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ABSTRACT
 

This report is a study of the limitations imposed by the earth's atmosphere on optical remote 

sensing of sea surface roughness from satellites and orbital spacecraft. It is concerned with the 

optical and meteorological conditions at a single ocean location and in the near infrared region 

of the spectrum. 

There is a detailed description of the instrumentation used to make ground-based measure­

ments of optical atmospheric data. The optical system, electronics, photocell circuit, and cali­

bration procedures are defined. 
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INTRODUCTION
 

This is the final report under National Aeronautics and Space Administration Contract NAS-12-2126. 
The objective was to study the limitations imposed by the earth's atmosphere on optical remote sensing of 
sea surface roughness from aircraft and orbital spacecraft. The contract required initial studies of the op­

tical and meteorological conditions at a single ocean location and in the near infrared region of the spec­

trum. The location extended from San Diego to San Clemente Island, 80 miles WNW of San Diego. 

ATMOSPHERIC LIMITATIONS ON REMOTE SENSING 

The principal effect of the atmosphere upon remote sensing by visible light results from the scattering 

of sunlight and skylight upwards toward the orbital spacecraft. Every downward-looking path of sight is 
luminous because of this scattering. Even if some area on the ground is completely black, i.e., has zero 
inherent luminosity, it appears to be luminous when viewed from space. The light in this case is entirely 
due to atmospheric,scattering. Measurement of the luminosity by means of an in-flight telephotometer 

yields a value of path luminance. If the measuring device responds only to monochromatic light of some 
wavelength, its reading denotes spectral path radiance. If the instrument responds to some range of wave­
lengths, path radiancefor that particularinstrument is measured. -

Collection of appropriate in-flight optical atmospheric data is expensive and difficult, but no alterna­
tive exists with respect to the needs of designers and users of optical remote sensing systems operated 

in the troposphere. Data applicable to systems for use at very high altitude or in orbit can be obtained in­
expensively and easily from the ground however, as will be shown in this report. 
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PATH RADIANCE 

Typical units of spectral path radiance are watts steradian- meter - 2 nanometer' because each unit 
of area in the entrance pupil of the measuring instrument receives radiant power within a defined spectral 
bandwidth from a specified solid angle within the field of view. Rigorously, spectral radiance is the limit 
approached by the ratio defined above as the solid angle, the receiving area, and the wavelength interval 
respectively approach zero. 

Since all of the light included in the path radiance is placed there by scattering in the atmosphere, it 
contains no information about objects on the ground. Path radiance is ordinarily the same, moreover, for 
every part of any reasonably small field of view; i.e., it is usually identical in all parts of the picture. 

Path radiance depends upon both the optical state of the atmosphere and the nature of the lighting on 
the path by the sun, the sky, and the ground. It adds to whatever image-forming light from the ground 
reaches the orbital spacecraft. Thus, it veils the image by reducing its apparent contrast. If the path ra­
diance is great enough the apparent contrast of the object is below the threshold of the viewing system 
(eye, camera, etc.) and the object is not seen. Obviously, knowledge of path radiance is a critical re­
quirement for the design of optical remote sensors. 

TRANSMITTANCE OF THE ATMOSPHERE 

Light reflected or emitted by objects on the ground carries information about these objects. Some of 
it departs in the direction of the orbital spacecraft but not all of that light is received. A sizeable frac­
tion of the image-forming light coming from the ground may encounter atmospheric particles and be scat­
tered out of the path of sight. That fraction of image-forming light which does reach the remote sensor 
without having experienced disruptive scattering is called the beam transmittance of the path of sight. 
Additional adjectives such as spectral, luminous, instrumental, etc. are used exactly as in the case of 
path radiance. 

Beam transmittance is a property of the atmosphere but not of its lighting. In atmospheres having hor­
izontal uniformity, beam transmittance does not depend upon the azimuth of the path of sight relative to 
the sun. It is always the same for a given path of sight regardless of whether the image-forming light 
travels upward or downward. Knowledge of beam transmittance is therefore another important requirement 
for the design of optical remote sensors. 

HORIZONTAL UNIFORMITY 

In many cases an atmosphere can be validly and usefully approximated as having horizontal uniformity; 
i.e., the only important optical variations are vertical. It is commonplace to think of the atmosphere as a 
vast assemblage of flat horizontal layers, but this is by no means always true. Minor point-to-point 
changes in optical atmospheric properties are often recorded by instrumented aircraft in horizontal flight. 
Very little reliable statistical information on the nature of this type of variability in the atmosphere 
exists. Fortunately, the effect appears to be nearly negligible on most of the occasions when the atmos­
phere is clear enough to see down from high altitudes. Consequently, horizontal uniformity in the atmos­
phere will be assumed here. 

OTHER OPTICAL ATMOSPHERIC PROPERTIES 

Several other optical atmospheric properties are defined, calculated or measured, and tabulated in the 
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literaturel.2. Someof these (e:g.. attenuation coefficient, attenuation length, path function, volume scat­

tering function) are used to calculate the beam transmittance and path radiance of particular paths of 
sight. Others (e.g., equilibrium radiance) have special uses in atmospheric modeling 3 or in the smoothing 
of data. The end use of all these properties is the generation of beam transmittance and path radiance, or 

some function-of them, for particular atmospheric paths of sight. 

SELECTION OF SPECTRAL REGION 

The satellite camera sees the apparent radiance of the sea which contains the space-averaged radi­
ance of the surface of the sea plus the path radiance due to sunlight and skylight scattered toward the 

satellite by the atmosphere throughout the path of sight. Another component arises from the daylight 

which has penetrated into the depths of the sea and has been redirected upward by the scattering pro­
cesses within the water. Fortunately, this scattered component can be eliminated completely if the satel­
lite makes its observations in terms of red or infrared light. At these wavelengths the water molecule ab­
sorbs very strongly. Thus, the component of the daylight which enters the ocean is absorbed so completely 

that no appreciable amount of it is scattered upward toward the satellite*. The present study used the 
near infrared region of the spectrum for this reason. 

MEASURED OPTICAL ATMOSPHERIC DATA 

Measured data on the path radiance and beam transmittance of real atmospheres are not plentiful. They 
are collected by three means: 

1. 	 By photographic aircraft over-flying test panels set up and monitored on the ground; 

2. 	 By instrumented aircraft equipped with photoelectric recording equipment for measuring 
optical scattering and many aspects of the light incident on the aircraft from all directions. 

Suitable integration of vertical profiles of such data enables path radiance and beam trans­
mittance to be found; 

3. 	 By ground-based instruments which measure apparent radiance at the center of the solar disk 
to obtain the total beam transmittance of the atmosphere and make radiance maps of the sky 
from which path radiance can be calculated for paths of sight through the total atmosphere. 

The first two of these methods relate strictly to paths of sight from aircraft to earth. In very clear 
weather the obtained data can be extrapolated upward by means of, standard atmosphere data. But such 

extrapolations are uncertain when any form of clouds, even very tenuous ones, are above the maximum al-, 
titude at which measured data are taken. The third procedure provides data which are strictly applicable 
only to remote sensing from orbital spacecraft or satellites. It is, by far, the easiest and cheapest source 

of reliable atmospheric data and is the only method with which this report is concerned. 

GROUND-BASED MEASUREMENTS 

Techniques developed within the Visibility 'Laboratory were used to construct two contrast reduction 
meters for this project to collect optical atmospheric data. The equipment and methods for calibration are 
described in the following section. Values for vertical path radiance and vertical beam transmittance 

* This concept has been explained in more detail in an earlier report 4 . 
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were derived from the ground-based measurements through methods developed s and validated6 within the 
Visibility Laboratory. 

The vertical path radiance is derived from the ground-based measurements of beam transmittance and 
the sky radiance as follows: 

-Tc0)11N:(%4) =Nc( 0' 0') [$ 
Here: 

N*(o,0,) is the path radiance of the downward inclined vertical path of sight 
0,9 from the surface of the sea to any altitude outside the atmosphere, i.e., 
z oc, and N(0,0',9') is the path radiance, i.e., the radiance of the sky as 
seen from the surface of the sea, of an upward inclined path of sight 0',9' 
which has the same angle from the sun as does the downward inclined path 
of sight 0,k. 

The T.(., 0) is the vertical beam transmittance of the downward inclined 
path of sight 0,9 from the surface of the sea to any altitude outside the 
atmosphere (w) and T4O, 6') is the beam transmittance from the surface 
of the sea to space for the inclined path of sight defined by 0' and 0'. 

The beam transmittance for the path of sight from the surface of the sea in the direction of the sun is 
obtained directly from the solar transmissometer measurement of the apparent radiance of the sun 
,N.(0,0 ,0) and the inherent radiance of the sun outside the atmosphere of the earth sN. by the following 
equation: 

SNJO, ,O) N* (0, ,O) 
T0 (0,O) = (2) 

Because the second term on the right is usually not over 1 percent of the first term it can be neglected. 
Then, 

oN 'j,O ,0)0

T(0,0o) (3)
sho
 

The inherent radiance of the sun outside the atmosphere of the earth N. has been deduced from the 
literature 7-9. 

After relative optical air mass correction' 0 , data from the solar transmissometer provide the two 
values of beam transmittance needed for Eq. (1). This is the only time that the optical air mass reference 
will be used; all other air mass references are to meteorological air mass types. 

4­



The values of beam transmittance required in Eq. (1) are obtained from solar beam transmittance by 
means of the relations 

T.(oo,O) = T,(O)c.s0 (4) 

and 

T (O,') = TJO(,O,)c°s6,/cosO1. (5) 

The radiance of the sky as seen from the ground or the surface of the sea along the upward inclined 
path of sight 0' and 0' is measured by means of a sky telephotometer on the ground. It should be noted 
that normally there are a number of skyward directions for which the path of sight has the same angle from 
the sun as does the path of sight looking down from space to the surface of the sea. Data for any of these 
paths maybe used in Eq. (1) and should produce the same value of N( 0 0 ,). Usually the measurement 
is made for an upward inclined path at the azimuth 180 degrees from the sun. When the sun is at an ele­
vation of more than 45 degrees, the path used is 90 degrees from the sun in the 180-degree azimuth. Fig­
ure 1 illustrates the position of the sky telephotometer for measuring the sky radiance at the azimuth 180 
degrees from the sun, for the same angle (0) from the sun as for a satellite camera looking vertically 
downward. The diagram represents a plane passed through the azimuth of the sun. 

0. 45­

0 0
 

TELEPHOTOMETER
 

Fig. 1. Scattering Angle from the Sun (0) for Observer and Telephotometer. 

If the sky contains scattered or broken clouds the measurements of sky radiance must be made in clear 
portions of the sky only. If no appropriate clear region of the sky can be found, the method cannot be used. 
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THE CONTRAST REDUCTION METER
 

GENERAL DEVELOPMENT OF THE CONTRAST REDUCTION METER 

Over the years an instrument system has been developed at the Visibility Laboratory and used success­
fully on several projects both in the field and at the Laboratory site on Point Loma in San Diego. The pri­
mary function of this system, the contrast reduction meter (CRM), is to measure three radiometric quantities 
which result from the irradiation of the earth by the sun and from the optical properties of the atmosphere. 
The three quantities are: (1) apparent radiance of the central portion of the solar disk; (2) radiance of 
any point of the sky; and (3) irradiance arriving on a horizontal plane. The spectral region over which the 
measurements are made is determined by the spectral response of the photodetector used and the color 
filters selected. Several different models of the CRM have been fabricated at the Laboratory and the two 
identical models built especially for this project will be identified here as Serial No. 1 and 2. 

The CRM is a marriage of three optical light collection systems with one photodetector for all three 
systems. The system desired is selected manually. These three optical systems are: 

1. 	 Solar Transmissometer: This consists of simply a telescope which uses a pinhole aperture
 
to image the sun on a stop containing a second pinhole.
 

2. 	 Sky Telephotometer: This is a telescope type system designed to collect light from a re­
stricted field of view (4.4 degrees). It is at the rear of the solar transmissometer.
 

3. 	 lrradiazceCollector: This collector is designed to accept light in proportion to the cosine
 
of the angle of incidence. It slips over the sunshade of the sky telephotometer to convert
 
from a radiance to an irradiance type measurement system.
 

The optics of all the CRM's fabricated and used by the Visibility Laboratory are essentially identical 
except for small differences in the focal lengths of the lenses used in the sky telephotometer. In all the 
CRM models the sky telephotometer optical axis is 90 degrees to the optical axis of the solar transmis­
someter. In normal usage the CRM is mounted so that when the solar transmissometer is aimed at the sun, 
the sky telephotometer is looking at a point in the sky 90 degrees from the sun in the plane through the 
sun and the zenith point. 
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The major modification used for the first time on CRM's Serial No. 1 and 2 is the photometer for de­
tecting, amplifying, and displaying the signal. All earlier versions used photomultiplier tubes for the de­
tector. The more recent models, excluding Serial No. 1 and 2, had thermoelectric units within which the 
photomultiplier is installed and where its temperature is closely controlled to avoid the changes in re­

sponse most photomultiplier tubes exhibit with changes in temperature. The photometer circuit used was 
such that the response was quasi-logarithmic and the photometer was capable of covering a range of many 
orders of magnitude. Because of this, it was necessary to obtain a complete calibration curve for each 
CRM and to apply this calibration to each data point when reducing the data. When used for its intended 

purpose, a large dynamic range is not required in the CRM to collect the data and it was decided that a 

linear response would be more convenient for the user. 

The solar transmissometer presented a problem however. Calibration procedures required that it be 
calibrated at a level much lower than the one at which data were obtained and this span was bridged over 

several orders of magnitude by a relative calibration of the photometer. A review of the calibration pro­
cedures led to a revised method for calibrating the solar transmissometer and in general all absolute cal­
ibrations are now made within the range over which data are obtained. 

It was also decided to investigate the possible use of a solid state detector to replace the photomulti­

plier. It was felt that this would greatly simplify the photometer and enhance the reliability of the CRM. 
A silicon solar cell was selected for study on the basis of its spectral response in the regions of interest 
and its good temperature stability characteristics. The detector selected did prove to be adequate for this 
application. Testing showed excellent stability in the visible region of the spectrum but a change in sen­

sitivity with temperature was found in the near infrared region. A temperature-compensating circuit was 
therefore devised. This compensation is automatically switched into the circuit whenever data are col­
lected within the near infrared region. 

The CRM's Serial No. 1 and 2 have two filters either of which can be selected by the operator. De­
pending upon the filter used, the photometer response is either a visual photopic one or one in the near 
infrared between 700 and 1100 nanometers (10-percent points). Thus six channels of information are ob­

tained, three in photometric units and three in radiometric units: 

Photometr ic Radiometric 
(photopic) (700 to 1100 nanometers) 

Solar Disk 	 Apparent Luminance Apparent Radiance
 
(lumens steradian- ' feet- 2 ) (watts steradian- ' feet- 2)t
 

Sky 	 Luminance Radiance 
(lumens steradian- ' feet - 2 ) (watts steradian-' feet- 2 ) 

Downwelling 	 I Iluminance Irradiance
 
(lumens feet - 2 or foot-candles) (watts feet -2 )
 

To help the operator check the functioning of the photometer and obtain data on the long term stability 
of the photometer, a stable reference source has been installed within the CRM Serial No. 1 and 2 pack­
ages. When the reference reading is taken, the filter mechanism inserts a shutter in front of the photom­
eter, blocking all entering light, and the silicon photodetector is exposed to the flux from a small 

- 2	 1 2tA value in watts steradian- 1 feet x 10.764 yields a corresponding value in watts steradian-
MeteTs 

-
. 



lamp which is powered by a very stable voltage source. Thus seven channels of information are obtain­
able. These are the three optical functions of apparent solar radiance, sky radiance, and irradiance, each 
in two spectral regions, and the calibration reference signal. Each of the channels has its own span or 
gain circuit which is automatically brought into use when the optical mode/color filter combination or ref­
erence lamp is selected by the operator. During calibration, each of these seven channels is individually 
adjusted so that the significant figures of the output voltage are the significant figures of the parameter 
being measured in absolute units. The output voltage is displayed on a digital voltmeter on the control 
console and is also available in digital format for recording on tape or driving a printer, should either be 
desired. The linear response direct readout control console has proved to be quite desirable. Both data 
collection and calibration procedures are simplified and less time consuming. The data read from the con­
sole are in absolute units and directly useable, without further processing, as inputs for the equations 
from which vertical beam transmittance and vertical path radiance are derived. 

USES OF THE CRM MODELS (Refer to CRM Serial No. 1 and 2 operation manual for detailed 
operating instructions.) 

OPTICAL TRANSMISSION PROPERTIES OF THE TOTAL ATMOSPHERE 

The CRM is frequently used to obtain data from which optical transmission properties of the total at­
mosphere (from space to the earth's surface) can be computed. Specifically, the information obtained can 
be used to compute the amount that the contrast of objects on the surface is reduced by the passage of 
the optical signal through the atmosphere, hence the name contrast reduction meter. Later sections of 
this report discuss the use of the data in detail. 

MOUNTING 

The CRM is usually placed on a sturdy astronautical type equatorial mount adapted to this use. It is a 
good practice to have the equatorial mount firmly secured to a rigid support such as a large diameter pipe 
imbedded vertically in a concrete pad or bolted to a solid platform. 

EQUATORIAL COORDINATE 

If continuous data of apparent sun radiance are desired, it is convenient to set up the mount as would 
be done for a telescope, with the equatorial axis aligned with the north/south axis of the earth. This fa­
cilitates tracking of the sun. Occasionally a clock drive has been used successfully and then only in­
frequent adjustments are necessary to correct for drift of the sun in declination at certain seasons of the 
year when this drift is most rapid and for atmospheric refraction during early and late periods of the day. 

