.1 94.6 97.0 98.4 99,1 99,5 99.7 99.9 99.9100.01CC.L10C.0100.0100.N100.0100.0110.0
. 16 £3:0 89,2 96.9 99,2, 99,8 99.9100.01C0,0100,0190.0100.0100.0100. 0100.0100.01C0.3100.0104,0100.0106.0 e T
i 17 T TBA07 R2.5793.9 98.0099.4 99,8 99 G1RH. 0106.0106.0100.9100.6100.0106.0100.06100.0100. 0100.,0100.0100.0 R
0 18 29.6 S51.3 66.8 77.6 85,0 90 € 93.4 95.7 97.2 98.2 98.8 99.2 99.5 99.7 99,8 99,9 99.9 99.9100. 0100.0 T N
i 19 2747 47.9 62.6 73.3 80.9 R6.4 90.4 93.2 95.2 96.6 97.6 98,3 98.8 99.2 99.4 99.4 99.7 99.8 99,9 99,9 b :
L L 20 1.6 3.5 5,7 8.0°10.5 12.1 15.8 18.5 21.4 24.2 27.0 29.8 32.6 35.3 38.0 40.7 43.3 45,8 48,1 50,7 el T :
O 21 0.1 0.3 0.6 0,6 0.7 0.9 1.0 1.2 1.3 1.5 1.6 1.8 1.9 21 2.3 2.4 2,6 2.8 2.9 1,1 A
o 22 a6 Te6 117 1640 2C.4 24,8 29.1.33.3 37.5 41.5 45.3 49,0 5245 55.8 58.9 61.9 64,7 6T.4 69.8 72.1 BRI ‘ [
L 237 0.3 0.6 1.0 TZ’%““Y"I 2.0 204 "2.AT302 3ET a4, o’ 44 4.8 5.2 5.7 6.1 6.6 7.0 7.5 7.9 ‘f
N 24 B¢ 11.5 17.1 22.7 28.1 33.3 38.2 42.9 47.4 51.6 5545 59.1 62.6 65.7 68.7 71. 4 73,9 76.2 78,4 AN,3 ’._ !
W 25 3.0 6.7 9.7 13,2 16.9 20:.6-24.2 27.9 31.5 35.0 38_4 418 45.0 48.1 Sl.1 54.7 56,8 59.4 61.9 64.2 ' )
e 26 344 6.9 1044 14,0 17.6 21.1 24.7 28.1 31.5 34,9 33,1 41, 2 44 2 47,2 50.0 52.7 55,3 57,8 60.1 62.4 : '
v 27 1 56.9 82.3 92.9 97.3 99,0 99.56 99.9 99.9100. 0'10C.0100.71C0. +010C.0100.01CN.0100.010C.0100.0100.0 g:%? |

28 31.8 56:8 7338 84.6 91.2 95.0 97.2 98.5 99.2 99.5 99.8 99.9 99 21CC.0100.C1C0.0100.N100.N1N0, 01NN, N =

29 (2.1 AT TIT LSO 14.5 182 31.9 5508 29.% 33, 1 36,7 40.3 43,7 47.0 5002 S3.3 56.2 50.0 61.7 64,2 > 8 . 1

3 - ' cgo o - |
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DRDGAH!L[TY le SFEYNG 95. PFRCENT nNR MDPF ﬂF ARFAS lN ﬂNE-ﬂR TWO—L”DKS

