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Introduction -

There is increasing interest today in detecting, from satelliteé, radiation
that is reflected or emifted from the earth. In order to see the earth, a
satellite must look between the clouds, but there is very 1iﬁtle information
as to hﬁﬁ big or how frequent the cloudless areas ave.

One important example of needed information on this subject is the pro-
posed geosynchronous meteorological satellite (SMS). In addition to observing
cloud patterpé and motions, meteorologists are interested in sounding the
atmosphere to determine a vertical temperature profile. In order to determine
this profile down to the ground, they must look in cloudless areas, but the
most interesting weather occurs where there ere clouds. Since a number of
readings are needed for "good statistics", they need to know what percentage
of the area near various cloud patterns is cloudless. Also needed is infor-—
mation on the size of the cloudless areas or rather what instrument spatial
réSoiution is needed to see between the clouds. This is because a tradeoff
must be made between the spatial resolution and the sensitivity of the in-
strument.

Scientists in the Eafth Resources Technology Satellite (ERTS) program are
interested in looking at certain areazs of the earth with various sun angles
and at"various times of the year. Before a program can be set up, information
will be-needed on the clouds covering these areas &t the times of interest,
especially areas that are cloudy most of the time. Such guestions as: "can
the information be obtained by looking between the clouds, or are cloudless
days needed," and "what is the likelihood of a cloud cover at various times
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of the day and year," will need to be answered.




A third possible need for cléud statiséics data could be in determining
the types of clouds‘by correlating the cloud brightness end variance in
brightness with cloudless area.

One of the best data sources for cloud information today is Applications
_Technology Satellites. An ATS-III picture is made up of 2400 lines (ATS-I
has 2000 lines because the earth's poles are not included) with 8000 elements
per line. Each element is assigned one of 256 brightness levels, giving a
wide dyenmic range. This information has been used in various ways (as
described in the following sections) to investigate the previously mentioned

problems. So far, this author's research has been aimed at the SMS problems,

but all of the above problems are related and should be considered together.
DEFINITIONS

‘Before the various methods of attacking these problems are described, a
féw‘t;rms should be defined as they are used in this paper. A datas unit is
the area vhich corresponds to the spatial resolution or instantaneous field of
view (IFOV) of the future instrument. A basic unit is the smallest almost
square area obtainable from ATS data, thet is, one line by three elements or
roughly 4.6 km north to south at nadir and slightly less east to west. These
basic units can then‘bc combined so that the units are made up of 1, L, 95
16, 25; or 36 basic units. (The linear dimension is multiplied L ey e S e
ki, 5, or 6). The respective unit areas at nadir are then 21.2, 8L4.6, 190.6,
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338.4, 529 and 1298 km“. A grid or field is the area over which the statistics

is done and is either 60 or 100 basic units on a side corresponding to 276 knm
and U460 km at nadir respectively. The former size was chosen because it is

divisible by 1, 2, 3, L4, 5, and 6 and the latter because parallel work had




been done on the picture of interest using ﬁhis size grid. Finally, a matrix
is thaﬁ combination of grids covering the particular cloud pattern of

interest.
THRESHOLDS

As mentioned before, each element has 256 possible brightness values.
Clouds are almost alwsys brighter than either land or wéfer but the question
is: "How much brighter?" Cirrus and other typé clouds nmay be quite dark so
that determining the cloud-no cloud threshold is difficult.

A combination of two methods has been used so far in this research.

First a plot of brightness versus element number is made for a given. line.

By locating this line on the corresponding picture, the elements which re-
present cloudless land and ocean vealues are then determined. The upper values
of clear land eand ocesn are then read off the line plot. Figure 1 shows a
typicél line plot giving values for both the green and blue channels of ATS-IIT.
So }ar cloud statistics studies have been méde only with datas from the green
channel; however, anticipating that the blue channel date may be useful,
thresholds have been studied in both channels. A preliminary comparison is

as follows:

1. Land and ocean brightness are about the same in the blue channel.

2., Ocean is darker than land in the green channel.