ELEVATION AZIMUTH 

If data are taken infrequently, an elevation azimuth coordinate procedure may be more convenient. The 
equatorial axis is placed horizontally as the axis for elevation and the vertical axis of the mount is used 
for rotation in azimuth. This method allows the elevation and azimuth of the sun to be read from dials on 
the mount at the time the solar transmissometer is aligned with the sun's disk. A further advantage is 
that the CRM can be more easily placed in a horizontal position to obtain the irradiance reading. 
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SKY-MAPPING 

The CRM has provision for rotation about the axis of the solar transmissometer. If this axis is placed 
horizontally, the sky telephotometer can be scanned through a vertical plane which passes through the 
zenith. An analog voltage which represents the scan position is available and by using an X-Y chart re­
corder a plot of sky radiance in a plane through the zenith is produced, By repeating this in various azi­
muth planes, data for a map of sky radiance can be obtained. An attenuator switch with X1, X0.1, and 

the sun. A range of radiance values of 104XO.01 positions allows readings to be taken in the area near 

can be covered by using this attenuator switch. 

SCAN OF SUN'S DISK 

By aligning the solar transmissometer on a point ahead of the sun's apparent motion and allowing the 
sun to pass through the field of view of the CRM, a scan of the apparent radiance across the disk of the 
sun can be obtained. 

RADIANCE AND DIRECTIONAL REFLECTANCE 

Occasionally the sky telephotometer has been used to measure the directional radiance of natural 
terrains, manmade surfaces, large grey scales, etc. By making a comparison measurement with a surface 
of known directional reflectance, values of directional reflectance under the existent lighting conditions 
can be obtained. 

DESCRIPTION OF THE CRM SERIAL NO. 1 AND 2 

OPTICAL SYSTEM (See Fig. 2 for schematic of the CRM collection optics.) 

COSIne C~ilrctor 

C.11
 

50 in uIect 'Ve Lens 
Aernure z 0.25 in, 

Primary Apert e ca Plane sprle, Foal Length 2,8 in, 

Weather Shield Di.anld Sa;nshade 0.048 in. .i 00 1i 

111 Roatnable Prsis 

' Field Sto, and 
Sun Field Lens 

A,,enisae 0.2 in. 
Firal Length 0.625 in. 

Co CorreconBaffles 

Fiters and Filter 
Changing Mechanism 

and Elsctr..Cs 

Fig. 2. Schematic of Collection Optics for Contrast Reduction Meter. 
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Solar Transmissometer. (See "A" in Fig. 3.) The collection optics of the solar transmissometer con­
sist of two small holes separated by 50 inches. No lenses are used to reduce the stray light which is al­

ways a concern when making measurements of high intensity sources. Stray light is of particular concern 
when the transmissometer is used to measure radiance values of the aureole surrounding the sun. The two 
small apertures are carefully machined to have sharp knife-edge openings which are held to close diam­

eter tolerances. The sizes of these apertures are also carefully held to maintain consistency among CRM 
models. But, more important, the size of the forward primary aperture must be known accurately since the 
square of its diameter is a constant which is used during calibration. These apertures are mounted at the 
ends of a long cylinder. Within this cylinder are knife-edged baffles strategically located to block inter­

nal reflections. A small cylinder is mounted in front of the forward primary aperture to shield it from most 
of the off-axis sky light and the weather. The diameter of the forward primary aperture is 0.048 inches and 
the diameter of the rear aperture 0.066 inches. These dimensions were arrived at by considering the reso­
lution desired on the sun's disk to avoid limb darkening influencing the measurement and to keep the ef­

fect of diffraction below a significant level. 

DC 

Fig. 3. A View of the Contrast Reduction Meter. 

When the CRM is properly aligned with the sun an "image" of the sun is formed at the plane of the 

rear aperture with the rear aperture in the exact center of this "image." The energy arriving from the cen­

tral portion of the sun's disk passes through the rear aperture, is deviated 90 degrees by a prism, passes 

through a collection lens 4which is also the field lens for the sky telephotometer), and arrives at the 

photodetector, The field of view of this type of system is not sharply defined and vignetting occurs at the 

edges. A point on the forward aperture has an acceptance angle, determined by the rear aperture, of 
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0.00132 radians (4.54 minutes). But, for each point on the area of the forward aperture, the axis of this 

acceptance angle is positioned differently with respect to the optical centerline. The net result is that 
the CRM responds equally to all rays entering the forward aperture at angles less than 0.655 minutes from 

the optical axis. When the angle of an entering ray increases beyond 0.655 minutes, the sensitivity of the 

CRM decreases until it reaches zero at 3.88 minutes, beyond which no light is accepted. Figure 4 shows 

this graphically as the theoretical relative response of the CRM when a point source at a great distance is 

scanned across the field of view of the solar transmissometer. 

0 

I I 

I -06. .. .... 7? 


3 88 

Fig. 4. 	 Theoretical Relative Response of the Solar Tranamissometer to 
a Point Source Scanning through the Field of View. 

Sky Telephotometer. (See "'B" in Fig. 5.) The sky telephotometer is mounted at the rear of the solar 
transmissometer with its optical axis 90 degrees to the axis of the transmissometer. When using the tele­

photometer the prism used to relay the light from the transmissometer is rotated out of position. The light 

from the solar transmissometer is blocked and the light entering the sky telephotometer is allowed to pass 

straight through to the photodetector. The telephotometer has an entrance aperture of 6.35 millimeters and 

an achromatic objective lens with a focal length of 68 millimeters. The focal length of the lenses varies 

slightly on the different CRM models. Mounted in front of the objective lens is a sunshade with internal 

baffles to reduce stray light. In the focal plane of the objective lens is a field stop which limits the field 

of view to about 4.4 degrees. Behind the field stop is a field lens which images the entrance aper­

ture on the surface of the photodetector. 
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Fig. 5. Another View of the Contrast Reduction Meter. 

Irradiance Cap. (See "C" in Fig. 3.) The irradiance cap is a device designed to collect and transmit 

light in correspondence with the cosine of the angle of incidence of the arriving light. This cap slips over 

the sunshade of the sky telephotometer and converts it from a system which makes a radiance measure­

ment to one which makes an irradiance measurement. With this cap in place the optics of the telephotom­

eter simply collect the light from the back of the irradiance cap and relay it to the photodetector. 

°
Alignment Sight. (See "D " in Fig. 3.) The alignment sight is mounted on the side of the transmis­

someter barrel and is used in aiming the transmissometer at the sun. It is a small diameter telephoto lens 

with an effective focal length of about 26 inches which produces a 0.250-inch diameter image of the sun 

on a surface located about 10 inches behind the lens. This surface is open to view and has crosslines 
and a circle engraved upon it the size of the image of the sun. The sight is aligned with the solar trans­

missometer so that when the image is centered on the crosslines and circle, the image of the sun within 

the transmissometer is also centered on the rear aperture. Verification of alignment is achieved by direct 

examination through a viewing port (see "E" in Fig. 5)of the image at the rear aperture of the solar trans­

missometer. A circle which matches the image size is engraved on the surface around this aperture to 

facilitate observation. The alignment sight is frequently used to "find" the sun and final alignment is 

accomplished by looking through the view-port. 
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THE CRM ELECTRONICS 

The CRM electronics are packaged into four modular assemblies, the filter changing assembly, prism 

assembly, photocell assembly, and the control console. The first three are mechanically connected to­

gether and electrically connected to the control console. All four assemblies are interchangeable between 

CRM Serial No. 1 and 2. See Fig. 6 for the control console. 

*W 

Fig. 6. Control Console. 

The filter changing assembly places a photopic filter, a red filter, or a blank paddle in the light path 
when the corresponding pushbutton switch on the control panel is energized. The blank paddle interrupts 

the incoming light to the photocell when the reference lamp switch is pushed. Verification switches in 

the filter assembly confirm each of the operations by causing the proper control panel switch to be illumi­
nated when a filter or blank paddle is in the correct position. 

The prism assembly mechanically selects one of three measurement modes. They are: 

1. Horizontal irradiance (H,) or illuminance (E,) 

2. Apparent sun radiance (N...) or luminance (B...) 

3. Sky radiance (N. ky) or luminance (B kY). 

Verification switches in the prism assembly assure that the prism is in position by illuminating the cor­
responding control panel switch. 
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The photocell assembly contains the photocell, input amplifier, temperature-compensation network, 

gain changing circuit, and reference lamp. 

The control console houses the second amplifier, calibration circuit, gain switch, digital readout, and 
other electronics. 

Photocell Circuit. (Refer to circuit diagram, Fig. 7.)The input flux is received by a Sensor Technology 

Inc. silicon solar cell P1. Illumination causes a linear variation of the photocell short-circuit current. 

The output current developed into a load is a function of illumination level, load resistance, and cell 

photosensitive area. The chopper-stabilized high gain amplifier Al inverts the photocell signal and pre­

sents a low impedance (roughly 0.1 ohm) to the photocell. 

The reed relays SW1, SW2, SW3, and SW4 apply feedback resistors around amplifier Al. When the 

meter multiplier switch on the control panel is positioned to XI, SW3 is in the normally closed position 

and resistor R5 (100K ohms) or- R6 is in the feedback loop. Resistor R6 is a temperature-compensating 

thermistor network coupled to the photocell and is placed in the feedback loop whenever SW4 is activated. 

Relay SW4 is energized when the red filter or the reference lamp pushbutton switch on the control panel is 

pushed. Figures 8 and 9 show the photocell before and after temperature compensation. It was found that 

no compensation was needed in the photopic region of the photocell spectral sensitivity. When position 

X.1 is selected, SW2 and SW3 are activated placing resistors R3 and R4 in the feedback loop. Resistors R3 

and R4 are adjusted to reduce the output of amplifier Al by a factor of 10. Selecting position X.01 acti­

vates SW1 and SW3 and reduces the output of Al by a factor of 100. 

Lamp Li is an unbased miniature lamp with an unsupported filament manufactured by LAMP, Inc. It is 

powered from a regulated supply and operated at its design voltage of 5.0 volts and design current of 

0.060 amperes. It is physically located so that it illuminates the photocell at the same time the filter 

changer blank paddle occults the incoming flux. This occurs when the reference lamp control panel push­

button switch is pushed. Resistor R7 is a zero offset potentiometer which adjusts the offset voltage of 
amplifier Al. The function of capacitor Cl is to reduce the high frequency response of Al and prevent 

any oscillations. 

Control Console Circuit. The positive output voltage of amplifier Al is dc coupled to the second 

chopper-stabilized amplifier A2. The gain of amplifier A2 is determined by the ratio of any one of the 

-seven calibration feedback resistors to the 1 K resistor R8. Resistor R8 is the load for Al and R23 is the 
load for A2. Resistor R9 is the zero offset potentiometer for A2 and C9 limits the high frequency re­

sponse. Relays SW5 through SW1l are individually activated by the six illuminated pushbutton switches 

on the control panel. These switches are equipped with holding coils and are interconnected in two groups 

of three. Each group is wired so that the pressing of one button automatically releases any of the other 

two buttons previously held down by the magnetic detent. The red filter, photopic fitter, and reference 

lamp switches are in one group, while the Nsky - Bsky' Nsun - Bsu n . and Ht - Et switches are in the 

other group. The lights in the switches act as verification indicators and will light only if the prism as­

sembly is in the proper position and the chosen filter has flipped into place. Small microswitches mount­

ed in the filter changing assembly andthe prism assembly are wired to the control panel switches to acti­

vate the verification indicators. These are not shown on the circuit diagram. 

The output of the second amplifier is attenuated by R23 and displayed on the digital voltmeter on the 

control console. Relay SW12 is a normally closed pushbutton panel switch (10V F.S. on the control con­

sole) which, if activated, applies a preset -10 volts (from R24) to the meter. Resistor R24 is connected 
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across the -15 volt power supply and is-preset to -10 volts within ±0.05 percent. The ACDC Electronics 
Inc. power supply-BXlD-0.3 provides the positive and negative 15-volt power to the circuit. It is regu­
lated within ±0.01 percent for line voltage changes of 105 to 125 volts and load changesof 0 to 0.3 
amperes. 

The Wanlass 60-OEM-3 power supply provides 28-volt power to-the reed relays, filter solenoids, lamps, 
and switch-holding coils. It is regulated within ±1 percent for line voltage changes of 105 to 125 volts 
and load changes of 0 to 2 amperes. 

CALIBRATION OF THE CRM SERIAL NO. 1 AND 2 

SOLAR TRANSMISSOMETER 

Calibration of the solar transinissometer presents an interesting problem since the radiance of the sun 
which is measured with this system is many orders of magnitude above levels normally achievable using 
standard sources. In one method used, the forward aperture is replaced by a much larger opening which 
increases the light-gathering power by a factor of 1000. With this larger aperture in place, the system is 
calibrated on a photometric bar using a plaque of known reflectance, such as Mg 02, and a standard lamp 
of known intensity. Even with the gain of 1000 the level reached is well below the level at which the 
measurement is made. The-photometer must have a dynamic range large enough to bridge the remaining 
span between calibration level and data level. To avoid having a large photometer range only for calibra­
tion purposes, an alternate calibration procedure has been devised allowing the use of a solid state de­
tector and making the photometer less cumbersome. This procedure requires, as did the other method, that 
the size of the forward aperture and the separation between the forward and rear apertures be accurately 
known. No intermediate calibration aperture is required and the energy level at the photometer is in the 
range over which data are taken. The following is a description of the calibration procedure now used for 
the solar transmissometer. 

1. When used to examine the solar disk the collection optics of the transmissometer consist of two 
small holes separated by 50 inches with a small aperture and a small field of view. The defining dimen­
sions are shown in the sketch below. 

Forward Stop Dia = 0.0469 inches Rear Stop Dia = 0.066 inches 

To center of sun 50.00 To detector 

A, = Area1 1=50.00 inches A2 = Area 2 
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2. Looking at a source of uniform radiance over the field of view of the instrument, the power arriving 
at the detector for this type of system will be 

P = 	N. TA 1 A 2/1 2 (watts), (6) 

where-

N. = Radiance of the source (sun) 
- 2 )

(watts steradian 1 feet 

T = Transmission of any filters used 

- 2 )A, 	 = Area of forward aperture (feet

= Area of rear aperture (feet- 2 )
A 2 


1 = Distance between Al and A2 (feet).
 

The 	signal generated by the detector will be 

V 	 = CSP N (X)T(A)S(X) dA 1 (volts), (7) 

where: 

C = A constant determined by the gain of the electronics 

SP = Peak radiant sensitivity of the detector 

N. 	(A) = Spectral radiance of source 
(watts steradian-I feet-2 nanometer-') 

T(x) = 	 Absolute spectral transmission of filters used 

S(A ) = Relative spectral response of detector normalized to 
peak response. 

3. The forward aperture and all housings, baffles, etc. forward of the rear aperture are removed and 
the rear aperture is placed normal to the axis of a standard source of radiant intensity, as shown below. 

Source Rear Stop Dia = 0.066 inches 
(Lamp) 

dL 	 ATo detector 

A2 
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The power arriving at the detector wiIl be 

=JL (watts). 

The signal generated will be 

VL = [CSp f JL(X) T(,x) SCX) dX - (volts), 	 (8)o 	 d2
 

where 

JL(A) = 	 Spectral radiant intensity of the lamp 
(watts steradian- 1 nanometer - 1 ) 

dL ' = 	Distance to standard lamp durind calibrations (feet); 

4. Dividing Eq. (8) by Eq. (7) gives the ratio 

VL 12 0 JL(A) T() S(X) dA 

(9)
 

Vs A, d,2 f NS (A)T(x) S(X)d 

Let 

N (Tksx) N (x) T(X) S(x) d 

and change the integrals to summations. Then 

N (TXSA) = _ -_ ) SJL(A) T(X) S(X) AX 	 (10) 

VL /A, 	d 2 

-(watts steradian ' feet- 2). 
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If the absolute spectral radiant intensity output distribution (JL(x)) of the lamp is known, this expres­
sion suffices. 

5. The spectral radiant intensity of the lamp is 

JL(X) = - -WL(A), 	 (11) 

where; 

=JL(X) Spectral radiant intensity of the lamp as a function of wavelength
I - 2)(watts steradian- feet 

WL(x) = 	 Spectral radiant emittance of the lamp, which is a function of 
wavelength, determined by the absolute temperature of the filament 
and the emittance c of tungsten at this temperature 

-(watts steradian- feet 2 ) 

AL = 	 Projected area of the lamp filament. 

The luminous intensity of the lamp is 

680 AL f 
IL WL(X) Y(A) dX 

and 

7T 1 
AL = -- (12) 

680 SWL(X) V(X) Ax 

Substituting Eq. (11) into Eq. (10), 

N ( VIV~ZL(X)TL XN(TX SA) \, v !Al d2X k! 	 o A.(3 

Substituting Eq. (12) into Eq. (13) and indicating normalized functions with a bar, 

XW2x T(A) 5cXk) Ax 
N X (14) 

-(watts steradian 1 feet- 2 ) 
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Since WL(X) appears in the'numerator and denominator, it is not necessary to-use absolute valuesbut 
it is the custom to normalize this function at 555 nanometers, the peak of the Y(A) function (the spectral 
response of the standard observer). The product T(x) S(a) is normalized to its peak value as is Y(X)* 

6. Where the actual S(x) TcA) response does not agree exactly with the desired function, a color­
match correction factor, 

T(A)SX;N () T AX (Ideal) 

IN (?L)T(X) S A) AA (Actual) 

is applied and Eq. (14) becomes 

-WL(x)T(x)S(X) N.\(V/ IL 1 	 (Actual)\ )Tx)S) AA (Ideal)A 
L(xA L(0)(X

,/\680/\ FW(Tk	 ,A)-2)( ) Ax /\SNA(X) A X (Actual) / 

-(watts steradian 1 feet- 2 ). 