MUNTH 4 TIME 4 ; R S =
;jvﬁsrnw N=1 -N=2 M= N=g4 'N=5“'nr5 N=7 N=f N=9 N=10 N=11 N=12 N=13 M=14 N=15 N=16 M=17 N=18 N=19 N=20
1 40,1 65.7 g0. 3 89, n 93.9 96.7 98.2 99.0 99.5 99.7-99,9 99,9100.0100, 0100.010N0.0100.C100.0100.0100.0
2 253 4604 62.6 T4.4 82,8 BH.6 92.5 95,1 ag.a 97.9 98.7.99.2 99,5 99,7 99.8 99.9 99.9 9q. 9100.n100.¢C
3 502 1100 1701 23,3 29.4 35,3 41.0 46.4 5].5 56.2 6C.6 64,5 68,2 71,6 T4.6 77,4 79,0 2.1 B4.1 85,9
4 19.0 37.0 52,3 64.6 74, 1 81.3 86.6 90.5 93,3 95,3 96,7 97.7 9g. 4 98.9 99,2 99,5 99,7 99,8 99,8 99,9
5 2540 44.9 60,1 T1.5 79.R 85.9 90,1 93.2 95.3 96.8 97.8 98.5 99.0 99.3 99.8 99.7 99.8 99,9 99,9 99,9
6 199 23.4 35,7 47,1 57.0 65.5 72.6 78.4 B83.1 86.8 B9.8 92.1 93.9 95,3 96.4 97,3 97,9 98.4 98.8 99.1
R 31.4753.7 69.2 79.7 86.7 91.4 94,4 6.4 97.7 98.6 99.1 99.4 99.6 99,8 99.9 99.g 99.9100.0100.,n1N0 N
B 12.0023,6 34,3 44,0 52,6 60.1 66.6 72,2 76.9 80.9 B4,3 87.1 89.4 91.3 92.9 94.2 95.3 96,7 96.9 97,5
9 18.3 33,8 46.8 57.5 66.2 73.3 79.0 83.5 87. 1 89.9 92.2 93,9 95,3 96,4 97.2 97.8 98.3 98.7 99.n 99,2
e 16,3 3.6 42.8 53,2 61.9 69.2 75.1 80.C 84.0 87.2 89.8 91.9 93.6 94,9 .96.0 96.8 97.5 98.0 98.5 94,8
o 12.6 24.1 34.5 43,8 51.9 59.C 65,2 70.8 75. 1 79.0 82.4 85.2 87.6 89.7 91.4 92.8 94.0 95.0 95,9 94.6
g 12 6o8 1640 26.1 3641 45.4 54,0 61.5 68.0 73.6 78.4 B2.4 B5.7 88.4 9C.5 92,4 93.9 95,1 96.1 96.9 97.5
113 N9 1.9 2.9 4.1 5.3 2 6e5 7.9 9.2 10.6 12.0 13.5 15.0 16.5 18.0 19.5 ?21.1 22.6 24,2 25,7 27.3
» T 0.2 0.4 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.3 2.6 2.9 3.1 3.4 3.7 3.9 4.2 4.5 4.8 5.1
R A 278 48.3 63,2 74.0 81.7 87.2 91.1 93.8 95.7 97.0 97.9 98.6 99.9 99.3 99,5 99,7 99,8 99,9 99.9 99.0 .
16 4.5 1043 16.8 23.7 30, 22.37.3 43.7 49.7 55.3 60.4 65.1 63.3 73,1 76.4 79.4 82.1 B4.4 B6.5 B88.3 89,0 o
17 13,7 27.7 40.7 52.2761.9°70.0 76.5 BRI & 86.0 89,2 791.8 93.7795.3796.4 97.3 98.7 98.5 98.9 99.] 99.4 R
18 2604 47.0 62.4 73,7 B81.8 87.5 91.5 94.2 96.1 97.4 98.2 98.8 99,2 99,5 99,7 99,8 99,9 99,9 59.91n00.n *.
19 15.5 29.3 41.2 51.4 60.0 67.3 73.3 78.3 82.4 85.8 88.6 90,8 92.6 94.1 95.3 96.2 97,0 97,6 98.1 98.5
.20 Ge7 9.8 15.3 20,8 26.4 31.9 37.2 42.3 47.1 51.7 S6.0 59.9 63.6 67.1 70.2 73,1 75.7 78.2 80.3 §2.3
g} 21 0.9 1.8 2.8 3.9 5.1 6.3 7.5 8.8 10.1 11.5 12.9 1403 15.7 17.2 18B.7 20,1 21.56 23.1 24.6 26.1
W22 0. 1e2 2.6 4,2 SPQWMW!ZM‘QP§;Ll!imlziémlszém;zET 19.8.21.9 24.1 26.2 28.4 30,5 32.6 34.7 36.8 38.8
o 23 0.4 C€.9 1.3 1.8 2.3 2.8 3.4 3.9 4.5 5.9 5.6 6.2 6.8 7.5 8.1 8.7 9.4 10.0 10,7 11.4 ‘I.I
' 26 8e8 17+2 25.2 32,6 39.5 45,9 51,7 57.C 61.8 66. 1 70.0 73.5 76.6 79.4 81.9 R4.1 A6.N B7.7 89,2 9r,4 ’__
e 215 Oel Lo3 0.4 0.5 0.6 G.8 0.9 1.0 1.2 SLe3 1.5 1.6 1.8 1.9 2.0 2.2 2.3 2.5 2.8 2.8 ’
b 26 . Dsh 0.8 1.2 1.6 2.0 2.5 2.9 3.4 3.9 4.4 4.9 5,4 5,9 6,5 7.0 7.5 8.1 8.7 9.2 9.1 -
27 32,3 55.4 T1.1 Bl.6 BB.4 92.7 95.5 97.2 98+3 99.0 99.4 99.6 99,8 99.9 99, 91001000100 0100.0100.0 ZW]
28 . .3l.4 53,6 68.9 72:&-§§;i421;1.Qiaéuqéiéwﬁlgég9635 29.0 99,4 99.6 99.7 99.8 99.9 aoq, 9100.0100.0100.¢ %fg
29 602 13.6 21.5 29.5 37.2 44.5 51.3757.563.0 68.0 72.4 76.3 79.7 82.6 85.2 87.4 89, 3 90,9 92.3 93.5 2 9
$ 9
D3 -
- B o L i e e m e it i il i i - g_ -
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'DﬂnBABILITV nF S[rIMG 95, PFRrrNr NR MORE NF APFAS IN ONF =0OR TWN=-LNNKS
MDNTH 4 TIMF 8