3. Brightness spread is less over oceazn than over land in both channels.

y. When gains are normalized to the clouds, dyngmic range of green

channel is greéter than that of blue channel.

The larger dynamic range of the green channel makes it more promising for
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cloud studies, but the blue chgnnél might bé'investigatsd further, because of
the greater landwucéanlsimilarity.

The second method of determining the cloud-no cléud threshold is to piot
the frequency at which a given brightness value.occurs within a grid versus
the brightness value. If there is a reasonable emount of clear area within
the grid, a large peak of roughly gaussian shape will represent this clear
area. The point at which the curve starté to rise again or. a few brightness
levels to the cloudy side of.this clear area peak is taken as the point
where cloud interference is becoming important. This point has been chosen
as the threshold. (See Figure 2.)

At this time it should be meniioned that when the analog data was
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problem affects all types of threshold criteria; it is discussed
A.
: ‘In summary, cloud-no cloud thresholds can be determined from severql
meéhods. Two of the most basic have been used in this work. Particularly
over land areas the frequency distribution technicue is difficult; thus more
reliance was placed on the line plot displays in selecting a threshold over
land areas. In all cases, a conservative estimate of the thresholds was

attempted. (ie. vhen in doubt, the threshold was chosen to overestimate the

cloudy regions.)
METHODS

The problem for SMS may be stated as follows: What percentage of the

different size data units within a grid are cloudfrec? Three methods of
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attacking this problem hgve been ﬁsed SO faf; in order of‘increasing
Stringency they are as follows:
=L ety When»enough basic units within contiguous area equal to the area
of a data unit are below the threshold, the unit‘"equivalent" area
is counied.
2. ;When the average of all the elements within a data unit is below
the threshold, the data unit is counted.

s below the threshold, the

[

3. When every element within a data unit
data unit is counted.
The first method was accomplished by adding together all of the basic

-

units below the threshold within a given open erea and then dividing. by the

et

number of basic units per data unit. In this case the "eguivalent" units
have the proper area but they are not rectangulasr and may even have holes in
them. This obviously does not approximgpe the instanteneous field of view
of an ‘instrument so the method was abandoned in favor of the following
metﬁods.

The second method uses square datz units and takes the average brightness
of 11 of the elements within the data unit. This is exactly what an instru-
ment does within its IFOV, but the question of whether there are any clouds
within the unit is unanswered beczuse a dark cloud may be averaged with a
dark cloudless ares and called cloudless.

'Since the main problem is finding the clouds (contaminants) rather than
approximating an instrument, a third method was tried. This involved setting
a Licticiows valosan 3=

every brightness value over the threshold toApne million snd then proceeding

as in method two. The problem of cslling small dark clouds clear is thus




almost eliminated becausg the averaging is éqne over a much smaller area
(ie. apAATS element).

- In the following discussion of results, a comparison between the second
and third methods gives some insight as to hov an actual instrument (in-
cluding of coursé, the ATS sensor) may erroreously flag an area as cloudfree,
when clopds smaller than the IFOV are present.

RESULTS

April 23, 1968 (picture no. 171L410z) end Januery 20, 1968 (picture no.
191131z) were chosen for this study. The grids for which the resulis are
listed in this paper are in matrices 3 and 5 and part of matrix 1 of figﬁre
3 and fields 37-40, 79-81, 83-85, and 87-95 of figure L. Table 1 gi';res the
percentage clear area for methods 2 and 3 Tor each of the grids mentioned
above, with the method 2 percentages given in parenthesis. As might be ex-
pectea, the open sreas of method 3 fall off much faster with decreasing
regglﬁtion than those of method 2. (See Figures I and 6). This is becsause
some cloudy areas are included with the clear areas in method 2 due to the
averaging problem. Figures 7 and 8 show whet the clear areas look like for
the case of a frontal zone (Field 92) and e high pressure cumulus and stratus
zone (Field 85) using method 3. If this had been done for method 2, not all
of the.9.2 km resolution cloudy area would have been within the 18.4 km
resolution cloudy area and the 4.6 km resolution area within the 9.2 km
resolution area. Figures 9-1k comnpare the various grids using the clear areas
of method 3 normalized to the clear area at 4.6 km resolution for each grid.