7. 	 For photopic response
 
T(X)S(xL) = Y)
 

and if we assume a perfect color match, Eq. (15) becomes 

M(X) = - (watts steradian-' feet- 2) 	 (16) 

or 

\- L/ Id2) 1 L (lumens steradian ' feet 2 ). 	 (17) 

The expression given in Eq. (15) is of a form frequently used. However, it was found convenient to 
use the radiant intensity function (JLX) for thelamp rather than the radiant emittance (WLX). Also, if the 
spectral response of the system does not exactly match the desired response, two color correction factors 
may be applied. One factor corrects for the mismatch when using the calibrating source. The second fac­
tor corrects for the error the mismatch causes when data are taken. 

Rewriting Eq. (15) in terms of the radiant intensity of the calibrating lamp JL(A) and including both 
color correction factors we have, 

N =T)V(t)( L L XT X A FI F2 	 (18)[ ) 
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and 

F1 = Color correction factor for calibrating lamp 

SJL(x) SxTX AX (Actual) 

ZIJL(,X) SXTx. AX (Ideal) 

F2 = Color correction factor for measured source 

() S(,x)T(,) Ax (Ideal) 

-W8 (X) S(x.)TX AX (Actual) 

where: 

NsAXa) = Radiance within spectral function defined by SxTX 
- 2 )(watts steradian- ' feet 

V, = Voltage signal from photometer when solar transmissometer 
is looking at the sun 

VL = Voltage signal from photometer when system is calibrated 
with standard lamp 

1 = Distance between entrance aperture and rear aperture of 
transmissometer (feet) 

Al = Area of entrance aperture (feet2) 

dL = Distance to standard lamp during calibration (feet) 

IL = Intensity of calibration lamp (candelas) 

JL(A) 
-= Normalized spectral radiant intensity of calibration lamp 

- - 1) IL (watts steradian- I nanometer ' candela

SX = Spectral response of photodetector 

TA = Spectral transmission of optical system and filters used 

S.TX = Normalized product 

W (A) = Normalized radiant emittance of sun. 
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A discussion of the color correction filters and the methods used to determine the spectral functions 
and color correction factors is given in the following section. For the measurement in the red region, the 
response obtained was considered to be the desired response and no color correction factors were applied. 
For the photopic response the color correction product F, x F 2 was determined to be 1.043. The forward 
apertures of both CRM's Serial No. 1 and 2 were carefully measured andthe optical constant IA/A 1 was 

-computed to be 1.369 x 106 steradian ' for CRM Serial No. 1 and .1.384 x 106 steradian- for CRM Serial 
No. 2. The average value of 12/A. = 1.3767 x 106 steradian (± 0.56 percent) was used for both CRM 
models. As discussed in the section on color functions, the summation 

,JL(X) 
 Sx.TX AX
 

was computed and found to have a value of 0.01134 watts steradian- candela-'. Inserting these con­
stants into Eq. (15) gives the following relationships:, 

A. For the red region 

N = 0.0156 x (L)d -) (watts steradian feet 2). 

The-photometer has a linear response, (1/VL)(IL/d2 ) is a constant, and N(sA TA) = f(V) = KV . Then 

_VL = (0.01561 x 106) ')(-) (calibration) 

and 

N(S\TA) = KV" (watts steradian ' feet 2) (data), 

where 

K = A constant determined by the overall gain of the system. 

During calibration the gain is adjusted to make the constant K some multiple of 10 and the voltage 
output can be read directly in radiance units. 

B. For the photopic region the luminance (8) is 

B= - )( (1L) F1 F2 . 
\VL/\AdLI 

Substituting F1 F2 = 1.043 and 12/A 1 = 1.376x10' , 
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B = 1.436 x 106 (-- I . 
"'V-L \\ d2 

Let 

V8 = B/K 

so 

B = Ky lumen steradian- I feet ­ 2 ) (data) 

and 

VL = 1.436 x 10'--) .-, (calibration). 

And again the gain is adjusted during calibration to make K a multiple of 10 and the voltage output 
can be read directly in luminance units. 

SKY TELEPHOTOMETER 

Unlike the solar transmissometer the sky telephotomer can be calibrated directly because the sky radi­
ance levels to be measured can be easily reached in the laboratory. The procedure, illustrated in the 
sketch below, is to illuminate a plaque of known reflectance with a standard lamp at a known distance and 
aim the telephotometer so its field of view is well within the area of the illuminated plaque. A surface of 
pressed BaSO 4 was used for the reflectance standard and the distances were such that no cosine correc­
tion was necessary. 

BaSO 4 
Standard Baffles i Plaque 

Lamp 

I I/7
 
dL Sky Telephotometer 
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For the red region the expression which relates to the calibration of the sky telephotorneter is-

N(TX) =\(V/Td.) (L 
N(SA 2 	 A) 

where: 

-N(S = 	 Radiance of sky (watts steradian- 1 feet 2 ) within spectral 
function SxTx 

V. = Voltage signal from photometer in response to-sky radiance N(,,Tv
 

VL = Voltage signal from photometer when calibrating with standard lamp
 

IL = Intensity of standard lamp (candelas)
 

dL = Distance of standard lamp from reflectance plaque (feet)
 

R = Reflectance of plaque over spectral region STX 

- = Normalized spectral intensity of lamp.used 
-	 - 1) (watts steradian- ' nanometer ' candela

SxTx = 	Normalized spectral response of instrument including SX = spectral 
response of detector and T\ = spectral transmission of the optical 
system and filters used. 

Computations gave 

- IL (S)LTL ) AX = 0.01134 

and 

0.003610(V-)(--) 

if 

N(sx TA) 

K
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Then 

1 ILR 
VL (3.610'x 107 3) - (calibration)

d2
K 

and 

-N(S.T =LKV (watts steradian' feet 2) (data). 

As with the solar transmissometer the gain is adjusted during calibration to make the constant K a 
multiple of 10 and the voltage output V, can be read directly in absolute radiance units. 

The photopic sky radiance measurement is determined in luminance units. It is not necessary to know 
the spectral distribution of the calibrating source except for computing the color correction factor. The 
relationship which applies to calibration is: 

B= V-)( LR)F,. F2,\vL\ dLI 

where 

-I feet 2)B = Luminance (lumens steradian­

and all other symbols are as previously defined. 

The color correction factor product F1 F2 was determined to be 1.065 and 

B = 0.3390 )Q , R) 

Let 

V= B/K 

then 

VL=(calibration) 
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and 

-B = K\s (lumens steradian- ' feet 2) (data). 

During calibration the gain of the photometer is adjusted to make the constant K an even multiple of 
10 and the data signal V, can be read directly in absolute units. 

IRRADIANCE COLLECTOR 

The cosine collector system, used to obtain irradiance and illuminance data, is calibrated by exposing 
it directly to radiation from a standard source as illustrated below. 

Cosine Collector Optics 
Standard Iand Photometer 

Lamp 

For the irradiance calibration the applicable expression is 

(vlIL) JL(A) 
(SA TA) S3x(xL). 

where 

-H(sA Tv = Irradiance (watts feet 2) within the spectral function SxTX. 

All other symbols are as previously defined. 

The spectral summation for the lamp 2(JL/IL)--,kAx was found to be 0.0110 watts steradian- nano­
-meter-1 candela ' and 

H S- TX = 0.01 
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Let 
H(s. TX) 

V. -K K 

then 

1 I calibration) 

and 

-H(Sx.TX) = KV (watts feet 2 ) (data).s 

For the illuminance (photopic) response calibration, the applicable expression is 

E Vs F2 , 

where 

E = Illuminance (lumens feet - 2 or foot-candles). 

The color correction factor product F1 F2 was found to be 1.06 and 

E = 1.06(Vs)QL.\VL/\d2 

Let 

V = E/K 

then 

VL_ = 1.0 \K ) (calibration) 

and
 

E = KV, (lumens feet 2 ) (data). 
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During calibration the gain is adjusted to make the constant K an even multiple of 10 and the data 
signal V. can be read directly in the units of the function measured. 

LINEARITY 

The photometer was checked on a photometric bar for linearity of response. This was done for all six 
channels. In all cases the linearity was within one resolution element of the readout digital voltmeter 
over the range used during data collection. 

TEMPERATURE STABILITY 

Temperature tests were run on the photometer head over the region from 32 to 110 F. With the photom­
eter spectral sensitivity corrected for photopic response the temperature coefficient is essentially zero. 

With the photometer filtered to respond in the near infrared region an overall drift with temperature of a­
bout 15 percent was found. Addition of a temperature-compensating circuit greatly improved the tempera­
ture stability. This compensation is automatically switched into the circuit whenever the "red" filter is 
used. After the compensating circuit was added, testing showed the drift to be within 1 percent from 50 
to 11OF and to be + 1.3 percent for CRM Serial No. 1 and + 3 percent for CRM Serial No. 2 at 30F. The re­

sults of these tests are shown in Figs. 8 and 9. 

LONG TERM STABILITY 

As an indication of the overall CRM stability,a summary of the calibration history of CRM Serial No.2 

is given in Table 1 below. The calibrations were made through the collection optics of the instrument. 

Sun Disk Sky Irradiance 
Calibration 

Irradiance IlluminanceDate Radiance Luminance Radiance Luminance 
(700 to 1100 nm) (Photopic) (700 to 1100 nm) (Photopic) (700 to 1100 nm) (Photopic) 

20 Aug 69 Initial Calibration 

28 Oct 69 -0.9% -5.5% -0.5% -7.0% 0 0 

21 Jan 70 +0.6% -6.1% +4.8% -11.0% -4.7% -10.0% 

11 May 70 -3.2% 0 -4.2% +9.0% 0 0 

5 Jun 70 +0.6% +4.2% +0.5% +2.0% -1.5% +6.5% 

Net -2.9% -7.4% +0.6% -7.0% - 6.2% -3.5% 
Change
 

Table 1. Percent Change in Calibration for CRM Serial No. 2 
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RADIOMETRIC STANDARDS 

All of the radiometric data are reported in absolute units. The techniques and equipment used for mak­
ing secondary standards and for operating incandescent standard lamps purchased from the Bureau of 
Standards were developed with great care over a period of several years. 

In preparation for building the best possible facility for operating primary standard lamps and making 
secondary standards, an experienced Visibility Laboratory engineer, thoroughly versed in the theory and 
practice of lamp standardization, photometry, and rddiometry, visited the National bureau of Standards in 
Washington, D.C. to observe the equipment and procedures used there. He then visited the corresponding 
government standardizing laboratories of Canada, Great Britain, France, and Germany to learn firsthand 
the techniques employedby those countries as well. The lamp standardization facilities subsequently set 
up at the Visibility Laboratory were based upon all this information. These facilities represent the best 

ones presently achievable for visible spectrum radiometric calibration. 

It is important to note that all radiometric calibrations involved in the measurements were based on 
incandescent standard lamps and attenuations by means of inverse square law techniques involving every 
precaution and refinement. Both CRM models had absolute calibrations at levels within operating range 
and linearity checks at 0.1 log intervals. The reliability of the data is believed to be excellent with re­
spect to both linearity and absolute calibration. 

SPECTRAL CONSIDERATIONS 

Color CorrectionFiltersand Computationof Sx TX Function. The SATA is the relative spectral re­
sponse of the CRM as a function of wavelength (X). The S, is the spectral sensitivity of the silicon de­
tector and TA is the spectral transmission of the optical system and color correction filters used. Many 
combinations of filters were investigated before a final selection was made. For the near infrared region 
aWratten No. 89B filter is used. To obtain a photopic response a Schott No. BG-18 and Wratten Filter No. 
9 are used. The spectral transmission of the filters used on the CRM Serial No. 1 and 2 was measured on 
a Cary model 14 spectrophotometer. The spectral transmissions of the clear plastic used as cover plates 
to mount the color filters and the diffusing plastic used in the irradiance cap were also measured on the 
spectrophotometer. These measurements were combined by multiplication at 10-nanometer intervals and 
the result normalized. For the near infrared region: 

SXTA = Sx(silicon detector) x TA(Wratten 89B filter) x Tx(clear plastic) x TX(diffusing plastic)
 
for the irradiance measurement.
 

For the photopic region: 

STT,\ = Sx(silicon detector) x TX(Wratten No. 9filter) x Tx(Schott BG-18 filter) x Tx(clear plastic) 
x T(diffusing plastic) for the illuminance measurement. 

These measurements and computations were made for each of the six optical system/filter combinations 
used (sun radiance, sky radiance, irradiance, sun luminance, sky luminance, and illuminance) for both CRM 

models used in this project. The spectral response of the two models is so nearly identical that correc­
tion for spectral mismatch between models is not required. Also the spectral effect of the diffusing plas­
tic used for the irradiance and illuminance measurement, although included in the computations, is very 
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subtle. The overall spectral response SkTX is shown in Fig. 10 for the near infrared and in Fig. 11 for 
the visible region. 
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Determinationof Spectral Output of the CalibrationLamp. In order to obtain an absolute calibration 
of the CRM and to compute the color correction factors, it is necessary to know the output of the standard 
source used as a function of wavelength. The section on the calibration of the solar transmissometer ex­
plains in detail how the spectral output of the calibration source is used.. 

The calibration lamps used at the Visibility Laboratory are, in general, standards of luminous intensity 
at a specified color temperature. A method proposed by Barbrow" was used to compute the spectral radi­
ant intensity of the calibration lamp used. This procedure gives the spectral intensity JA in the units 
of watts steradian- ' nanometer ' candela '. It is assumed that the spectral radiant intensity of a black­
body at an absolute temperature equal to the color temperature of the tungsten source will closely approx­
imate the spectral intensity of the tungsten source. Using the blackbody spectral function for the color 
temperature of the lamp is a way of accounting for a tungsten filament not being an ideal blackbody emitter 
and circumvents the need to know the absolute temperature and spectral emissivity of the tungsten 

filament. 

The color temperature of the lamp used is 2854 K. From Table 75 of the Smithsonian Physical Tables 12 , 
the luminous intensity of a blackbody at 550 nanometers and 2854 K is found to be 0.08569 lumens stera­

1 ­dian- 10 nanomete '. The peak luminous efficacy is 680 lumens watt ' and the luminous efficiency at 
550 nanometers is 0.995. The radiant intensity at 550 nanometers is then 

0.08569 
= - 6 - 1J X= SSO) 680x 0.995 126.7 x 10 watts steradian- ' 10 nanometeC' candela . 

The spectral radiant intensities at other wavelengths are then found by using tables of relative spectral 

blackbody functions13 . 

The validity of this computational procedure was verified by comparing the spectral output of the lamp 
used with a calibrated standard of spectral radiance. A spectral radiometer with a dual monochromator 
was used for the intercomparison of the two lamps. The measured values of spectral intensities and the 
computed values agreed within 5 percent over the 350 to 750 nanometer region measurable with the spec­

tral radiometer. 

'Summation Function. From the values computed for the spectral intensity of the lamp, JX/ 1 L watts 
- - - 1steradia 10 nanometer I candela , and the relative spectral response SxkTx of the CRM, the summa­

2tion Y(JL/L)9ITX Ax can be calculated. This summation was calculated to be 0.01134 watts steradian-I 
-candela for the radiance measurements and 0.0110 watts steradian' candela- ' for the irradiance mea­

surements. How these numbers are used is described in the preceding section on calibration. 

Color Correction Factors. If the spectral response of the CRM used to make the radiometric measure­
ments is not identical with the spectral function desired, an error in the measurement will exist. If the 

spectral distribution of the energy in the source being measured and the spectral response of the CRM are 
known, the error caused by this spectral mismatch can be computed. In a similar manner, if there is a 
spectral mismatch, an error will occur during calibration. This source of error is compensated for by ap­
plying color correction factors during calibration as discussed in the section on calibration. The spectral 

data for the sky, the sky plus sun, and the sun which were used to compute these factors were obtained 
from The Science of Color'4 . 
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No correction is required for the radiometricmeasurements in the near infrare d since the spectral re­
sponse of the CRM is taken to be the desired response. The spectral response of the CRM in the visible 
region under sky plus sun illumination is shown in Fig. 11 and the-spectral response of the standard ob­
server (Y) under the same conditions of illumination is shown in Fig. 12. The functions are very similar, 
with the worst mismatch occuring between 425 and 480 nanometers. Color'correction factors (F.) were 
computed and used for the apparent sun luminance measurement (F.= 1.043),'the sky luminance measure­
ment (F, = 1.065), and the illuminance measurement (F = 1.060). 
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Fig. 12. Spectral Response of the Eye (Y) in Sun and Sky Illumination. 
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DATA COLLECTION
 

OPTICAL DATA 

On 30 October 1970 both models of the CRM were set up on the roof of a ,building at the Visibility 
Laboratory to compare readouts under real data-taking conditions. When intercompared, the models were 
essentially alike on all six channels. This indicated that any differences in the readouts should be real 
atmospheric changes and not instrumental. 

A Laboratory request was approved through the Fleet Weather Facility at North Island for personnel of 
the Naval Weather Service Environmental Detachment (NWSED) at San Clemente Island to operate one of 
the CRM models. An operation manual was prepared to assist these personnel in the equipment operation. 
Technicians from the Laboratory delivered the CRM Serial No. 2 and instructed the personnel in its opera­
tion in early November. At the same time these arrangements were made with NWSED, the Laboratory ask­
ed that they obtain data during daylight hours when the skies were mostly clear. This limitation was not 
imposed on the data collection at the Laboratory and data were collected here under partly cloudy and thin 
overcast conditions. It was also requested that they make the time of measurement coincidental with the 
regular meteorological observations, stressing that parallel data were important. Sheets for recording the 
data were provided and mailed to the Laboratory weekly. This was done for several reasons. The Labora­
tory hoped to ascertain how much variance there was in conditions and also to become aware of instrument 
malfunctions so that a Laboratory technician could service the gear. Both the CRM at San Clemente Island 
and the one on the roof at the Visibility Laboratory were set up so that the field of view was free of any 
major obstructions above the horizon. It is particularly important that the location be chosen so that no 
objects such as trees or buildings occlude an appreciable portion of the sky as viewed from the CRM. The 
entire sequence of collecting and recording a data package from power on through the measurements, in­
cluding the positioning of the instrument to make the measurement of the solar disk, takes about 5 
minutes. 
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Data were collected on 64 days at the Visibility Laboratory and portions of 16 days at San Clemente 

Island. These data were collected with various types of air masses such as stable or unstable continen­
tal tropical (superior in the winter), stable or unstable maritime, and transitional air masses which were 
changing either from maritime to continental or from stable to unstable. A total of 615 packages were col-­

lected on the roof of the Visibility Laboratory. On 33 days at least 10 packages were collected throughout 
the day so that data recorded at various sun elevations would be available for studies of diurnal varia­
tions. Some of the rooftop data were collected with the skies partly cloudy or with thin high broken 
clouds. The data collected with clouds are not included in the analyses made for this report. However, 

it is felt that there will be times when a satellitewould be able to see through the thin veil of clouds to 
the surface of the ocean and these data are available for future use. 