;RFGYOM~ NEl N=2 N=3 N=4 NS5 N=h  N=T  N=A N=9 N=10 N=ll N=12 N=13 Nel4 N=15 N=16 N=17 N=18 N=19 N=»r

1 521 7844 90,6 96.0 9R.3 99.3 99,7 9.9100.01C.N1I0C.C100,0100.0100.7100.0100.0100, n1no, 0100 nLnn, 0
2 ANeh 66.6 B1,B 9N, 4 95,0 97,4 98, 7 99.4 99,7 99,8 99,9100,7]r0, 11", CIOC.C170.0100 . NI00.0100,0100.
3 13,0 25,6 37.2 47.% 56,6 64.3 70,9 7643 BY.9 B4.6 BT.A 9N, 1 92,1 93,7 95,0 ap, 1 96.9 a7, s Q8.1 asg, ﬁ
Ch 3701 6204 TBL2 BT.T 93.2 96.3 98.0 98.0 9.4 99,7 99,8 99.9170.217°0,0100.21072.2100., 0170, NIGONIO0 LN
5 36.6 6N.3 75,5 85,0 9C.9 94.5 a7 8.1 98.9 99.3 99.6 99,8 99,0 99,9]rn, 2100.010%, 7100, 7100,0109,0
£
y
A
(o]

“;.I’ll."s 1709 24.1‘ 3(..8 37.(‘ 42.9 48.5 5307 58.5 62.9 66.9 70." 73oq 76:9 70.5 gl-q 8401 8600 87-7
22.8 43,9 0.7 T73.2 82.1 88.2 92.3 95.1 96.8 98,0 98.7 99,2 99.5 99,7 99.8 99,9 99.9100.0100.21093.n
21.9 40,0 54.4 65,8 74,5 81,1 R6.1 BR9.9 92.6 9.6 96,1 97.2 98.0 96.6 99.C 99,3 99,5 99,6 99,7 99.8

S 71.5 38.8 52.6 63,5 72.0 78.6 83.7 B7.6 9C.6 92.9 94.7 96.0 97.n 7.7 98.3 98.7 99.1 99,3 99,5 99,4
10 2400 42,9 57.4 68,5 76.9 R3.1 87.7 91.1 93.6 95.4 96.7 97.6 98,3 AR, 8 99.1 99,4 99,6 99,7 99.8 99,3

1 24,2 43,2 57,8 68,9 77+3 R3.5 BB.0 91.4 93,8 95,6 96.9 97.7 9R8.4 98.9 99,27 99.4 99,6 99,7 99,8 99,9 :
o 12 6¢3 12.8.19.3 25.7 31.9 37.8 43.5 48,7 53.6 58.2 £2.3 66.2 69.7 T72.8 75.7 78.3 80,7 82.8 84.7 86.4 E
R 2.4 4.8 7.2 9.6 12,0 lﬁ.4u16 3 19,2 21.5 23.8 2601 28.3 30,5 32.7 34.8 36.9 38.9 40.9 42.9 44,8 o
D 14 T 1.7 3,5 5.3 Te? 1942 11l 130 15.1 1742 19.2 21.2 23.2 25.2 2742 29.2 31.2 33.1 35,0 36.9 33.7 -
15 ©29.8 S1.5 66.9 TT.6 R5.0 90,0 93 4 95.6 97.1 98.1 98.8 99,2 99.5 99.7 99.8 99.9 99.9 99,.,9100,.0100 e :
A6 23241 5602 72.6 83,2 90,0 94.1 96. 5 98.0 98.8 99.3 99.5 99.8 99.9 99.9100.61010,0100.0100,010n.0197, o 5o : e
17 - 14.7 30.5 45,1 57,6 67.8775.9 82.1 86.9 9C.4 93,1 95.5 96.4 97.4 9R.2 98.7 99.1 99.4 99.5 99.7 99,8 B L e T
18 42,9 68.2 82.7 90.7 95,1 97.4 98.6 99.3 99.6 99.8 99.9100.0100.01NC.0100.C106.0101. N100.9160.0100.0 T AT
i 19 32.3 55.6 T1.6 82,1 BR.9 93,2 95,8 97.5 98.5 99,1 99.5 99.7 99.8 99.9 99.9100.0100. 1100.0100.0100.0 N SRR
1 20 le6 3,4 5.4 7,7 10.0 12.515:1 17.8 20.5 2302 25.9 28.6 31.3 24,0 36.6 39.2 41.7 44.2 46.5 49.0 ERE D
21 9.0 118,20 27.2 35.8 43.8 51,0 57.6 63.5 68.6 73+2 77.180.5 83,5 B6.17 88,2 9M.0 91.6 93.9 94.1 95. 1 L
o 22 .. l.6 3.5 5.6 7.9 10.3 12.9 15,6 183 21.1 23.9 26.6 29.4 32.2 34.9 37,6 40.2 42.A 45.3 47.7 50,1 : . ‘
= 23 263 4.7 7.3 10.1 12.9 15.8 18.7 21.7 4.6 2746 30.5 33.4 36.2 38.9 41.6 443 46,8 49,3 51,7 54,7 ‘ ) d‘
e 24 1242 23,4 33,3 42.2 5C.1 57.0 63,1 68.4 73.0 76.9 8n.4 83.3 85.8 B8.C R9.8 91.4 92.7 93,9 94,8 95,4 ’__ : ‘
W 25 le6 3.2 149 6.6 R.4 17,3 1241 14,0 15.9 17.9 19.8 21.7 23.6 25.5 27.5 29.3 31,2 33.] 34.9 36,7 ’
e 26 4.2 8.9 13.9 19.7 24.2 29.3 34,3 39,1 43,7 48.1 52.3 56.2 59.9 63.3 66.5 69.5 72,2 74,8 77.1 79,2 ; :
iy 27 45,4 T1.4 B5.4 92.7 96.4 98.2 99,2 99,6 99,8 99.910N. 0100.C10G.010C.0100.0100.0100.0100.0100.0100,n ZWw ' . 1
28 - 50.5 76.0 88.6 94.6 97.5.98.8 99,5 99,8 99,9100, 01€0.0100,0100.0100.0100.0107.C100,9107,0100.010n, 0 %fg b
29 3.1 6.6 10.5 14.7 18.9723.3 27,6 31,0 36,1 40.5 44, 1 47.9°51.5 54.9 58,2 61.3 6402 66.9 69.4 71,3 >3 | . |
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11€-1L AS