Figures 9-12 compare the grids within a matrix and figures 13 and 1k compare

grids of roughly the same percent clear area. Figures 15 and 16 compare the

averages of the sbove cases.




SUMMARY

The present study has exaﬂined the percent of cloudfrée area within de-
fined regions. Furthefmore, this parameter (percent clear area) was studied
in relation tQ e varying IFOV of a poésible satellite sensor. 1In addition,
the regiéns studied incluéed-various kinds of meteorological (ie. cloud)
condifions.

It is @ifficult to generalize the results from this relatively small
sample; more work of this kind is needed. However, one result seems evident;
the percent clear area in a region decresses as the spatial resolution of
the sensor is decreased. This result was not unexpected. In addition, the
rate of decrease of the measured parameter is increased as cloud “contaminants"
smaller than the IFOV of the instrument are considered.

These preliminary results, based on real-world neasurements, from one

of the highest resolution sensors available to date (the ATS Multicolor

(=

SéinQScan Cloud Camera), may be interpreted'and used for various applications.
In the preseﬁt study, meteorologicélly aclive regions have purposely been
chosen as areas of interest. This choice wes made since the U. V. group is
interested in assessing the ability of an infrared sounder on a geosynchronous
satellite to obtain vertical temperature profiles in and near these areas of
prime meleorological interest. Thus, these results will be combined with
other ;tudies of instrument design and accuracy to optimize an infrared
sounding systemn.

Of general interest is the indication that clouds smaller than the in-

strument IFOV are very important. In fact, even averaging over 4.6 km by

4.6 km (the basic unit size) versus 4.6 ku by 1.5 km (the ATS element size)




is significant as evidenced by the differenéé in percentage clear area at
4.6 xm resolution for the two methods on the seme grid. (See Figures 5 and
6 and Table 1). This same evidence also indicates that determining a
brightness level threshold in a visible channel is not sufficient by itself
to determine whether‘small glouds are within the instrument's.IFOV. Fér
this reason if would be worthwhile to perform similar tesls with near

infrared and thermal infrered data to see if some combination of threshold

criteria in several spectral channels can detect cloud contamination.



APPERNDIX A

At least three types of bit sticking have been observed. Figure Al
shows a line plot in which there is a predominance of powers of 2>(ie. S2
Sh, 128, and 256). A 6L thus might stand for enything between 32 and 6k,
therefore these pictu;es vere rejected as being unsuitable. Figure A2
shows a brightness lével plbﬁ in which there is_a predominance of levels
divisibie by L. This indicatgs that the two righthand bits are sticking
on zero part of the time that they should be on one. This type of picture
can be used only vhen every four brightness levels averaged. (ie. when
& dynanic range of 256/L = 64 is adequate).

The third type of bit sticking is more subtle and occurs in most of the
pictures. Certain combinations of bits number 2, 3, Lk, end 5 from the right
are on or off more then they should be. (In this study under a different
portion of the same NASA contrect the first bit was eliminated from this
analyéis becavse it was too unrelisble.) For example, 0011 and 0111l occur
too often and 0010 and 0101 occur £oo seldom. As e future refinement to the
data, a correction could be made by determining how often on the average
each brightness value is in error, but this would only help in determining
the threshold since it would be an average correction snd therefore coﬁld
be useq only with a large number of elements such as in the brightness
level plot of figure 2. Whether or not an individual element is in error

would not be known. The only realy solution to the bit sticking problem

is to eliminate it at the source, (vhich has not besen isolated yet) but for

this preliminary study, the available data should be adequate.
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