Several problems arose in the collection of the optical data. Shortly after the CRM was used at San 

Clemente Island and'the data sheets were returned, it was noted that some of the reports seemed spurious. 
Through telephone conversations with the Island personnel checks were made on whether the CRM was be­
ing used according to instructions in the manual. On the day that contact was made the conditions at San 
Clemente Island were not favorable for data collection, On the next suitable day-for data collection, with 

both CRM models in operation at their respective locations, data were compared and the results again 
seemed to be too unlike to be accounted for by air mass differences, especially since both locations 
were under the influence of maritimeair. Therefore, a technician packed the CRM Serial No. 1 in use at 
the Laboratory and went to San Clemente Island in early January for an instrument exchange and personnel 
retraining. This could not be accomplished earlier because with turnover of personnel at San Clemente 

_Lsland-holidays5 and-generallhpoor-weather, i was not easible. Upon return of the CRM Serial No. 2 to 

the Visibility Laboratory it was recalibrated and no malfunctions could be noted. The CRM was installed 
on the roof of the Visibility Laboratory and data were collected for a few days. When these data were 
used to derive the values for vertical beam transmittance and vertical path radiance, they seemed faulty. 

The .CRM was again taken into the calibration chamber and it was noted that although there was no mal­
function of any of the components there was a spider web in the sunshade. When this web was cleaned 
out the data recorded were once again in the expected region. 

Another problem occurred later when the data for the visible range of the spectrum exceeded the limits 
for vertical beam transmittance. Inspection disclosed that the photopic filter had come apart. A second 
filter was prepared from the same piece of material as the first and the instrument was recalibrated. Dur­

this period the data obtained using the near infrared filter were not in question. 

METEOROLOGICAL DATA 

When data were collected at the Visibility Laboratory careful observations and notations were made of 
sky condition, visibility, wind direction and velocity, temperature, relative humidity, and'any other perti­

nent factors that could be determined such as obstructions to visibility in any direction and the indication 
of whether or not smog was present over the city. While there are frequent occasions when smog is pres­
ent over downtown San Diego it does not usually affect Point Loma where the data were collected. The 
temperature and relative humidity were read from a hygrothermograph installed in a thermoscreen on the 
roof. The wind data were read from dials connected to a wind vane installed 18 feet above the roof in the 
free airflow. 

Radiosonde data were obtained for the ESSA station situated at Montgomery Field which is about S 
miles inland from the ocean and 12 miles NE of the Visibility Laboratory and also for San Nicolas Island 
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50 miles WNW of San Clemente Island. In some cases data were available from soundings taken at the fa­
cilities of the Naval Electronics Laboratory Center on the ocean side of Point Loma. These were for the 
lower levels only and in the three cases which coincided with data collection on the roof there was more 
moisture in the lower levels here than at Montgomery Field. Data were collected from about 30 to 1500 
feet above sea level. 

The air masses were determined according to source region from U. S. Department of Commerce Daily 
Weather Maps. The stability was determined according to the Showalter Stability Index' 5. These indices 
were obtained from the ESSA office at Lindbergh Field. The meteorological conditions at Lindbergh Field 
were compared with those recorded on the rooftop. In many cases it could be seen that the relative humid­
'ities were higher on the roof than at Lindbergh Field. This is not surprising as the peninsula of Point 
Loma is often enveloped in low clouds or fog while the airport and downtown San Diego are only partly 
cloudy. 

At times during late spring and early summer the sun elevation angle was greater than 70 degrees. 
When the CRM was positioned to measure the sky at /3 = 90, the sky telephotometer was recording data at 
less 	than 20 degrees above the horizon and it appeared that the sky was being contaminated by surface 
conditions. In these instances measurements were also taken at fi = 80 and /9 = 70. While these mea­
surements were lower, the calculations for vertical path radiance as computed by the equations described 
earlier were seemingly not affected by the near horizon sky. The plots for path radiance therefore show 
only values for /3= 90 degrees. 

A subcontract was given to Allied Research Asociates to prepare a complete cloud climatology for 
the area off the coast of Southern California. Clear sky amounts versus the probability of achieving that 
coverage.were plotted for each month of the year. The results are contained in the Appendix and include­

(1) 	 Computer listings of the cloud amount and cloud type for San Clemente, San 
Diego, and San Nicolas stations. 

(2) 	 Cumufative probability listings of cloud amount for the three combined 
stations for a 5 year period of overlap. 

(3) 	 Cumulative probability graphs of cloud and cloud-free amount for the three 
combined stations at midmorning and midafternoon. 

(4) 	 Comparisons between satellite-observed and ground-observed cloud cover 
for the Southern California coastal area. 
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DATA ANALYSIS 

Values for vertical beam transmittance and vertical path radiance were derived from the ground-based 
_rneasurementsc-hrough-t h e-retbed s-desoribed-earier-.--e-data-were-sepa-ated-accord ing-to-air-mass-type ­

since previous investigation' 6 had shown that relationships existed. The various air masses that oc­
cured were: 

cTw stable continental tropical 

cTk unstable continental tropical 

mPw stable maritime polar 

mPk -. unstable maritime polar 

cTw -, mPw stable continental tropical changing to stable maritime polar 

mPw . cTw stable maritime polar changing to stable continental tropical 

mPw -. mPk maritime polar changing from stable to unstable 

mPk -. mPw maritime polar changing from unstable to stable. 

The data were also separated so that the clear-day data were plotted as a function of the sun elevation 

angle in order to determine the diurnal variation in the atmospheric conditions. Following examination of 

the daily plots of vertical beam transmittance it was noted that in general the values were lower for higher 

sun elevation. 
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The values available from San Clemente were also examined to determine the amount of change between 
the two locations, The data showed no significant difference. 

Following the diurnal analysis the data were plotted seasonally with the periods defined as follows: 
Fall - September, October, and November; Winter - December, January, and February; Spring - March, 
April, and May; Summer - June. 

Comparisons of the data measured with the photopic filter were made with other data collected in the 
San Diego area to check for consistency, These comparisons showed that the same relationships existed. 
No comparisons could be made with data collected with "red" filters because the filters previously used 

were in the 0.5 to 0.72 micron range while the range of the infrared filter was 0.7 to 1.1 microns. 

VERTICAL BEAM TRANSMITTANCE 

Derived data for vertical beam transmittance as a function of sun elevation angle and the type of air
 
mass are shown by seasons in Figs. 13 through 16.
 

DIURNAL VARIATIONS 

Usually the values for vertical beam transmittance decrease as sun elevation increases. On some 

days the decrease is greater than it is on others. This is true of both the continental and maritime types 

of air mass. 

SEASONAL VARIATIONS 

Examination of the seasonal data shows there is little variation in the air masses between seasons 

except that the transitional air masses have lower values during the spring than at other times. 

In Fig. 13 the data for the fall indicate higher values for the dry continental air mass than for the mari­

time air masses that flow over the Visibility Laboratory from the ocean. This is valid at all sun elevation 

angles. Data were collected for one day with the air mass changing character from continental to mari­

time and these points are interspersed with the stable and unstable maritime air. 

Fall Weather Patterns. September marks the end of the summer season. Stratus clouds form or drift 

in from seaward during the evenings and dissipate in the forenoon. Storm conditions are rare. October 
marks the transition between the summer and winter seasons. 'Outbreaks of polar air from the northwest 
occur more frequently, preceded by short periods of weak frontal activity and followed by several days of 
clear skies and fair weather. Santa Ana winds can occur and when they do the air is continental tropical. 
The clouds are usually associated with weak frontal activity rather than the prevailing morning and even­
ing stratus of the summer season. November is a continuation of the transition between summer and win­

ter. Outbreaks of polar air are more frequent and accompanied by short periods of weak frontal activity. 

Several days of clear skies and fair weather follow the cloudy skies and rain showers associated with 
the fronts. 
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Figure 14 shows the data for the winter season. Unfortunately, because of poorer weather, there are 
fewer points for comparison. There are also some winter season data available for study taken when high 
thin clouds were present but they have not been included in this report because it was felt there should 
be as complete an understanding as possible of the clear day situations before studying the-effects with 
cloud conditions. It is hoped that these data will be utilized since an orbiting spacecraft is often able to 
achieve a signal of the earth even when there is a thin veil of cirrus. The data all appear higher than for 
the other seasons but since there are so few for comparison it is not possible to determine the real cause 
for this departure. 

Winter Weather Patterns. December is the beginning of the winter season and is usually character­
ized by relatively longer periods of good weather. There are occasional periods of fog and stratus and 
more frequent cold frontal passages. Santa Ana winds are more frequent and bring continental air masses. 
January and February are quite similar to one another. There are normally frequent frontal passages oc­

curring on an average of every 7 to 10 days. This is the period of the greatest rainfall for the San Diego 
area. 

The data for spring are shown in Fig. 15. Like the data collected in the fall, the spring values are 
higher for the continental air mass than for the maritime or for the transitional air masses. The transi­
tional air masses again are interspersed with the stable maritime data. 

Spring Weather Patterns. March marks the beginning of the transition from winter. Frontal passages 
decrease and Santa Ana conditions are less frequent. In April frontal passages are almost nonexistent. 
There is an increase in fog and'low stratus conditions along the coast. During May the fog is infrequent 
but haze is the main obstruction to visibility. Frontal passages are both rare and weak and rainfall is at 
a minimum. Low stratus clouds are on the increase and sometimes last throughout the day although they 
usually dissipate shortly after sunrise. 

Summer data were collected only during June in 1970. Data had been collected in August of 1969 but 
those data are not included in the analysis because the period occurred during the construction and check­
out of the CRM models and before their final calibrations and twinning. 

Sumamer Patterns. June in this area has the stratus regime well established and there are frequent 
coastal clouds. Data were collected whenever possible'after the stratus had burned off. No data were 
obtained from San Clemente Island. It is evident from Fig. 16 that all of the data were collected with 
maritime air masses and that they show little differences. 

VERTICAL PATH RADIANCE (See Figs. 17 through 20.) 

These data have also been examined by seasons. It is difficult to find a real separation by air mass 
in the collected data. There were fewer comparisons that could be made with data collected on previous 
experiments as this kind of data was not always part of the data collection sequence. In order to form 
better conclusions it is necessary that more data of this type be acquired. One result does seem evident 
however. During the spring (Fig. 19) the values of vertical path radiance are greater than they are for the 
fall period (Fig. 17) in both the continental and maritime air mass type. But there is a smaller range of 
values for the continental air mass because the maritime air was more prevalent. 

41 



1.0 1.0 

.9 .9 

0 

.8 0 48 - - _ - -

A o 0 -

O0 oA 0 0 

7 00 .7 

< .6 - .6 
I- I-

C C 

I- -

C C 
.4 .4 

>z 

,-iw -,.-m-jO~ 

omPk - mPw mPk -,mPw 

0o mPk 

RED SENSITIVITY RED SENSITIVITY 
.1
.2 

SPRING 
MARCH- MAY - 1- -

.1
021-

ST.UMMER 
JUNE 

0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 9D 

SUN ELEVATION (DEGREES) SUN ELEVATION (DEGREES) 

Fig. 15 Fig. 16 

42 



10 10 

Z7~o 

o mPw 
. cTw 
A CTW -mpwom~w -h-m­mPk 

o "0 

-J<, 
-

--
-

AMA 

i-i­ o 
6 

A 

00 

oi 
o 

F A LL-

to 
.uw 

C-

AA 

-

o 

- . - -rn -

RED SENSITIVITY 

SEPTEMBER- NOVEMBERFALI 
-.. - 0 mpA mPw -A-~ 

.mw-i 
cTwm.. 

-
.,01 

RED SENSITIVITY 
WINTER 

DECEMBER- FEBRUARY 

0 10 20 30 40 50 60 

SUN ELEVATION (DEGREES) 

70 80 90 0 10 20 30 40 50 60 

SUN ELEVATION (DEGREES) 

70 80 90 

Fig. 17 Fig. 18 

43 



10- 1.0­

lii I 

Li 0 

'C 

C 

A,-,08 

A 

0 

0 

-o 

0o 

0000 
CPO 

0#0 

00 0 

C -
o 0 0 

o oi 
o 

om k 

A mHw 

*- mC0-m 

* mk 

ko 

--

-- mp 

~ 
mI 

- -

SPRING 
MARCH - MAY 

-RED SENSITIVITY 

SUMMER 
JUNE 

.01 
0 

ItI 
10 

---
20 30 

44N E 

• 
40 50 60 70 

EVATION(EETIVITY 

80 90 
. 01-1-50 

0 10 20 30 40 50 60 70 80 90 

Fig.19F 
i .2 

44 



CONCLUSIONS 

The principal effect of the atmosphere upon remote sensing by visible light results from the scattering 
of the sunlight and the skylight upwards toward the orbiting spacecraft. Path radiance depends upon both 
the optical state of the atmosphere and upon the nature of the lighting on the path by the sun, the sky, and 
the ground. It adds to whatever image-forming light from the ground reaches the spacecraft. Thus, it veils 
the image by reducing its apparent'contrast. Knowledge of path radiance is a critical requirement for the 
design of remote sensors. 

Beam transmittance is a property of the atmosphere but not of its lighting. The beam transmittance of 
the path of sight is that fraction of the image-forming light which reaches the remote sensor without hay' 
ing experienced disruptive scattering. Knowledge of beam transmittance is an important requirement for 
the design of visible remote sensors. 

A remote sensor sees the apparent radiance of the sea which contains the space-averaged radiance of 
the surface of the 'sea plus the path radiance due to sunlight and skylight scattered toward the satellite 
by the atmosphere throughout the path of sight. Another component arises from the daylight which has 
penetrated into the depths of the sea and has been redirected upward by the scattering processes within 
the water. Fortunately, this scattered component can be eliminated completely-if the satellite makes its 
observations in the terms of red or infrared light. At these wavelengths the water molecule absorbs very 
strongly. Thus, the component of the daylight which enters the ocean is absorbed so completely that no 
appreciable amount of it is scattered upward toward the satellite. 

There is very little difference in the data collected at San Clemente Island and San Diego, which indi­
cates that at least this 80-mile portion of the ocean has homogeneous atmospheric characteristics. Fur­
ther data collection is necessary to determine the area limitations on the air mass distributions. It is 
difficult to generalize the results concerning vertical path radiance from this sample; more data of this 
kind are also needed. The analysis of the vertical beam transmittance data does show higher values for 
the continental air mass throughout all the seasons. In addition there is a diurnal variation in that the 
values for the vertical beam transmittance are usually lower as the sun elevation increases.- This is true 
for all seasons although at times it is less marked than at others. 

45 



SUGGESTIONS
 

This study was the initial effort in an anticipated long range project. A major portion of the contract 
period was spent in building and testing the CRM models. This allowed only restricted exploration of 
some aspects of the atmospheric limitations on remote sensing of sea state roughness from aircraft and 
orbital spacecraft. Building a data bank requires a great deal more time. 

It is suggested that future efforts include the following. 

(1) Continue to explore the relationships between the significant optical properties of the atmosphere 
and measurable meteorological characteristics by means of the same kinds of techniques now employed: 

(a) 	 using the same geographic area between San Diego and San Clemente but extending 
it north and west as understanding of the pertinent properties of the region increases; 

(b) 	 using the same near infrared CRM's to continue data collection in the 0.7 to 1.1 micron 
range but extending the study to include the near ultraviolet and visible spectral re­
gions by building and using two more CRM's adapted to these regions; three of the 
narrow-band sensitivities in the visible region should match the three sensitivities 

of the sensors carried by the C-130 research aircraft; 

(c) 	 expanding the data base by acquiring a satellite readout receiver so that APT
 
satellite pictures of the research area can be studied in real time.
 

(2) Initiate a study to determine the areas or regions of the oceans where further investigations like 
the present one should be made and prepare recommendations for obtaining such information during GARP 
(when a unique set of meteorological data will be available) by means of CRM's on small islands or on 
ships (oceanographic, weather, Navy, etc.) if a suitable, inexpensive, reliable CRM for general shipboard 
use can be designed; because GARP begins in 1973 the development of a shipboard CRM should be initiated 

in 1970. 

(3) Continue to test the fidelity of atmospheric computer models, including reduction and study of 
C-130 data during the planned combination balloon and aircraft flights at Holloman Air Force Base during 
the summer of 1970. 
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THE APPENDIX
 

The appendix presents the results of a study prepared by Allied Research Associates, Inc. under a 
subcontract. It includes: 

1. Computer listings of cloud amount and cloud type for the San Clemente, San Diego, and San Nic­
olas Stations. These list ug-e pted-fom-the-WEAN- OB-data-4as-using-a-eorputer-program­
veloped for this purpose by Allied. The record length is 10 years for each station although the specific 
time intervals are staggered. Cloud amount (in tenths) is presented at 3-hour intervals throughout a 24­
hour day for 12 months of the year. For each Local Standard Time (LST) both the actual numberof observa­
tions (first row of output) and the equivalent percentages (second row of output) are provided. 