 PROBARILITY NF SEEING 95. PFRCENT (R MORE NF ARFAS IN ONE-OR TWO-LOOKS

N=7 N28 'N=9 N=10 N=11 N=1F N=13 N=14 N=15 N=16 N=17 N=18 N=19 N=20

99,6 9919lc0£0100.0100.0IOO.OIOO.OIOO.CIDO.DlOGrG100.0100.0100.0100.0100.0100.0

COMOMTH 7 "TIME 4

CBFGINN N=1 N=2 N=3 N=4 N=§ N=§

b A3.7 87,9 96,2 98.8

2 63.3 89.2 97.1 99.13
4 447 11.C 1B.1 25.6 33,0 40,2
5 2942 51.0 K6.7 T7.6 85,1 an,2
6 25.3.5C,1 68.7 81.1 88.9 93,6
T Be? 12,6 18.8 24,9 30,8 36,3
oA 45.T7 73.5 BT7.8.9%.,6 97,7 99.0
9 13.5 26.4 3B.1 48.5 57.5 65.2
10" 8.3 10,7 1643 21,9 27.4 32,7
11 13,7 26,8 38.8 49,4 58,6 6643
12 S DT 1.5 2.3 3.2 4.1 5.0
13 247 60 9.6 13.5 17.5 21,7
14 N3 NA Lu0 143 1.7 2.0
15 ' Te4 1541 22.7 °30.1 37.2 43,8
16 0-4 0-8 102‘106 2.(‘ 2-5
17 007 0.0 0.0 6.6 0.0 "n.0
18 55.6 81.6 92,7 97.2 98.9 99,6
2190 1303 27,2 4D.20151.8 61.6 69,7
o 249 6.7 11.1'15.9 21.0 26.1
122 2.1 4.8 7.8 11.1 14,6 18.3
23 TT 80671 1.9 2,677 ThLo
. 4145 66.5 Bl.1 89.4 94,2 96.8
125 43,3 70.8 85.8 93,3 96.9 98,6
26 188 36.4 51.5 63.7 73.2 8.4
21 18.9 34,8 47.8 58,5 67.1 T4.1
128 .15.2 28.3 39.5 49,1 57.2 64.0
129 T 3.8 78,5378 19.85738.% 3r.9

I 2 . q .
6L6T 6he”

0.9 1.0
47.0 53,3
93,6 95,8
96.4 98.0C
41.6 46,6
99:6 99.8
Tle7 77.0
37.8 42.7
72.8 78.1

6.0 T.N
25.8 30,0

2.4 2.8
49,9 55,6
3.4

97.3

0100.0100.0100.0100.0100.0!00.01OO.OIOQ.OIOO.010010100.01@ﬂ,“

1.3 1.5 1.6 1.8 1.9 2.0 2.2 2.3 2.5 2.6 2.8
64,2 68.9 73.0 76.7 79.9 R2.7 85.2 87.3 89,2 90.8 92.1
98.3 98.9 99.3 99.5 99,7 99.8 99,9 99,9100.0100.7100.7
99.4 99.7 99.8 99.9 99.9100.0100.0100.0100.0100.0100 .4
5507 59,7 63.4 66.9 T0.0 72.9 75.6 TR.0 180.2 82.2 R4.n

1.2
59.0

98.9
51.3

199;910C.01CO.OIOO.PIOO.DIOG.O100.0lﬁQ.Glﬁﬁtﬂlﬂﬂ.Olon.QIOO.0

8l.5

82,5

98.2 98,6

79.4 8l.4
98.4 98,8

19.7 20.9

67.3 69,7

Te5 - 7,9
89.9 91,2
9.2 9.1
)

n.o 6.