The cloud-type data for the same stations and the same time periods are presented for the daylight 
-hours only (0700, 1000, 1300, 1600, and 1900 hours LST). The data are stratified into six basic categories 
including clear skies (no cloud), fog, low, middle and high clouds, and vertical cloud structures. Insofar 
as the primary goal is to determine the ability of a satellite camera to have a clear line of sight to the 
surface, the low, middle, and high cloudiness categories are further stratified by their broken or overcast 
characteristics. Specifically, the 1.1 "cloud-type" categories are as follows: 

Type Includes 

0 Clear skies (no cloud) 

1 Fog 
2 Nimbostratus (low, thick overcast) 
3 Stratus and Fractostratus (low overcast) 
4 Stratocumulus and Fractocumulus (low, overcast/broken) 
5 Cumulus (low broken) 
6 Altostratus (middle overcast) 
7 Altocumulus and Altocumulus Castellanus (middle broken) 
8 Cirrostratus (high overcast) 
9 Cirrus (high broken) 

10 Cumulonimbus and Cumulonimbus Mamma (vertical) 
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Again both the actual number of observations and the percentages are shown. In this case, however, it 

is the percentage of times that the particular cloud type was observed (at that station, for that month, at 
that time of day). Because two or more cloud types are often present at one time, the percentages in these 
tabulations do not total 100. 

2. Cumulative probability listings of cloud amount for the three combined stations (San Clemente, 
San Diego, and San Nicolas) for a 5-year period (January 1961 through December 1965). A shorter time 
base is used in these compilations because less than 6 years of overlapping data were available for the 

three stations selected. The cumulative probability listings were derived for the daylight hours only and 
indicate the probability of observing cloudiness equal to or less than the specified amount. For example, 
in the month of March at 1600 LST in the afternoon, the probability that the cloud cover is 20 percent or 
less (equal to the probability that the sky will be 80 percent or more cloud-free) is 37 percent. In all 
cases, due to a lack of observations, the data base for the 0700 and 1900 listings is 25 and 50 percent 
less than that for the 1000, 1300, and 1600 listings. 

3. Cumulative probability graphs of cloud (and cloud-free) amount for the three combined stations at 
midmorning (1000) and midafternoon (1600). These graphs were prepared from the cumulative listings de­
scribed above and are drawn for 12 months of the year. Looking at the graph for March it can be seen that 
the probability of the skies b6ing 80 percent or more cloud-free increases from 32 percent to 37 percent 
between 1000 and 1600 LST. The magnitude of this diurnal change increases with the coming of the sum­

mer months. 

4. Comparisons between satellite-observed and ground-observed cloud cover for the southern Cal­

ifornia coastal area. 
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SAN CLEMENTE ISLANC, CAL IFCNIA STAS3117 

JANUARY PERIOD 4/60 THRU 3/69 

TOTAL CLCUO AVCUUT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 62 2 11 16 8 3 4 6 7 4 42 165.0 

3T.6 1.2 6.7 9.7 4.8 1.8 2.4 3.6 4.2 2.4 25.5 

4 64 9 10 7 6 5 4 8 7 1 46 167.0 
38.3 5.4 6.0 4.2 3.6 3.0 2.4 4.8 4.2 0.6 27.5 

7 62 14 16 14 19 10 13 14 15 10 73 260.0 

23.8 5.4 6.2 5.4 7.3 3.8 5.0 5.4 5.8 3.8 28.1 

IG 66 17 12 14 11 12 18 19 12 27 62 270.0 
24.4 6.3 4.4 5.2 4.1 4.4 6.7 7.0 4.4 10.0 23.0 

13 67 17 15 9 11 23 10 11 20 19 58 260.0 
25.8 6.5 5.8 3.5 4.2 E.8 3.8 4.2 7.7 7.3 22.3 

16 66 10 13 13 18 16 17 16 14 22 64 269.0 
24.5 3.7 4.8 4.8 6.7 5.9 6.3 5.9 5.2 8.2 23.8 

19 40 12 7 15 10 11 7 9 14 4 41 170.C 
23.5 7.1 4.1 8.8 5.9 6.5 4.1 5.3 8.2 2.4 24.1 

22 55 11 12 11 9 7 8 3 5 9 39 169.0 
32.5 6.5 7.1 6.5 5.3 4.1. 4.7 18~l~ ~ 

SAN CLEMENTE ISLAND, CALIFCRNIA STA53117 

JANUARY PERIOD 4/60 THRU 3/69 

CLEUD TYPE 

(CLEAR) (FCG) (Lw CLCut) (0,1DLECLCUD) (HIGH CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 62 26 3 40 70 20 3 28 11 67 0 

23.8 10.0 1.2 15.4 26.9 7.7 1.2 10.8 4,.2 25.8 0.C 

10 66 22 2 38 80 25 4 34 12 70 1 
24.4 , 8.1 0.7 14.1 29.6 9.3 1.5 12.6 4.4 25.9 0.4 

13 67 12 1 33 83 26 4 21 15 76 1 
25.8 4.6 0.4 12.7 31.9 10.0 1.5 10.4 5.8 29.2 0.4 

16 66 18 1 33 72 26 2 34 21 78 1 
24.5 6.7 0.4 12.3 26.8 9.7 0.7 12.6 7.8 29.0 0.4 

19 40 14 0 30 41 11 1 18 11 4A 0 
23.5 8.2 C.O 17.6 24.1 6.5 0.6 10.6 6.5 28.8 (.c 
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SAN CLEMENTE ISLAND, CALIFORNIA STA93117
 

FEBRUARY PERIOD 4/60 THRL 3/69 

TOTAL CLOLD APCUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 73 5 8 14 6 5 5 7 8 3 36 170.0 

42.9 2.' 4.7 8.2 3.5 2.9 2.9 4.1 4.7 1.8 21.2 

4 67 6 4 13 8 6 6 11 4 6 39 170.0 

39.4 3.5 2.4 7.6 4.7 3.5 3.5 6.5 2.4 3.5 22.9 

7 52 14 11 10 12 10 14 14 21 19 69 246.0 
21.1 5.7 4.5 4.1 4.9 4.1 5.7 5.T 8.5 7.7 28.0 

10 53 13 11 7 16 17 6 17 19 26 69 254.0 
20.9 5.1 4.3 2.8 6.3 6.7 2.4 6.7 7.5 10.2 27.2 

13 55 11 15 16 7 14 9 17 16 18 68 246.0 

22.4 4.5 6.1 6.5 2.8 5.7 3.7 6.9 6.5 7.3 27.6 

16 61 17 11 12 11 14 9 11 20 23 65 254.0 
24.0 6.7 4.3 4.7 4.3 5.5 3.5 4.3 7.9 9.1 25.6 

19 48 12 6 11 7 12 9 14 15 3 33 170.0 

28.2 7.1 3.5 6.5 4.1 7.1 5.3 8.2 8.8 1.8 19.4 

22 61 12 8 13 11 9 3 13 8 4 28 170.0 
35.9 7.1 4.7 7.6 6.5 5.31 1.8 7.6 4.7 2.4 16.5 

SAN CLEMENTE ISLAND, CALIFCRNIA STAS3117 

FEBRUARY PERIOD 4160 THRU 3f69 

CLOUD TYPE 

(CLEAR) (FOG) (LON CLCUD) (FIDDLE CLCUD) (SIGk CLOUC) (VERTICAL) 

UST 0 1 2 3 4 5 6 7 8 9 10 

7 52 27 0 41 81 32 2 28 13 56 1 
21.1 11.0 C.O 16.7 32.9 13.0 0.8 11.4 5.3 22.8 0.4 

10 53 20 0 37 74 40 3 36 17 66 2 
20.9 7.9 0.0 14.6 29.1 15.7 l.Z 14.2 6.7 26.0 0.8 

13 55 12 0 36 65 47 2 28 15 73 2 

22.4 4.9 0.0 14.6 26.4 19.1 0.8 11.4 6.1 29.7 0.8 

16 61 19 0 30 59 42 3 36 13 78 3 
24.0 7.5 0.0 11.8 23.2 16.5 1.2 14.2 5.1 30.7 1.2 

19 48 13 0 26 40 10 2 26 8 51 1 
28.2 7.6 0.0 15.3 23.5 5.9 1.2 15.3 4.7 30.0 0.6 
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SAN CLEMENTE ISLAND, CALIFORNIA STA93117 

MARCH PERIOD 4/60 THRU 3169 

TOTAL CLOUD AMOUNT (TENTHS) 

LST a 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 63 4 12 8 7 7 4 10 12 5 54 186.0 
33.9 2.2 6.5 4.3 3.8 3.8 2.2 5.4 6.5 2.? 29.0 

4 59 4' 7 11 5 9 5 10 9 11 56 186.0 

31.7 2.2 3.8 5.9 2.7 4.8 2.7 5.4 4.8 5.9 30.1 

7 40 12 13 19 10 11 15 25 21 19 85 270.0 
14.8 4.4 4.8 7.0 3.7 4.1 5.6 9.3 7.8 7.0 31.5 

10 42 20 13 17 10 10 12 23 24 29 79 279.0 
15.1 7.2 4.7 6.1 3.6 3.6 4.3 8.2 8.6 10.4 28.3 

13 54 20 17 8 14 14 22 21 20 16 65 271.0 
19.9 7.4 6.3 3.0 5.2 5.2 8.1 7.7 7.4 5.9 24.0 

16 59 12 14 16 16 21 7 15 28 27 64 279.0 
21.1 4.3 5.0 5.7 5.7 7.5 2.5 5.4 10.0 9.7 22.9 

19 41 13 9 13 6 13 8 15 24 11 45 L98.0 
20.7 6.6 4.5 6.6 3.0 6.6 4.0 7.6 12.1 5.6 22.7 

0 '-4-------1-2---5 8 v 11 18 5" 44 198.0 
32.3 4.C 7.1 6.1 2.5 4.0 4.5 5.6 9.1 2.5 22.2 

SAN CLEMENTE ISLAND, CALIFORNIA STAS3117 

MARCH PERIOD 4/60 THRU 3/69 

CLOUD TYPE 

(CLEAR) (FOG) (LO% CLOUD) (MIDDLE CLCUD) tHIGH CLOUD) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 40 14 3 53 104 53 3 32 7 72 0 
14.8 5.2 1.1 19.6 38.5 19.6 1.1 11.9 2.6 26.7 0.0 

10 42 11 0 49 104 66 3 34 15 61 1 
15.1 3.9 0.0 17.6 37.3 23.7 1.1 12.2 5.4 21.9 0.4 

13 54 9 0 33 90 69 5 24 13 70 1 
19.9 3.3 0.0 12.2 33.2 25.5 1.8 8.9 4.8 25.8 0.4 

16 59 11 0 34 77 54 6 24 16 78 2 
21.1 3.9 0.0 12.2 27.6 19.4 2.2 8.6 5.7 28.0 0.7 

19 41 7 0 36 58 30 3 28 9 58 0 
20.7 3.5 0.0 18.2 29.3 15.2 1.5 14.1 4.5 29.3 0.0 
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SAN CLEMENTE ISLAND, CALIFCRNIA STAS312 7 

APRIL PERIOD 4/60 THRU 3/69 

TOTAL CLCUD AFCUNT (TENTHS) 

LST c 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 59 6 7 10 4 7 3 5 10 9 54 174.0 

33.9 3.4 4.0 5.7 2.3 4.G 1.7 2.9 5.7 5.2 31.0 

4 47 7 9 8 i0 9 5 7 7 7 58 174.0 

27.C 4.c 5.2 4.6 5.7 5.2 2.9 4.0 4.0 4.0 33.3 

7 46 13 11 14 12 8 12 17 19 28 80 260.0 
17.7 5.0 4.2 5.4 4.6 3.1 4.6 6.5 7.3 10.8 30.8 

10 53 14 15 14 11 8 14 25 25 17 74 270.0 

19.6 5.2 5.6 5.2 4.1 3.0 5.2 9.3 9.3 6.3 27.4 

13 67 19 17 14 9 12 15 19 16 17 55 260.0 

25.8 7.3 6.5 5.4 3.5 4.6 5.8 7.3 6.2 6.5 21.2 

16 73 22 14 16 15 9 8 15 16 21 59 262.0 
27.2 8.2 5.2 6.0 5.6 3.4 3.0 5.6 6.0 7.8 22.L 

19 46 14 11 10 10 4 6 6 16 9 48 180.0 
25.6 7.8 6.1 5.6 5.6 2.2 3.3 3.3 8.9 5.0 26.7 

22 69 11 5 15 5 7 5 10 6 3 45 181. 

38.1 6.1 2.8 8.3 2.8 3.9 2.8 5.5 3.3 1.7 24.9 

SAN CLEMENTE ISLAND, CALIFCRNIA STA93117 

APRIL PERIOD 4/60 THRU 3/69 

CLOUD TYPE 

ICLEAR) (FC8) (LOW CLCUD) EMIDOLE CLCUD) (EIG CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 46 
17.7 

22 
8.5 

0 
0.0 

49 
18.8 

106 
40.8 

53 
20.4 

2 
0.8 

21 
8.1 

9 
3.5 

37 
14.2 

2 
0.8 

10 53 
19.6 

16 
5.9 

0 
0.0 

40 
14.8 

106 
39.3 

63 
23.3 

5 
1.9 

29 
10.7 

8 
3.o 

49 
18.1 

2 
0.7 

13 67 
25.8 

14 
5.4 

0 
n.o 

43 
16.5 

86 
33.1 

55 
21.2 

2 
0.8 

21 
8.1 

11 
4.2 

57 
21.9 

3 
1.2 

16 73 
27.2 

14 
5.2 

0 
C.0 

46 
17.2 

82 
30.6 

51 
19.0 

3 
1.1 

22 
8.2 

I0 
3.7 

53 
19.8 

2 
0.7 

19 46 
25.6 

5 
2.8 

0 
G.0 

29 
16.1 

55 
30.6 

31 
17.2 

3 
1.7 

12 
6.7 

6 
3.3 

39 
21.7 

2 
1.1 

53 



SAN CLEMENTE ISLAND, CALIFCRNIA STAS3117 

MAY PERIOD 4f60 THRU 3/69 

TOTAL CLCUD AMOUNT (TENTHS) 

LST 0 I 2 3 4 5 6 7 8 9 10 TOTAL 

1 30 3 3 8 10 9 4 5 11 4 99 186.0 
16.1 1.6 1.6 4.3 5.4 4.8 2.2 2.7 5.9 2.2 53.2 

4 25 2 7 9 7 4 7 4 10 7 104 186.0 
13.4 1.1 3.8 4.8 3.8 2.2 3.8 2.2 5.4 3.8 55.9 

7 36 E I0 8 11 ii 7 13 17 15 135 271.0 
13.3 3.0 3.7 3.0 4.1 4.1 2.6 4.8 6.3 5.5 49.8 

10 35 16 13 16 5 16 11 13 18 21 107 271.0 
12.9 5.9 4.8 5.9 1.8 5.9 4.1 4.8 6.6 7.7 39.5 

13 51 12 12 16 11 17 11 18 27 i 78 271.0 
18.8 4.4 4.4 5.9 4.1 6.3 4.1 6.6 10.0 6.6 28.8 

16 48 9 7 6 6 12 14 12 13 18 72 217.0 
22.1 4.1 3.2 2.8 2.8 5.5 6.5 5.5 6.C 8.3 33.2 

19 29 8 9 7 5 8 9 8 11 11 81 186.0 
15.6 4.3 4.8 3.8 2.7 4.3 4.8 4.3 5.9 5.5 43.5 

22 35 
18.8 

1 
0.5 

A 
3.2 

6 
3.2 

12 
6.5 

7 
3.8 

6 
2.2 

9 
4.8 

1 
7.0 

-g-90--
1.6 48.4 

1-"8t G 

SAN CLEMENTE ISLAND, CALIFCRNIA STA93I7 

MAY PERIOD 4/60 THRU 3/69 

CLEUD TYPE 

(CLEAR) (FOG) (LOW CLOUD) (PIDDLE CLOUD) ( IGH CLOUD) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 36 11 0 88 132 26 0 16 7 19 0 

13.3 4.1 O.C 32.5 48.7 9.6 0.0 5.9 2.6 7.0 0.0 

10 35 8 0 76 144 34 1 16 12 18 0 
12.9 3.0 0.0 28.0 53.1 12.5 0.4 5.9 4.4 6.6 0.0 

13 51 5 0 68 130 34 0 14 10 36 1 
18.8 1.8 0.0 25.1 48.0 12.5 0.0 5.2 3.7 13.3 0.4 

16 48 2 0 54 101 24' 3 11 9 34 0 

22.1 0.9 0.0 24.9 46.5 11.1 1.4 5.1 4.1 15.7 O.6 

19 29 
15.6 

7 
3.E 

0 
0.0 

51 
27.4 

90 
48.4 

14 
7.5 

1 
0.5 

13 
7.D 

3 
1.6 

31 
16.7 

1 
0.5 
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SAN CLEMENTE ISLAND, CALIFORNIA STAS3117 

JUNE PERIOD 4/60 THRU 3/69 

TOTAL CLOUD ANCUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 % 10 TOTAL 

1 21 1 3 11 1 1 4 7 9 3 119 180.0 
11.7 C.6 1.7 6.1 0.6 0.6 2.2 3.9 5.0 1.7 66.1 

4 11 6 4 1 2 2 5 7 9 8 125 180.0 
6.1 3.3 2.2 0.6 1.1 1.1 2.8 3.9 5.0 4.4 69.4 

7 13 4 3 5 1 2 6 5 15 14 194 262.0 
5.7 1.5 1.1 1.9 0.4 0.8 2.3 1.9 5.7 5.3 74.0 

I0 23 3 7 3 4 15 7 15 13 11 162 263.0 
8.7 1.1 2.7 1.1 1.5 5.7 2.7 5.7 4.9 4.2 61.6 

13 33 10 6 11 9 9 11 16 28 20 I9 262.0 
12.6 3.E 2.3 4.2 3.4 3.4 4.2 6.1 10.7 7.6 41.6 

16 34 8 8 4 3 6 8 17 20 24 79 211.0 
16.1 3.e 3.8 1.9 1.4 2.8 3.8 8.1 9.5 11.4 37.4 