97.7
cTTe2
9R., 0
18.5
64,7
6 7.0
S 88,3
1
0

95.2 96.2
69.5 72.3
95.7 96.7
14.9 16.1
55.9 59.0C
5.2 5.7 6.1
79.6 82.2 84.5 8
6.5 T.0 7.5
TELE aunt A0

90.5
59.6
91,2
1.4
45.6

46
73.3

5.4
9.8 7 G,

92.4 94,0
63.1 66.4
93,1794,6
12.6 13,7
49.2 52,7

R5.1 88,1
51.7 55.8
R6.1 88,9
9.2 10.3
38,0 41.9
3.6 4,0

97.0
47.3

8.1
34,1
3.2
60.7 65
3.q 4
3 0

0

LAY

<4 69,5
4 4.9
0.0 0.0

1 8.7
0 0.0

99.9 9@.0100.0100.0100.0100.0100.01OC.OLOO'OICO.OIQO.OIOO.OIOO.OIOO.b

76.4 81,7 85.9 89.2 91.8 93.7 95.3 96.4 97.3 98.0 98.5 98,9 99.2 99,4
31.3 36.3 41.2 45.8 50.3 54.5 58.4 62.1 65.5 68,7 71.6 74.3 76.8 79.0
4045 4642 51,6 56,6 61.2 65.5 69,3 72,8 75.9 78.8 81.3 BB.5 85.5 87,2
2220 25:8.29.6 33.3 36,9 40,5 43,9 47,3 50.5 53.6 56.5 50.3 62.n 64.5
560 5.8 6.7 T.6 8.5 9.4 10,3 11.3 12,2 13.2 14.2 15.2 16.2 17.2 ‘l.i
78.3 99,1 99.5 99.7 99.9 99,9100,010C.0100.0170,0100.010G.0100.0130.0 »_
99.4 99.7 99.9100.01M0.0100.0100.0100.010C.C120.010C.0100,0100.0170,0 ’
85.9 89.9 92.8 94.9 96.4 97,5 98,2 98.8 99,1 99.4 99,6 99.7 99.8 99.9 :
79.6 84.0 87.5 9043 92.5 94.1 95.5 96.5 97.3 97,9 98,4 98.8 99.] 99.3 zZ0
9222 4.8 78.9 82.4 85.3 87.8 89.8 91.5 93.0 94.2 95,1 96.0 96.7 97.2 38
36.5 41.9 47.0 51.8 56,3 60.5 64.4 68.0 T1.3 74.2 T7.0 79.4 81.6 R3.6 > 8
§ &
28
s e e e st - %
e
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 PROBABILITY NF SEFING 95, PERFENT OR MORE NF AREAS IN ONE=NR TWO-LNOKS
CMONTH 7 TIME 8 ‘

REGION-N=]. N=> N=3 N=4 N=5 N=& N=7 N=8 N=9 N=10 N=11 N=12 N=13 N=14 N=15 N=16 N=17 N=18 N=19 N=20 '

L U T3.1 93,5 98,5 99:7 99.9100.0170.0125,C1C0.0100. 010N, N100.0100,017C.0100.0100.0100,G16M.0100.0100.0 ¥
i > . 75.1 94,8 99,0 Q9.alco.c100.01co.01co.0100.01oo.31&0.0100.3100.0100.01oo.oxﬁn.01ac.01oo.o100.0100.0 "
T 3 Le3 2.7 4.0 5.6 6.9 B 9.8 11.2 12.7 14,2 15.7 17.2 18.7 20.9 2147 23,2 24.7 26,2 27.6 29,1 .
s 4 8.6 17.9 27.3 36,3 44.,7.52.4 59,2 65,3 70,6 75.2 79,1 82:5 B5.4 87.8 89.9 91.6 93.1 94.3 95,3 96,1 -
L 5 IR,4 62,8 77.9 BT.C 92.5 95.7 97.5 98.6 99.2 99.5 99.7 99.9 99.91CC.C100.0100,0100.0100.0100.0170.1 i
L 6 19.4 39,9 5742 70.5 8N.1 B&.8 91.4 94.4 96,4 97.7 98.6 99,1 99.4 99.6 90,8 99.9 99.9 99,9100.010n,0 :
|5 T 10.8 2009 3C.3 38,8 46,5 53.4 59.6 65.C 69.8 T4.0 77.7 80.9 83,6 86.C 88.7 R9.8 9].3 92.6 93.7 94,7 P
= O 45.6 73.2 87.5 94.4 97.6 99,0 99,6 99,8 99.91N00.0100.0100.0100.010C,0100.0102.010¢.0100.0100.0100 .0 £
: o9 13.6 27.4 47,2 51.4 61.1 69.1 75.6 80.9 85.7 8R.5 91.2 93.2 94.8 96.0 97.0 97.7 98.3 98,7 99.7 Q0,3 :
In 17,9 3649 53.4 56954?6-5@§3-7&8§:9,9295“95;0,99:§~97-8”9335~993P J9e4 99.6 99.7 99,8 99,9 99,9100 ,0
C Ll 32,6 57,0 73.6 B4.2 90.T 94,7 96,9 98.3799.0 99.5 99,7 99,8 99.9100.0100.0101.21N0.N100.0100.0100.0
O 12 0dl 0.3 0.4 0.6 0.7 0.9 1.0 1.2 1.3 1.5 1.6 1.8 1.9 2.1 2.3 2,4 2.6 2.8 2.9 3,1 o
113 Feb. Teb 11.7 16.C 2C.4 2448 29.1 33.3 37.5 41.5 45,3 49.C 52.5 55.8 58.9 51.9 64.7 67.4 69.8 72.1 Vit
14 03 0.6 1.0 1.3 1.7 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.7 6.1 6.6 T.0 7.5 7.9 R TR RS S TS
L5t 5.7 1105 1741 2207 2841 33.3 38.2 42.9 47.4 51.6 55.5 59.1 62.6 65.7 68.7 T1.4 .73.9 76,2 78.4 80,3 e LT e e
LT : 62 9.7 13,2 16.9 20.6 24,2 27.9 31.5 35.0 38,4 41.8 45.0 48,1 51.1 54.0 56,8 59.4 61.9 64.2 B e R
ar 649 10,4 14,0 17.6 21.1 24.7 28,1 31.5 34.9 38,1 41.2 44.7 47.2 $0.0 52.7 55.3 57.8 60.1 62.4 L e
18 569 82.3 92,9 97.3 99,0 99.6 99,9 99.9100.0109.0100.0100.0100.0100.0100.0100,C100.0100.0100,0100.0. R T S
19 31.8 56.8 73.8 84.6 91.2 95.0 97.2 98.5 99.2 99.5 99,8 99.9 99.9100.0100.0100,0100.01N0.0100.7100.0 T e ,
20 C 2ol 40T To7 1140 1405 18,2 21.9 25.6 29.4 33,1 36,7 40.3 43,7 47.0 50.2 53.3 56.2 59.n 61,7 64,2 ce T I
RS 21 3.3 7.0 10.8 14.8 18.8 22.9 26.9 30.9 34.8 38.6 42.2 45.8 49.2 52.4 55.5 5R.4 61.2 63,9 66.4 68,7 St )
o 122, 122 2.6 4.2 5.9 7.7 9,5 11.5 13.5 15.6 17.7 1948 21,9 24.1 26.2 28.4 30,5 32,6 34.7 36,8 38.3 s o
~J 23 3.2 6.610,2 13.9 17.6 21.3 25.C 28.7 32.3 35,8 39,3 42.6 45.8 48.9 51.8 54.7 57.4 60.0 62.4 64,8 ‘ I : _
" 24 43,1 68.0:82.2 90.1 94.6 97.0 98.4 99,1 99.5 99.7 99,9 99.913C.0100.N100.,0170,0100.0100.0100.0100.0 ’ {
w 25 - 65.D 89.2 96.9 99.2 99,8 99.9160.0100.0100.0100.01€0,0100.0100.0100.0100.0106.0100.0100.010C.0100.0 ' ‘
= 26 53,7 82.5 93.9 98.0C 99.4 99,8 99.910C.0100.0100.0100.0100.0100.0100.0100.C100.6100,.0100.0100.0100.0 . ‘
e 29.6 51.3 66,8 77.6 35,0 90.0 93.4 95.7 97.2 98.2 98.8 99.2 99.5 99,7 99.8 99.9 99.9 99.9100.010N0,0 Z U
128 27.7 47.9 62.6 73.3 80,9 86.4 90,4 93.2 95.2_96.6 97.6 98,3 28.8 99.2 99.4 99.6 99,7 99.8 99,9 a9,9 §f8 1
S 29 16 3.5 5.7 8.0 10,5 13,1 15.8 18.5 2144 24.2 27.0 29.8 32.6 35.3 38.0 4n.7 43.3 45.8 48.3 50,7 > 8 . 2
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. PROBABILITY nF SEEING 95. PFRCENT NP MORE NF AREAS IN ONE-NR TWN-LONKS
COMONTH 1r CTIME 4