19 19 10 10 1 9 4 8 7 10 I 88 180.0 
10.6 5.6 5.6 0.6 5.0 2.2 4.4 3.9 5.6 7.8 48.9 

22 22 7 5 6 4 5 5 9 10 6 101 180.0 
12.2 3.9 2.8 3.3 2.2 2.8 2.8 5.0 5.6 3.3 56.1 

SAN CLEMENTE ISLAND, CALIFCRNIA STA93117 

JUNE PERIOD 4/60 THRU 3/69 

CLOUD TYPE 

(CLEAR) (FCCG (LOW CLOUD) (OICOLE CLCUD) (FIGH CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 13 31 0 109 133 9 0 4 0 4 0 
5.0 11.8 0.0 41.6 50.8 3.4 0.0 1.5 0.0 1.5 C.0 

10 23 17 0 108 146 15 0 5 0 6 0 
8.7 4.5 0.0 41.1 55.5 5.7 0.0 1.9 0.0 2.3 0.0 

13 33 10 0 87 152 19 1 5 2 13 C 
12.6 3.6 0.0 33.2 58.0 7.3 0.4 1.9 0.8 5.0 0.0 

16 34 3 0 86 101 14 0 2 1 9 G 
16.1 1.4 C.0 40.8 47.9 6.6 0.0 0.9 0.5 4.3 0.0 

19 19 7 0 92 72 12 0 7 2 6 0 
10.6 3.9 0.0 51.1 40.0 6.7 0.0 3.9 1.1 3.3 0.0 
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SAN CLEMENT" ISLANO, CALIFORNIA STA931i 

JULY PERIOD 4/60 THRU 3/6S 

TOTAL CLOUD APCUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 16 5 6 4 8 2 9 9 9 11 107 186.0 
8.6 2.7 3.2 '2.2 4.3 1.1 4.8 4.8 4.8 5.9 57.5 

4 7 3 2 3 4 4 4 5 18 9 127 186.0 
3.8 1.6 1.1 1.6 2.2 2.2 2.2 2.7 9.7 4.6 68.3 

7 12 1 4 4 2 7 4 6 16 24 189 269.0 
4.5 O.4 1.5 1.5 0.7 2.6 1.5 2.2 5.9 8.9 70.3 

10 17 6 4 10 14 18 8 18 29 36 115 275.0 
6.2 2.2 1.5 3.6 5.1 6.5 2.9 6.5 10.5 13.1 41.8 

13 32 11 16 10 20 26 15 28 34 21 56 269.0 
11.9 4.1 5.9 3.7 7.4 S.7 5.6 10.4 12.6 7.8 20.8 

16 30 8 1 11 9 20 9 24 26 26 59 223.0 
13.5 3.6 0.4 4.9 4.0 9.0 4.0 10.8 11.7 11.7 26.5 

19 18 4 1 6 0 12 5 9 21 18 92 186.( 
9.7 2.2 0.5 3.2 0.0 6.5 2.7 4.8 11.3 9.7 49.5 

22 22 59 , 3-3- 1t' tt-tS6 Wl 
11.8 2.7 3.2 4.8 4.8 3.8 1.6 1.6 9.1 9.7 46.8 

SAN CLEMENTE ISLAND, CALICRNIA STA93117 

JULY PERIOD 4/60 THRU 3/69 

CLCUD TYPE 

(CLEAR) (FEG) ILOh CLCUC) (MIDDLE CLCUD) (FIGH CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 12 27 0 156 90 3 1 22 1 11 0 
4.5 10.0 0.0 58.0 33.5 1.1 0.4 8.2 0.4 4.1 0.0 

10 17 12 0 148 111 0 0 26 1 22 0 
6.2 4.4 0.0 53.8 40.4 0.0 0.0 9.5 0.4 8.0 0.0 

13 32 7 0 132 96 1 0 21 6 28 2 
11.q 2.6 0.0 49.1 35.7 0.4 0.0 7.8 2.2 10.4 0.7 

16 30 3 0 134 57 0 0 18 4 23 0 
13.5 1.3 0.0 60.1 25.6 0.0 0.0 8.1 1.8 10.3 0.0 

19 18 9 0 133 29 0 1 14 2 14 0 
9.7 4.e 0.0 71.5 15.6 0.0 0.5 7.5 1.1 7.5 0.0 
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SAN CLEMENTE ISLAND, CALIFORNIA STA43117 

AUGUST PERICD 4/60 THRL 3/69 

TOTAL CLCUD ANCLNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 it) TOTAL 

1 21 4 6 5 6 8 2 9 13 S 103 186.0 
11.3 2.2 3.2 2.7 3.2 4.3 1.1 4.8 7.0 4.8 55.4 

4 15 2 Ic 4 5 2 8 4 14 8 114 186.0 
8.1 1.1 5.4 2.2 2.7 1.1 4.3 2.2 7.5 4.3 61.3 

7 17 7 4 4 5 3 5 14 17 34 161 271.0 
6.3 2.6 1.5 1.5 1.8 1.1 1.8 5.2 6.3 12.5 59.4 

In 15 6 15 17 15 9 15 15 25 33 105 270.0 
5.6 2.2 5.6 6.3 5.6 3.3 5.6 5.6 9.3 12.2 38.9 

13 37 21 12 16 31 18 20 30 22 22 42 271.0 
13.7 7.7 4.4 5.9 11.4 6.6 7.4 11.1 8.1 8.1 15.5 

16 25 13 14 8 10 15 15 24 23 21 49 217.0 
11.5 6.C 6.5 3.7 4.6 6.9 6.9 11.1 10.6 9.7 22.6 

19 18 5 12 10 8 7 9 7 16 11 83 186.0 
9.7 2.7 6.5 5.4 4.3 3.8 4.8 3.8 8.6 5.9 44.6 

22 22 3 9 10 9 5 4 9 18 12 85 186.0 
11.8 1.6 4.8 5.4 4.8 2.7 2.2 4.8 9.7 6.5 45.7 

SAN CLEMENTE ISLAND, CALIFCRNIA STAS3117 

AUGUST PERIOC 4/6C THR 3/69 

CLOUD TYPE 

(CLEAR) (FOG) (LO CLCUDI (FIDDLE CLCUD) (FIGH CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 17 26 0 158 81 0 0 25 0 12 0 
6.3 9.6 O.0 58.3 29.9 G.! Ox. 9.2 O.' 4.4 0.0 

10 15 ia c 159 99 1 0 32 1 16 0 

5.6 ?.7 C.C 58.9 36.7 0.4 0.0 11.9 0.4 5.9 0.Q 

13 37 5 0 143 80 9 0 26 1 27 0 
13.7 1.8 0.0 52.8 29.5 3.3 0.0 9.6 0.4 10.0 0.0 

16 25 1 0 136 49 5 0 21 0 15 1 
11.5 0.5 D.( 62.7 22.6 2.3 0.0 9.7 0.0 6.9 C.5 

19 18 7 0 119 36 3 0 20 C 11 C 
9.7 3.8 0.0 64.0 19.4 1.6 0.0 10.8 0.0 5.9 O.0 
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SAN CLEMENTE ISLAND, CALIFORN'IA STAg3117 

SEPTEMBER PERIOD 4/60 THRU 3/69 

TOTAL CLOUD APCUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 50 5 6 11 4 1 1 9 12 6 75 18.0 

27.8 2.8 3.3 6.1 2.2 0.6 0.6 5.0 6.7 3.3 41.7 

4 49 1 5 4 6 3 8 T 9 7 82 181.0 

27.1 O.k 2.8 2.2 3.3 1.7 4.4 3.9 5.0 3.9 45.3 

7 38 12 5 9 4 5 12 8 29 13 130 265.'. 

14.3 4.5 1.9 3.4 1.5 1.9 4.5 3.0 10.9 4.9 49.1 

10 45 
16.9 

s 
3.4 

14 
5.2 

16 
6.0 

8 
3.0 

9 
3.4 

10 
3.7 

15 
5.6 

26 
9.7 

17 
6.4 

98 
36.7 

267. 

13 65 17 13 16 18 15 8 21 17 16 54 260.0 

25.0 6.5 5.0 6.2 6.9 5.8 3.1 8.1 6.5 6.2 20.8 

16 58 19 13 10 8 5 12 10 19 14 50 218.0 

26.6 8.7 6.0 4.6 3.7 2.3 5.5 4.6 8.7 6.4 Z2.9 

19 45 6 10 8 9 10 4 8 10 12 58 180.0 

25.0 3.3 5.6 4.4 5.0 5.6 2.2 4.4 5.6 6.7 32.2 

22 55 5 5 7 9 6 1 A i0 1 " 3 
r-- .308 2.8 3.9 5.0 3.3 0.6 4.4 5.6 6.1 35.0 

SAN CLEMENTE ISLAND, CALIFORNIA STA93117 

SEPTEMBER PERIOD 4/60 THRU 3/69 

CLOUD TYPE 

(CLEAR) tFOG) (LO CLCUD) (PIDDLE CLOUD) (-iGh CLOUC) (VERTICAL) 

LST 0 1 2 3. 4 5 6 7 8 9 10 

7 38 12 1 118 96 14 0 17 0 15 0 

14.3 4.5 0.4 44.5 36.2 5.3 0.0 6.4 0.0 5.7 C.0 

10 45 10 1 96 114 19 L 24 1 17 0 
16.9 3.7 0.4 36.0 42.7 7.1 0.4 9.0 0.4 6.4 0.0 

13 65 2 0 79 101 29 0 17 2 25 1 

25.0 0.8 0.0 30.4 38.8 11.2 0.0 6.5 0.8 9.6 0.4 

16 58 
26.6 

1 
0.5 

0 
0.0 

84 
38.5 

63 
28.9 

16 
7.3 

0 
0.0 

16 
7.3 

1 
0.5 

24 
11.0 

2 
0.9 

19 45 
25.0 

3 
1.7 

0 
0.0 

79 
43.9 

49 
27.2 

7 
3.9 

0 
0.0 

11 
6.1 

0 
0.0 

16 
8.9 

1 
0.6 
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STAS3117
SAN CLEMENTE ISLAND, CALIFCRNIA 


OCTOBER PERIOD 4/60 TIRU 3/69 

TOTAL CLCUD ANCUNT (TEKTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 66 
35.5 

0 
O.C 

15 
8.1 

9 
4.8 

'10 
5.4 

8 
4.3 

3 
1.6 

7 
3.R 

15 
8.1 

3 
1.6 

50 
26.9 

186.0 

4 61 4 7 3 7 9 5 110 13 4 63 186.0 

32.8 2.2 3.8 1.6 3.8 4.8 2.7 5.4 7.0 2.2 33.9 

7 57 
21.1 

15 
5.6 

6 
2.2 

13 
4.8 

9 
3.3 

6 
2.2 

6 
2.2 

21 
7.8 

14 
5.2 

18 
6.7 

105 
38.9 

270.0 

10 65 
24.1 

14 
5.2 

10 
3.7 

14 
5.2 

11 
4.1 

16 
5.9 

13 
4.8 

18 
6.7 

11 
4.1 

20 
7.4 

78 
28.9 

270.0 

13 71 20 13 16 20 13 9 16 19 13 60 270.0 

26.3 7.4 4.8 5.9 7.4 4.8 3.3 5.9 7.0 4.8 22.2 

16 74 
30.3 

17 
7.0 

14 
5.7 

13 
5.3 

17 
7.0 

11 
4.5 

7 
2.9 

9 
3.7 

19 
7.8 

1? 
5.3 

50 
20.5 

244.0 

19 52 
28.0 

5 
2.7 

11 
5.9 

16 
8.6 

15 
8.1 

11 
5.9 

11 
5.9 

10 
5.4 

8 
4.3 

6 
3.2 

41 
22.0 

186.0 

22 59 
31.7 

7 
3.8 

13 
7.0 

. 8 
4.3 

18 
9.7 

6 
3.2 

7 
3.8 

5 
2.7 

9 
4.8 

11 
5.q 

43 
23.1 

186.0 

SAN CLEMENTE ISLAND, CALIFORNIA STA93117 

OCTOBER PERIOC 4/60 THRU 3/69 

CLOUD TYPE 

(CLEAR) (FOG) (LO CLCUC) (IDCLE CLCUD) (IIGH CLOUBI (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 57 
21.1 

27 
10.0 

0 
0.0 

85 
31.5 

97 
35'; 

10 
3.7 

0 
0.0 

20 
7.4 

1 
C.4 

37 
13.7 

1 
0.4 

10 65 
24.1 

22 
8.1 

0 
8.0 

73 
27.0 

105 
38.9 

12 
4.4 

0 
0.0 

17 
6.3 

1 
0.4 

48 
17.8 

2 
0.7 

13 71 
26.3 

15 
5.6 

0 
0.0 

61 
22.6 

104 
38.5 

14 
5.2 

0 
0.0 

19 
7.0 

3 
1.1 

61 
22.6 

2 
0.7 

16 74 
30.3 

11 
4.5 

0 
0.0 

56 
23.0 

64 
26.2 

15 
6.1 

1 
0.4 

19 
7.8 

6 
2.5 

57 
23.4 

0 
0.0 

19 52 
28.0 

S 
4.8 

0 
0.0 

57 
30.6 

40 
21.5 

9 
4.8 

0 
0.0 

10 
5.4 

3 
1.6 

40 
21.5 

1 
0.5 

59 



SAN CLEMENTE ISLAND, CALIFCRNIA STASJIL7 

NOVEMBER PERIOD 4/60 THRU 3/69 

TOTAL CLCUD AP'LNT (TENTHS) 

LST C 1 2 3 4 5 6 7 8 s 10 TOTAL 

1 65 5 7 14 5 7 5 5 15 7 45 180.0 
36.1 2.e 3.9 7.8 2.8 3.9 2.8 2.8 8.3 3.4 25.0 

4 5E 9 it. 7 15 7 6 8 10 4 46 18C.0 
32.2 5.C 5.6 3.9 8.3 3.9 3.3 4.4 5.6 2.2 25.6 

7 47 
17.5 

11 
4.1 

16 
6.0 

12 
4.5 

19 
7.1 

10 
3.7 

9 
3.4 

17 
6.3 

30 
11.2 

2c 
7.5 

77 
28.7 

268.) 

10 55 11 11 15 8 13 20 21 17 2C 76 267.o 
20.6 4.1 4.1 5.6 3.0 4.9 7.5 7.9 6.4 7.5 28.5 

13 53 11 15 16 14 12 11 22 21 18 74 267.C 
19.9 4.1 5.6 6.0 5.2 4.5 4.1 8.2 7.9 6.7 27.7 

16 52 9 22 13 ig 15 11 16 23 16 71 267.0 
19.5 3.4 8.2 4.9 7.1 5.6 4.1 6.1 8.6 6.U 26.6 

19 45 8 12 10 11 13 8 11 11 5 46 186.0 
25.0 4.4 6.7 5.6 6.1 7.2 4.4 6.1 6.1 2.8 25.6 

22 58 11 10 6 If) 8 8 6 9 9 45 1804. 
- * S32-2 5.C 25.* 

SAN CLENENTE ISLAND, CALIFCRNIA STAS3117 

NOVEMBER PERICD 4/60 THRU 3/69 

CLCUD TYPE 

(CLEAR) (FCG) (LOW CLCUC) (PIDCLE CLCUD) (FIGF CLOUD) (VERTICAL) 

L0T D 1 2 3 4 5 6 7 8 9 10 

7 47 16 5 62 96 35 3 29 7 71 4 
17,5 E.C 1.9 23.1 35.8 13.1 1.1 10.8 2.6 26.5 1.5 

10 55 13 5 41 I3 47 0 34 11 73 3 
20,6 4.q 1.9 15.4 38.6 17.6 0.0 12.7 4.1 27.3 1.1 

13 53 12 2 36 97 50 1 36 8 82 3 
19.9 4.5 0.7 13.5 36.3 18.7 C.4 13.5 3.C 30.7 1.1 

16 52 17 3 33 99 45 3 34 15 83 2 
19.5 6.4 1.1 12.4 37.1 16.9 1.1 12.7 5.6 31.1 0.7 

19 45 11 5 33 51 21 3 19 12 38 1 
25.0 t.1 2.8 18.3 28.3 11.7 1.7 10.6 6.7 21.1 r,.6 

60 



SAN CLEMENTE ISLAND, CALIFCR&IA STA53117
 

CECEMSER PFRICD 4/63 THRU 3/69 

TOTAL CLOUD ANCUNT (TENTHS) 

LtT 0 1 2 3 4 5 6 7 8 s 10 TOTAL 

1 68 6 5 8 8 5 5 5 6 1 29 146.0 
46.6 4.1 3.4 5.5 5.5 3.4 3.4 3.4 4.1 v,.7 19.9 

4 84 5 9 7 9 6 3 6 4 1 22 156.0 
53.8 3.2 5.8 4.5 5.8 3.8 1.9 3.8 2.6 'i.6 14.1 

7 58 11 12 26 17 13 a 17 28 12 62 264.C 

22.0 4.2 4.5 9.8 6.4 4.9 3.0 6.4 10.6 4.5 23.5 

It 58 14 7 26 22 14 14 26 18 12 56 267., 
21.7 5.2 2.6 9.7 8.2 5.2 5.2 9.7 6.7 4.5 21.0 

13 52 16 17 13 15 15 14 L9 20 2) 63 264.U' 

19.7 6.1 6.4 4.9 5.7 5.7 5.3 7.2 7.6 7.6 23.9 

16 57 18 14 12 11 12 13 16 18 i8 64 253.0 
22.5 7.1 5.5 4.7 4.3 4.7 5.1 6.3 7.1 7.1 25.3 

19 5c 7 16 10 4 7 5 7 12 4 25 147.0 
34.0 4.8 I.9 6.8 2.7 4.8 3.4 4.8 8.2 2.7 17.0 

22 65 I 5 i 6 7 4 6 4 2 27 146.0 
44.5 6.8 3.4 6.8 4.1 4.8 2.7 4.1 2.7 1.4 18.5 

SAN CLEMENTE ISLAND, CALIFORNIA STAG3117 

CECEMBER PERIOC 4/6C TPRU 3/69 

CLOUD TYPE 

(CLEAR) (FCG) (LOW CLCUC) (VICCLE CLOUD) (FIGF CLOUt) (VERTICAL) 

L5T 0 1 2 3 4 5 6 7 8 9 10 

7 58 33 2 34 77 35 5 31 6 77 3 
22.0 12.5 0.8 12.9 29.2 13.3 1.9 11.7 2.3 29.2 1.1 

10 58 23 0 32 81 47 2 32 5 92 1 
21.7 8.6 0.6 12.0 30.3 17.6 0.7 12.J 1.9 34.5 0.4 

13 52 29 1 31 68 51 4 29 4 93 2 
19.7 11.0 0.4 11.7 25.8 19.3 1.5 11.0 1.5 35.2 0.8 

16 57 23 1 25 64 37 1 26 4 83 2 
22.5 9.1 0.4 9.9 25.3 14.6 0.4 10.3 1.6 32.8 0.8 

19 50 7 2 26 29 11 1 8 3 41 1 

34.0 4.E 1.4 17.7 19.7 7.5 0.7 5.4 2.C 27.9 0.7 

61 



SAN DIEGO, CALIFORNIA STA93112
 

JANUARY PERIOD 1/59 THRU 12/68 

TOTAL CLOUD AYCUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 1" TOTAL 

1 126 c 11 14 9 lz 6 13 13 18 82 310.0 

40.6 1.9 3.5 4.5 2.9 3.9 1.9 4.2 4.2 5.8 26.5 

4 130 11 15 11 5 5 13 15 14 12 79 31f:.0 

41.9 3.5 4.8 3.5 1.6 1.6 4.2 4.8 4.5 3.9 25.5 

7 78 2( 2
n 

17 11 19 7 2i! 24 15 79 311.0 
25.2 6.5 6.5 5.5 3.5 6.1 2.3 6.5 7.7 4.8 25.5 

10 92 29 11 22 10 15 1' 13 24 25 52 310.fC 

29.7- 9.4 3.5 7.1 3.2 4.8 5.5 4.2 7.7 8.1 16.8 

13 83 26 23 17 25 7 19 18 27 1 49 3103.0 

26.8 8.4 7.4 5.5 8.1 2.3 6.1 5.8 8.7 5.2 15.8 

16 79 25 23 23 16 26 9 17 i9 19 54 310.0 
25.5 B.1 7.4 7.4 5.2 8.4 2.9 5.5 6.1 b.1 17.4 

19 117 19 24 24 15 1". 11 13 17 12 48 311.0 
3T.7 6.1 7.7 7.7 4.8 3.2 3.5 4.2 5.5 3.9 15.5 

22 121 14 13 14 18 12 11 20 9 7 71 31.0 
39 .. d j.i 3 6.5 2.9 2.3 22.9 

SAN DIEGO, CALIFCPNIA STA93112 

JANUARY PERIOD 1/59 TIRU 12/68 

CLOUD TYPE 

(CLEAR) (FCG) (LOW CLOUD) (PIDDLE CLCUDI (hIGH CLOUD) (VER-TICAL) 

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

7 78 27 1 29 Tc 27 19 45 38 82 1 
25.2 E.7 0.3 9.4 22.6 8.7 6.1 14.5 12.3 26.5 0.3 

10 92 16 2 27 6n 37 13 48 45 87 3 

29.7 5.2 C.6 8.7 19.4 11.9 4.2 15.5 14.5 28.1 1.0 

13 83 3 3 17 54 54 10 41 48 104 1 

26.8 1.0 1.0 5.5 17.4 17.4 3.2 13.2 15.5 33.5 0.3 

16 79 
25.5 

5 
1.6 

3 
1.0 

21 
6.8 

48 
15.5 

48 
15.5 

15 
4.8 

44 
14.2 

44 
14.2 

100 
32.3 

1 
0.3 

19 117 13 0 29 66 28 4 26 29 57 0 

37.7 4.2 0.0 9.4 21.3 9.0 1.3 8.4 9.4 18.4 0.0 

62 



SAN DIEGO, CALIFCRNIA STA93112
 

FEBRUARY PERIOD 1/59 THRU 12/68 

TOTAL CLCUD AMCUNT (TENTHS) 

LST C 1 2 3 4 5 6 7 8 9 1' TUTAL 

1 112 4 8 lfl 9 14 1" il 16 15 69 282. 
t 

39.7 1.4 2.5 3.5 3.2 5. ' 3.5 3.9 5.7 6.7 24.5 

4 121 6 6 10 3 7 8 i L6 9 85 282.1 
42.9 2.1 2.1 3.5 1.1 2.5 2.8 3.9 5.7 3.2 3%.' 

7 71 1S 1? 12 17 13 I 12 23 22 71 282.0 

25.2 6.7 4.3 4.3 6.° 4.6 3. 4.3 8.2 7.8 25.2 

10 72 21 19 13 11 15 13 14 16 PA 61 282.3 

25.5 7.4 6.7 4.6 3.5 5.3 q.0 5.- 5.7 9.9 21.6 

13 32 15 13 19 12 12 16 Z4 27 2' 42 282.1 

29.1 5.3 4.6 6.7 4.3 4.3 5.7 d.5 9.6 7.1 14.9 

16 74 17 19 2- 21 9 6 21 ?2 23 5 282.', 

2b.2 6.c 5.7 7.1 7.4 3.2 2.1 7.4 7.8 8.2 17.7 

19 86 2 24 14 19 13 1, 17 16 I 49 283.6 

30.4 7.1 3.5 4.9 5.3 4.6 3.5 b." 5.7 o.7 17.3 

22 1I 
39.9 

s 
2.2 

13 
4.6 

1q 
6.7 

12 
t.? 

6 
2.8 

q 
3.2 

i3 
4.6 

14 
4.9 

1& 
5.7 

57 
2 .1 

283.0 

SAN DIFGO, CALIFCQNIA STA93112 

FEBRUARY PaPtOe 1/59 THRU 12/68 

CLCUD TYPE 

(CLEARI (FCC) (LOW CLCUD) (tIDOLE CLCUD) (hIGH CLOUC) [VERTICAL) 

LST f) 1 z 3 4 5 6 7 8 9 

7 71 
25.2 

39 
13.8 

1 
(.4 

54 
19.1 

65 
23.. 

43 
15.2 

6 
2.1 

36 
32.8 

2' 
7.1 

74 
26.2 

1 
1.4 

10 72 
25.5 

15 
5.3 

2 
C.7 

39 
13.8 

71 
25.2 

49 
17.4 

12 
4.3 

3% 
I'. 6 

2-
7.1 

93 
33.' 

3 
1.1 

13 82 
29.1 

f 
2.1 

1 
C.4 

18 
6.4 

61 
21.6 

72 
25.5 

12 
4.3 

35 
12.4 

29 
i.3 

91 
32.3 

3 
1.1 

16 74 
26.2 

9 
3.2 

1 
C.4 

2') 
7.1 

63 
22.3 

72 
25.5 

1' 
3.5 

38 
13.5 

34 
12.1 

86 
30.5 

4 
1.4 

19 86 
30.4 

7 
2.5 

2 
7.7 

38 
13.4 

62 
21.9 

48 
17.t 

M 
3.5 

3, 
it.o 

27 
9.5 

64 
22.6 

1 
0.4 

63 



SAN DIEGO, CALIFORNIA 

STAq3 12
 

MARCH 
 PERIOD 1/59 THRU 12/68
 

TOTAL CLOUD ARCUNT (TENTHS) 
LST 1) 1 2 3 4 5 6 7 8 9 1' TOTAL 

1 76 
24.5 

16 
5.2 

18 
5.8 

18 
5.8 

8 
2.6 

7 
2.3 

12 
3.9 

17 
5.5 

23 
7.4 

17 
5.5 

98 
31.6 

310.0 

. 77 
24.8 

18 
5.8 

12 
3.9 

12 
3.9 

10 
3.2 

6 
1.9 

16 
5.2 

I0 
3.2 

12 
3.9 

23 
7.4 

114 
36.8 

7 49 
15.8 

25 
8.1 

13 
4.2 

11 
3.5 

1" 
3.2 

12 
3.9 

11 
3.5 

17 
5.5 

27 
8,7 

36 
11.6 

99 
31.9 

31. ) 

1L 52 
16.8 

24. 
6.5 

2-
6.5 

19 
6.1 

17 
5.5 

17 
5.5 

16 
5.2 

22 
7.1 

23 
7.4 

3. 
9.7 

74 
23.9 

31u.0 

13 63 

2f,.3 
29 

9.4 
21 
b.8 

15 
4.8 

8 
2.6 

22 

7.1 
21 

6.8 
26 

8.4 
3i 

I: ., 
23 

7.4 
51 

16.5 
3i£.O 

16 55 
17.7 

22 
7.1 

30 
9.7 

23 
7.4 

14 
4.5 

13 
4.2 

21 
6.8 

25 
8.1 

18 
5.8 

2C 
6.5 

69 
22.3 

310.G 

19 59 
19.u 

21 
6.8 

24 
7.7 

21 
6.8 

19 
6.1 

15 
4.8 

17 
5.5 

22 
7.t 

24 
7.7 

17 
5.5 

71 
22.9 

31(..P 

22 71 20 21 19 8 17 13 12 19 22 88 31C.0 

MARCH 

SAN, DIEGO, CALIFCRNIA 
STA9311 2 

PERIOC 1/59 THRU 12/68 

CLOUD TYPE 
(CLEAR) (FCG) ILOh CLCUO) (FIDDLE CLCUD) (hIGh CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 13 
7 49 

15.8 
38 

12.3 
1 

0.3 
57 

18.4 
123 

39.7 
62 

20.C 
11 
3.5 

39 
12.6 

18 
5.8 

72 
23.2 

' 
1.0 

10 52 
16.8 

6 
1.9 

0 
0.0 

35 
11.3 

iii 
35.8 

95 
30.6 

12 
3.9 

33 
I.6 

32 
1L.2 

82 
26.5 

2 
0.6 

13 63 
20.3 

5 
1.6 

1 
C.3 

31 
10.b 

84 
27.1 

96 
31.C 

6 
1.9 

38 
12.3 

35 
11.3 

93 
3U,C 

2 
Q1.6 

16 55 
17.7 

7 
2.3 

1 
0.3 

30 
9.7 

98 
31.6 

95 
30.6 

4 
1.3 

4j 
12.9 

48 
15.5 

90 
29.C 

1 
0.3 

19 59 
19.0 

S 
2.9 

2 
q-6 

49 
15.8 

102 
32.9 

63 
2).3 

5 
1.6 

35 
11.3 

39 
12.6 

66 
21.3 

2 
0.6 

64 



STAS3112

SAN DIEGO, CALIFORNIA 


PERIOD If59 THRU 12/68
APRIL 


TOTAL CLOUD AMCUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 101 TOTAL 

1 72 
24.0 

16 
5.3 

15 
5.0 

12 
4.'! 

14 
4.7 

11 
3.7 

15 
5.L 

10. 
3.3 

15 
5.l 

13 
4.3 

1!.7 
35.7 

300.0 

4 55 
18.3 

14 
4.7 

9 
3.-) 

17 
5.7 

13 
4.3 

7 
2.3 

9 
3V 

J6 
5.3 

!3 
4.3 

15 
5.r 

)32 
44J­

r 
300.C 

7 45 
15.0 

18 
6.0 

12 
4.A 

10 
3.3 

8 
2.7 

15 
5.0 

6 
2.1 

17 
5.7 

24 
8.-

25 
8.3 

120 
4At.C­

300.0 

IG 66 
22.0 

20 
6.7 

13 
4-3 

20 
6.7 

20 
6.7 

21 
7.0 

18 
6.0 

16 
5.3 

24 
8.0 

21 
7'. 

61 
2U.3 

300.0 

13 82 
27.3 

23 
7.7 

16 
5.3 

10 
6.3 

15 
5.0 

27 
9.-

14 
4.7 

-22 
7.3 

21 
7.0 

26 
8.7 

35 
LI.7 

3C0.9 

16 72 
24.C 

22 
7.3 

2
n 

6.7 
24 

8.f 
15 
5. 

19 
6.3 

18 
6." 

21 
7., 

26 
8.7 

21 
7.C 

42 
14.4 

300.0 

19 68 
22.7 

22 
7.3 

20 
6.7 

14 
4.7 

18 
6.0 

21 
7.0 

24 
6.7 

21 
7.', 

22 
7.3 

i6 
5.3 

58 
19.3 

330.0 

22 85 
28.3 

11 
3.7 

20 
6.7 

11 
3.7 

12 
4.? 

1-
3.3 

i8 
6.3 

17 
5.7 

15 
5.. 

q 
3.-

92 
3..7 

30.J 

SAN DIEGO, CALIFCRNIA STA93112 

APRIL 
PERIOD 1159 THRU 12/68 

CLOUD TYPE 

(CLEAR) (FCOG) (Lw' CLOUD) (PIDDLE CLCUD) (FIGH CLOUC) (VERTICAL) 

LST 
7 

0 
45 

y 
28 

2 
C 

3 
64 

4 
138 

5 
66 

6 
4 

7 
29 

8 
14 

9 
3" 

10 

15.0 9.3 I (c 21.3 46.C 22- 1.3 G.7 4.7 IC.X r.0 

10 66 
22.0 

8 
2.7 

1 
.3 

39 
13.0 

125 
41.7 

84 
28.0 

3 
1.0 

25 
8.3 

21 
7.Q 

55 
18.3 

1 
0.3 

13 82 
27.3 

3 
1.6 

1 
0.3 

27 
9.0 

194 
34.7 

78 
26.0 

1 
0.3 

26 
8.7 

22 
7.3 

60 
20.r 

1 
0.3 

16 72 
24.0 

7 
2.3 

(1 
t.t 

34 
11.3 

£06 
35.3 

71 
23.7 

4 

1.3 

27 

9.c 

21 

7.0 

76 

25.3 

0 
D.C 

19 68 
22.7 

7 
2.3 

0 
G.0 

42 
14.0 

119 
39.7 

52 
17.3 

6 
2.0 

25 
8.3 

19 
6.3 

70 
23.3 

0 
0.0 

65 



SAN DIEGO, CALIFCRNIA STA93112
 

MAY PERICD 1/59 THRU 12/68 

TOTAL CLOUD AiCUNT (TENTHS) 

LST 0 1 2 3 4 5 & 7 8 9 t., TOTAL 

1 49 6 11 13 it 8 7 1z. 26 14 155 Ie. 0 
15.8 I.A 3.5 4.2 3.5 2.6 2.A 3.2 8.4 4.5 5,.1 

4 29 3 5 11 9 7 1' 15 22 a 191 310.0 
9.4 I." 1.& 3.5 2.9 2.3 3.2 4.8 7.1 2.6 61.6 

7 21 
6.8 

I(: 
3.2 

12 
3.9 

5 
1.6 

8 
2.6 

11 
3.5 

6 
1.9 

11 
3.5 

14 
4.5 

25 
8.1 

187 
6f..3 

31).P 

i0 58 2 ; 15 8 14 13 19 22 16 26 99 3 l..l 
18.7 6.5 4.8 2.6 4.5 4.2 6.1 7.1 5.2 8.4 31.9 

13 86 3r 17 28 2!) 14 14 23 1 8 1 39 31'.,] 
27.7 9.7 5.5 9. 6.5 4.5 4.5 7.4 5.8 6.8 12.6 

16 7. 31 24 !8 17 14 16 23 22 22 53 31t. , 

22.6 13.( 7.7 5.8 5.5 4.5 5.2 7.4 7.1 7.1 17.1 

19 37 24 27 :7 18 14 16 ?1 21 21 94 314.0 
11.9 7.7 8.7 5.5 5.8 4.5 5.2 6.8 6.8 6.8 3..3 

22 55
1-7-7 

17
5. 

16 
2• 

15
4.8-35 

11 9 
-T-- --

13 21 
.-­ ".. 

12 A"'. 
-'.29 0. 

131 
•$. 