' PEG(ON N=1 N=p  N=3 N=4»kN?5v N=6 N=7 N=B N=9 N=1N N=1] N=12 N= 13 N=14 N=15 N=16 N=17 N=18 N=19 N=2p

Sl 79,0 96.1 99,3 99:a10n. CLRCL 0100, 10C."100.0100,0100,0100,01°0.010F, c1ino. "lPﬂ omno 0100.0100,n100,.n
2 ?NeB 39.0 53,0 65,7 74,8 £L,7 B6.8 90.5 93.2 95.2 96.6 97.5 98.7 9R.8 99,2 99,4 99.6 99.7 99,8 99,9
3 .7 3.5 5.3 7.3 9,31 1]1.13 13.4 .15.5 17.6 19.8 21.9 24.1 26.2 28.3 an. 4 32.5 34,5 16,5 38,5 40,5
2244 4306 6D, T2, B1.R RRLN 92,2, 95.0 96.8 97.9 98,7 99,2 99.5 99,7 99.8 99.9 99,910 C . 010061000
5. 99,2 51,0 6647 T7.6 85.1 9",2 93,6 95,8 97,3 98.3 ag.g 99.2 99,5 99,7 99,8 99,9 ag,ajpqQ, n1oc.c1oe,n
b 367 6144 T7.0 B6.6 92.3 95.6.97,5 98,6 99.2 99. 6 99.8 99.9 99,9100, C1C0.C10N,GLAG.,01NC.N100. o10n,n
e 19.6 36.C 49,4 60.7 68,9 75.8 81,2 85.5 88.8 91.4 93.4 95,0 96.2 97.1 97.8 98.3 98,7 99,0 99,3 99,4
9 27.7 49.3 65.2 T6.6 84.4 89,7 93,3 95,7 97,2 98.2 98,9 99.2 99.5 99,7 99,8 99,9 9a4,9]1nr.Nn10nN. a3 Neleitsy
L S99 0L 19T 2703 34,8 41.5 47.6 53.1 58.1 62.5 66.5 70.1 73.4 76.3 78.9 7le2 83,3 85,1 B6.8 88.2 B9.%
L Lon 21.3 39,8.54.9 66,7 75.8 82.5 B87.5 1.1/93.7 95.6 96.9 97,9 98,5 99,0 99,3 9.5 99.7 99,8 99,8 99,9
b L 30,5 53, 68.9 79.7 B86.9 91.7 94,7 96.7 97.9 98.7 99,2 99.5 99,7 99,8 99,9 99,9100.0100. AD Eal oo E ol By
i F?' 12 09 1.8 2.8 3.9 5,1 6,3 7.5 ga.8 10.1 11.5 12.9 14.3 15.7 17.2 18.7 2 ,.1 21.6 23.1 24.6 26.1
w13 1.2 2.6 4.2 5.9 7.7 9.5 11.5 13,5 15.6 17.7 19.8 21.9 24.1 26.2 28.4 ¢5 32.6 34,7 36.8 38.8
™ 1e Neb 0.0 1.3 1.8 2.3 2.8 1.4 3.0 4¢5 5.0 5.6 6.2 6.8 T.5 8.1 ‘R.? Q.4 100 10.7 11.4
I - B.B 17.2 25.2 32.6 .39.5 45.9 §1,7 57.0 61.8 &6. 1 T0.0 73.5 7646 79.4 81.9 84.1 86.0 87.7 89,2 90.6
1A 0l S.3 0.4 0.5 06 PeR 0.9 1.0 1.2 1.3 1.5 1.6 1.8 149 2.0 2.2 2.3 2.5 2.6 2.8
17 0.4 o.n'~1.2 Lo 2.6 2.5 3.9 1,4 3,9 4.4 4.9 5.4 5.9 6.5 7.0 7.5 BR.,1 8.7 9.2 9.8
18 32.3 55,4 T1.1 81,6 RA.4 92,7 95,5 97,7 98.3 99.0 99.4 99.6 99.8 99,9 99,9]0N, Gl10C.0100M.N100.0100,0
19 3.4 53,6 6R.9 79.4 B6.4 91.1 94,2.96,3 97.6 98,5 99.0°99.4 99,6 99,7 99.8 99.9 99,9100.0100. 01n0.0
20 6e? 13.6 21,5 29,5 37.2 44.5 51.3 57.5 63.0 68.0 T2.4 7643 79.7 82,6 B5.2 A7.4 R9,3 90,9 97,3 93,5
, g} 2L 648 1647 2641 3641 45.4 S4.0 61.5 pR.0 73.6 78.4 82,4 85.7 88.4 9C.6 92.4 93.9 9%, 1 96.1 96.9 97,5
22 P9 1.9 2.9 4.1 5.3 6,5 Te9 9.2 1046 12.0 13.5 15.7 16,5 18,0 19.5 21.1 22.6 24.2 25,7 27.3
o 2302 0.4 0.7 0.9 1.1 1.3 1.e oA 2.1 203 2.6 2.9 3.1 2.4 2.7 3.9 4.7 4.5 4.n 51 ‘
] 24 -~ 27+8 4B.3 63.2 T4." 81,7 87.2 91.1 93.R 95.7 97.0 97.9 98.6 99.0 99,3 99,5 99,7 90,8 99,9 Qq.q Q9,9 ’_
mo2s 405 1023 1648 23.7 30,5 37.3 43.7 49.7 55.3 0.4 65,1 9.3 73.1 T6.4 79.4 82.1 R4.4 B6.5 BB.3 89.0 '
- 126 127 27.7 40,7 52.2 61.9 T0.0 76.5 81.8 86.0 R9.2 1.8 93,7 95.3 96,4 97.3 98.C 98.5 98.9 99,] 99.4
i 27 2644 47,0 62.4 73,7 81.8 R7.5 91.5 94,2 96.1 97.4 98,2 98,8 99,2 aq,5 99.7 99.8 99,9 90,9 9a,9)rn N pay /)]
C28 1505 2903 41.2 S1.4 60.0 67.3 73.3 TR.3 B2.4 85.8 BB.6 9N.R 92.6 94.1 95.3 96.2 97.0 97.4 98.1 9A.S %fg
29 4eT 9.8 15.3 2C.8 26.4 31.9 37.2 42.3 47.1 SL.7.56.0 59,9 63,6 67.1 70.2 73.1 75.7 7R.7 80.3 82,3 > 8
§ &
1S
Q
Q
3
7
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PROBABILITY OF SFEING 95. PERCENT NR MNRE NF AREAS IN ONE-n2 TWO-LNOKS
MONTH 18 TIME 8

REGION  N=1 ‘M$2 N=3  M=4 N=5 N=b N=T7 N=9 N=9 N=10 N=11 N=12 N=13 N=14 N=15 M=i6 N=17 N=18 N=1Q N=2r

6“.7. '99,.‘1160. 010’?-010(‘.01{‘0.01‘00.0IDO.DIOG.(_‘IO0.0IDO.’.’lOO.DlDO.Q!G',‘.Olf""‘.O15‘(‘.0100.0100."!0’1.0

1 B5.6
2 38.1 63.5 79.2 BB.4 93.6 96,6 98.2 99,0 99,5 99.7 99.9 999120, 0100 NISE, 0107, C100, 010N, 01000100 .0
o 206 5.4 B.2 11,2 14,2 17.2 20,2 23.2 2642 29.2 32.1 35.0 37.8 4Ce5 43,2 45.8 48,3 50,7 53,1 55,3
4 38.4 64.5 80.3 99.4 94,4 97,1 98.5 99.2 99.6 99.8 999100 01000100 C1N0.CIAN . CINE . AINCOLAC.ALND . O
5 4C.7 65.5 89.2 88,7 93,6 96,4 98.7 98.9 99.4 99.7 99,8 99,9 99.910C. 100N 107, 0100, 0100.0100.010 0
6 2143 39,7 54,8 66.6 75.7 82.4 87.4 91.1 93.7 95.6 96.9 97.8 98.5 99,0 99.3 99,5 99,7 99,8 99,8 99,9
A 16,8 32,4 46,1 57,6 67.0 T4.6 BC.5 85.2 88.8 91.6 93.7 95.13 96¢5 97.4 98.1 S9.6 99,0 99,2 99,4 a9,g
8 4148 67.5 B2,4 90.6 95,1 97.5 98.7 99,3 $9.7 99,8 99.9100.C10C.010C.CICC.01C . CLAR.NI00.01N0.0100,.0
-9 19,0 34,7 47:5 57.9 66.4 73,2 T8.7 83,1 86.6 R9.4 91.7 93.4 94.8 96.N7 96.8 97.5 98.1 98,5 98.8 99,1}
10 34.2 5841 T4.0 84.1 90.4 94.3 96.5 98.C 98.8 99.3 99.4 99,8 99.9 99,91N0C.01M0.010C.0100.0100.0100.0
m 41.1 66.8 B1.8 9C,2 94.8 97.3 983.6 99.3 99,6 99.8'99.010040100.9150.0100.o1n7.01ﬁo.c100.0100.0100.0 T
F’_lz 94N 1B.2 27.2 35,R 43,8 51.0 57.6 63.5 68.6 73.2 77.1 80.5 BB.2 9N.2 91.6 93,0 94,1 95,1 i
w 13 1.6 3.5 5.6 7.9 10.3 12.9 15.6 18,3 21.1.-23.9 26.6 29.4 37.6 40,2 42,8 45,3 47,7 50,1 S
w14 L 2 4¢T 7.3 10.1 12.9 15.8 18.7 21.7 24.6 27.6 30.5 33.4 41e6 44.3 46,8 49,3 51,7 54,1 T
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APPENDIX E. CONTINUOUS VIEWING (MONTE CARLO)
PROBABILITY OF SEEING RESULTS

SAMPLE OUTPUT

Perfect Resolution Probability of Seeing Computer Program

Subroutine:
Cloud Statistics:

Computed Relationship:

Sample Output;

Continuous Viewing (Monte Carlo)
Basic 30-nm FOV Enlarged fer lOO-nrn FOV

The probability (percent) of seeing any selected
percent or more of an area 100 n.miles by 100 n miles
in N independent passes, Continuous viewing is
looking or photographing every pass over the area
regardless of cloud cover. Independent passes are
passes at least 24 hours’ apart

Page E-2: Percent probability versus percent (or
more) of area seen for N = 1, 2,. . .8 for Region 1,

January, 1000 LST.

Remaining Pages: Same as Page E-2 for Regmns 1,
2, 8, 11, 18, 19, for each season mid-month (Jan,
Apr, Jul Oct), for 1000 LST, followed by similar
data for special ERTS locations at Chesapeake Bay,
Phoenix, and Feather Rlver.
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