31%.C 

SAN DIEGC, CALIFERNIA STA93112 

MAY PERIOD 1/59 THRU 12/68 

CLOUD TYPE 

(CLEAR) (FCG (LOW CLOLD) (PICOLF CLCUD) (FIG- CLOUC) (VERTICAL) 

LST r3 1 2 3 4 5 6 7 8 9 10 

7 21 17 C 79 215 52 1 14 5 21 
6.8 5.5 Q.C 25.5 69.4 16.8 0.3 4.5 1.6 6.8 (.r 

10 58 5 a 51 185 59 2 16 1., 33 0 
18.7 1.6 C.0 16.5 59.7 19.0 0.6 5.2 3.2 10.6 0.0 

13 86 3 6 34 142 67 11 19 14 4t, 1 
27.7 1.0 0.4 11.0 45.8' 21.6 0.6 6.1 4.5 12.9 0.3 

16 70 3 C 42 156 55 3 18 22 51 2 
22.6 1.c U.U 13.5 50.3 17.7 1.0 5.8 7.1 16.5 0.6 

19 37 1 '3 58 188 44 3 21 11 62 C 
11.9 0.3 C.0 18.7 601.6 14.2 1.C 6.8 3.5 20.0 .c 
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SAN DIEGO, CALIFORNIA STA93112 

JUNE PFRIOD 1/59 THRU 12/68 

TOTAL CLOUD AECUNT (TENTHS) 

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

1 18 4 2 10 4 2 4 6 15 8 227 309.0 

6.0 1.3 0.7 3.3 1.3 0.7 1.3 2.0 5.0 2.7 75.7 

4 12 
4.0 

1 
0.3 

4 
1.3 

4 
1.3 

3 
1.0' 

6 
2.0 

4 
1.3 

4 
1.3 

4 
1.3 

2 
1.0 

255 
85.0 

3C0.0 

7 8 
2.7 

3 
1.0 

2 
0.7 

2 
0.7 

7 
2.3 

3 
1.0 

2 
0.7 

5 
1.7 

6 
2.0 

15 
5.0 

247 
82.3 

300.0 

10 60 19 17 10 8 14 5 13 1n 10 134 300.0 

2n.0 6.3 5.7 3.3 2.7 4.7 1.7 4.3 3.3 3.3 44.7 

13 99 25 15 15 11 9 16 16 12 8 74 30G.O 

33.0 8.3 5.0 5.0 3.7 3.0 5.3 5.3 4.0 2.7 24.7 

16 86 30 13 18 10 14 15 16 15 17 66 300.0 

28.7 10.C 4.3 6.0 3.3 4.7 5.0 5.3 5.0 5.7 22.0 

19 45 25 14 17 13 16 12 17 15 14 112 300.0 

15.0 8.3 4.7 5.7 4.3 5.3 4.0 5.7 5.0 4.7 37.3 

22 30 15 12 16 7 4 11 7 12 13 173 300.0 

10.0 5.0 4.0 5.3 2.3 1.3 3.7 2.3 4.0 4.3 57.7 

SAN DIEGO, CALIFCRNIA STA93112 

JUNE PERIOC 1/59 THRU 12168 

CLOUD TYPE 

(CLEAR) IFCG) ([Oh CLOUD) (PIDDLE CLOUD) (IGH CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 8 
2.7 

28 
G,3 

0 
C.0 

154 
51.3 

155 
51.7 

28 
9.3 

0 
0.0 

i0 
3.3 

0 
0.0 

5 
1.7 

0 
0.0 

10 60 7 0 121 142 33 0 7 2 13 0 

20.0 2.3 0.0 40.3 47.3 11.0 0.0 2.3 0.7 4.3 0.0 

13 99 4 0 86 115 37 1 10 11 22 0 

33.0 1.3 0.6 28.7 38.3 12.3 0.3 3.3 3.7 7.3 0.0 

16 86 3 0 90 133 32 Q 10 9 17 1 

28.1 1.0 0.0 30.0 44.3 10.7 0.0 3.3 3.0 5.7 0.3 

19 45 3 0 123 144 24 0 17 4 24 0 

15.0 1.0 0.0 41.0 48.0 8.0 0.0 5.7 1.3 8.0 0.0 
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SAN DIEGO, CALIFCRNIA STA93112 

JULY PERIOD 1/59 THRU 12t68 

TOTAL CLOUD ACUNT (TEhTHS) 

LST 0 1 2 3 4 5 6 7 8 1! TOTAL 

1 35 9 8 16 11 5 11 11 16 13 175 310.0 
11.3 2.S 2.6 5.2 3.5 1.6 3.5 3.5 5.2 4.2 56.5 

4 16 8 7 5 9 4 3 9 11 11 227 310.0 
5.2 2.6 2.3 1.6 2.9 1.3 1.9 2.9 3.5 3.5 73.2 

7 11 3 8 8 6 5 9 8 17 15 220 310.0 
3.5 I.C 2.6 2.6 1.9 1.6 2.9 2.6 5.5 4.8 71.0 

10 83 3. 30 16 14 16 14 10 17 12 68 310.0 
26.8 9.7 9.7 5.2 4.5 5.2 4.5 3.2 5.5 3.9 21.9 

13 118 37 29- 22 19 13 12 16 11 9 24 310.C 
38.1 11. 9.4 7.1 6.1 4.2 3.9 5.2 3.5 2.9 7.7 

16 111 
35.8 

4L 
12.9 

34 
11.0 

14 
4.5 

23 
7.4 

11 
3.5 

16 
5.2 

14 
4.5 

16 
5.2 

11 
3.5 

20 
6.5 

310.0 

19 62 52 3S 25 13 12 17 24 2, 15 42 310.0 
20.0 16.8 9.7 8.1 4.2 3.9 5.5 7.7 6.5 4.8 12.9 

22 56 23 29 22 12 11 11 16 18 15 97 310-n 
10.I .4 Y.4 .1 3.9 3.5 3.5 5.2 5.8 4.8 31.3 

SAN DIEGO, CALIFCRNIA STA93112 

JULY PERIOD 1/59 THRU 12/68 

CLOUD TYPE 

(CLEAR) CFCGl (LOh CLOUD) (MIDDLE CLOUD) (FIGI CLOUD) (VERTICAL) 

tST 0 1 2 3 4 5 6 7 8 9 10 

7 11 23 0 226 49 1 1 34 1 21 0 
3.5 7.4 f.0 72.9 15.8 0.3 0.3 11.0 0.3 6.8 0.0 

10 83 9 0 151 43 7 2 50 7 40 1 
26.8 2.9 0.0 48.7 13.9 2-3 0.6 16.1 2.3 12.9 0.3 

13 118 3 0 88 40 31 4 55 12 66 20 
38.1 1.0 C.O 28.4 12.9 10.) 1.3 17.7 3.9 21.3 6.5 

16 ill 0 0 99 50 31 3 67 14 57 18 
35.8 0.0 0.0 31.9 16.1 10.0 1.0 21.6 4.5 18.4 5.8 

19 62 0 0 151 53 7 7 65 i 68 4 
20.0 0.0 0.0 48.7 19.0 2.3 2.3 21.0 3.2 21.9 1.3 
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SAN DIEGO, CALIFORNIA STA93112
 

AUGUST PERIOD 1/59 THRU 12/68 

TOTAL CLOUD AMOUNT (TENTHS) 

LST C 1 2 3 4 5 6 7 8 9 1& TOTAL 

1 47 13 9 13 5 3 11 6 11 11 181 310.0 
15.2 4.2 2.9 4.2 1.6 1.0 3.5 1.9 3.5 3.5 58.4 

4 31 2 4 6 9 5 12 11 11 12 207 310.0 
IC.O 0.6 1.3 1.9 2.9 1.6 3.9 3.5 3.5 3.9 66.8 

7 16 7 8 8 5 2 12 13 27 27 185 310.0 
5.2 2.3 2.6 2.6 1.6 0.6 3.9 4.2 8.7 8.7 59.7 

10 107 21 28 17 16 14 8 18 13 8 54 310.0 
34.5 8.7 9.0 5.5 5.2 4.5 2.6 5.8 4.2 2.6 17.4 

13 140 33 27 18 18 13 8 12 13 6 22 310.3 
45.2 10.6 8.7 5.8 5.8 4.2 2.6 3.9 4.2 1.5 7.1 

16 97 41 33 35 18 14 11 13 15 11 16 310.0 
31.3 15.2 10.6 11.3 5.8 4.5 3.5 4.2 4.8 3.5 5.2 

19 71 37 37 21 24 22 19 19 15 12 33 310.0 
22.9 11.9 11.9 6.8 7.7 7.1 6.1 6.1 4.8 3.9 10.6 

22 67 23 18 24 14 10 15 16 21 11 91 310.0 
21.6 7.4 5.8 7.7 4.5 3.2 4.8 5.2 6.8 3.5 29.4 

SAN DIEGO, CALIFCRNIA STA93112 

AUGUST PEPIOC 1/59 THRU 12/68 

CLCUO TYPE 

(CLEAR) (FCG) (LOW CLCUD) (MIDDLE CLCUD) (hIGH CLOUD) (VERTICAL) 

L.ST 0 1 2 3 4 5 6 7 8 9 10 

7 16 14 0 217 58 5 0 41 1 19 0 
5.2 4.5 0.0 70.0 18.7 1.6 0.0 13.2 '3.3 6.1 0.0 

10 107 8 0 126 46 20 1 43 4 35 1 
34.5 2.6 0.0 40.6 14.8 6.5 0.3 13.9 1.3 11.3 0.3 

13 140 4 0 78 37 39 3 53 6 60 27 
45.2 1.3 0.0 25.2 11.9 12.6 1.0 17.1 1.9 19.4 8.7 

16 97 3 0 120 41 46 4 62 6 64 32 
31.3 1.0 0.0 38.7 13.2 14.8 1.3 20.0 1.9 20.6 10.3 

19 71 2 0 159 54 7 5 46 8 56 4 
22.9 0.6 0.0 51.3 17.4 2.3 1.6 14.8 2.6 18.1 1.3 
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SAN DIEGO, CALIFORNIA STA93J12 

SCPTEMBER PERIOD 1/59 THRL 12/68 

TOTAL CLOUD AMOUNT (TENTHS) 

LST 0 1 2 3 4 5 6 T 8 5 1. TOTAL 

1 64 9 6 5 8 5 9 1. 11 4 169 30.9 
21.3 3.0 2.D 1.? 2.7 1.7 3.o 3.3 3.7 1.3 56.3 

4 56 7 8 3 6 5 4 5 9 7 19 300.0 
18.7 2.3 2.7 1.0 2.0 1.7 1.3 1.7 3.2 2.2 63.3 

7 45 7 13 6 8 6 6 7 13 17 172 30.c 
15.0 2.? 4.3 2 .0 2.7 2.0 22 2.3 4.3 5.7 57.3 

10 103 31 12 19 11 13 3 12 10 2C 66 31,0.0 
34.3 IC.3 4.0 6.3 3.7 4.3 1.3 4.9 3.3 6.7 22.) 

13 135 27 22 18 11 17 o I 14 ' 31 30!.C 
45.0 9.n 7.3 6. ) 3.7 5.7 24) 3.3 4.7 3 . 10.3 

16 126 35 20 11. 14 11 i 0 12 i.3 34 30*.0 
42.0 13.f 6.7 3.7 4.7 3.7 3.3 3.3 4.1 4.3 11.3 

19 93 25 26 20 14 15 8 12 15 2r 52 
31.0 8.3 8.7 b.7 4.7 5.0 2.7 4. 5.d 6.7 17.3 

22 72 - 15 14 17 12 6 14 9 17 7 liT 
2'. D.C 7 • * 2.0 4.7 3.C 5.7 2.3 39.O 

SAN DIEGO, CALIFCRNIA STA93112 

SEPTEMBER PERIOD 1/59 THRU 12/68 

CLOUD TYPE 

(CLEAR) (FCG) ([DOI CLCUO) (PIDDLE CLCUD) (HIGH CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 & 7 8 9 i0 

7 45 3!? 138 91 14 3 31 1 16 0 
15.3 II.0 C.1 46.n 30.3 4.7 1.1) L.3 0.3 5.3 (.0 

10 103 7 c 93 86 34 3 38 4 20 
34.3 2.3 C.0 31.4 28.7 11.3 12 12.7 1.3 6.7 0.0 

13 135 1 0 55 82 41 4 33 5 33 8 
45.0 0.3 1.. 18.3^ 27.3 13.7 1.3 11.0 1.7 11.0 2.7 

16 126 3 G 56 89 25 5 39 IC 27 15 
42.0 1.0 C.0 18.7 29.7 8.3 1.7 13.0 3.3 9.0 5.0 

19 93 2 Q 105 85 8 5 29 7 26 
31., 0.7 0.0 35.0 28.3 2.7 1.7 9.7 2.3 8.7 1.0 
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SAN DIEGO, CALIFCRNIA STA93112 

OCTOBER PERIOD 1/59 THRU 12/68 

TOTAL CLOUD APEUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 93 7 13 9 9 8 7 7 13 8 136 310.0 
30.0 2.3 4.2 2.9 Z.9 2.6 2.3 2.3 4.2 2.6 43.9 

4 96 6 9 5 9 6 8 4 12 13 142 310.0 
31.0 1.9 2.9 1.6 2.9 1.9 2.6 1.3 3.9 4.2 45.8 

7 67 19 10 8 11 7 9 7 2D 23 129 310.0 
21.6 6.1 3.2 2.6 3.5 2.3 2.9 2.3 6.5 7.4 41.6 

10 93 22 22 21 17 8 16 11 22 15 63 310.0 
30.0 7.1 7.1 6.8 5.5 2.6 5.2 3.5 7.1 4.8 20.3 

13 125 2S 19 22 13 11 19 14 16 22 2C 310.G 
40.3 9.4 6.1 7.1 4.2 3.5 6.1 4.5 5.2 7.1 6.5 

16 106 31 16 28 11 18 15 15 20 2,.. 3fl 310.0 
34.2 I0.6 5.2 9.0 3.5 5.8 4.8 4.8 6.5 6.5 9.7 

19 116 19 14 16 21 9 12 21 18 12 52 310.0 
37.4 6.1 4.5 5.2 6.8 2.9 3.9 6.8 5.8 3.9 16.8 

22 106 9 22 15 9 5 10 10 8 12 104 310.0 
34.2 2.9 7.1 4.8 2.9 1.6 3.2 3.2 2.6 3.9 33.5 

SAN DIEGO, CALIFCRNIA STA93112 

OCTOBER PERIOD 1/59 THRU 12/68 

CLCUD TYPE 

(CLEAR) (FCG (LCW CLOUD) (FIDDLE CLCUD) (FIGH CLOUC) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 67 61 0 97 72 19 5 34 9 35 2 
21.6 19.7 G.0 31.3 23.Z 6.1 1.6 l.0o 2.9 11.3 0.6 

10 93 15 0 72 74 34 7 29 15 47 1 
30.0 4.8 0.0 23.2 23.9 11.0 2.3 9.4 4.8 15.2 0.3 

13 125 4 0 38 53 43 5 35 20 68 3 
40.3 1.3 0.0 12.3 17.1 13.9 1.6 11.3 6.5 21.9 1.0 

16 106 7 0 51 53 33 9 35 21 63 5 
34.2 2.3 0.0 16.5 17.1 10.6 2.9 11.3 6.8 20.3 1.6 

19 116 13 0 69 75 10 5 25 11 37 1 

37.4 4.2 0.0 22.3 24.2 3.2 1.6 8.1 3.5 11.9 0.3 
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SAN DIEGO, CALIFCRNIA STA93112 
NOVFM$ER PERIOD 1/59 ThRU 12/68 

TOTAL CLOUD APCbNT (TENTHS) 

LST 11 2 3 4 5 6 7 8 q II TOTAL 

S10 
3C.7 3.3 

12 
4.U 

10 
3.3 

14 
4.7 

7 
2.3 

11 
3.7 

11 
3.7 

i8 
6.0 

13 
4.3 

102 
34.A 

3t0.0 

4 105 
35.0 

9 
3.f 

13 
4.3 

7 
2.3 

7 
2.3 

7 
2.3 

13 
4.3 

14 
4.7 

10 
3.3 

14 
4.7 

Int 
33.7 

3C0.C 

7 74 
24.7 

12 
4.0 

16 
5.3 

13 
4,3 

9 
3.0 

8 
2.7 

9 13 
3.0I 4.3 

26 
8.7 

29 
9.7 

91 
30.3 

30C.C' 

io 78 
26.0 

13 
4.3 

2G 
6.7 

19 
6.3 

12 
4.0 

19 
6.3 

12 
4.0 

19 
6.3 

21 
7.C 

29 
9n 

58 
19.3 

300.0 

13 76 
25.3 

27 
4.c 

22 
7.3 

18 
6.0 

13 
4.3 

14 
4.7 

8 
2.7 

2R 
9.3 

19 
6.3 

20 
6.7 

55 
18.3 

360.0 

16 66 
22.0 

33 
11.0 

24 
3.0 

18 
6.0 

17 
5.7 

12 
4.0 

13 
4.3 

2J 
6.7 

28 
9.3 

is 
6.C 

51 
17., 

30).0 

19 88 
29.3 

21 
7.0 

26 
8.7 

12 
4.0 

17 
5.7 

10 
3.3 

1) 
3.3 

15 
5.r 

25 
8.3 

7 
2.3 

69 
23.0 

30). 

22 95 2 C 
3r-.i--Z.7-5.7 

17 13 
4.3 

15 
5.-

5 
1.7 

9 
3. 

9 
3.0 

7 
5.7 

I13 
4.3 29.0 

C4 -

SAN DIEGO, CALIFtRNIA STA93112 
NOVEMBER PERIOD 1/59 THRU 12/68 

CLOUD TYPE 

(CLEAR) (FCG) (LOW CLCUC) (PIDDLE CLCUD) (FIGF CLOUD) (VERTICAL) 

L-ST 0 1 2 3 4 5 6 7 8 9 I1 

7 74 41- 0 62 86 40 13 47 18 6C 2 
24.7 13.7 C.0 20.7 28.7 13.3 4.3 15.7 6, r 0.O 0.7 

10 78 
26.0 

12 
4.C 

c 
0.0 

36 
12.0 

79 
26.3 

57 
19.0 

8 
2.7 

52 
17.3 

29 
9.7 

81 
27.0 

4 
1.3 

13 76 
25.3 

5 
1.7 

1 
C.3 

20 
6.7 

73 
24.3 

7' 
23.3 

4 
1.3 

56 
18.7 

36 
12.3 

98 
32.7 

2 
0.7 

16 66 
22.0 

13 
4.3 

2 
C.7 

41 
13.7 

72 
24.0 

63 
21.0 

5 
1.7 

47 
15.7 

36 
12.0 

97 
32.3 

2 
C-7 

19 88 
29.3 

22 
7.3 

1 
0.3 

54 
18.') 

80 
26.7 

30 
10.0 

3 
1.0 

23 
7.7 

21 
7.c 

53 
17.7 

2 
0.7 
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SAN DIEGO, CALIFORNIA STA93112
 

DECEMBER PERIOD 1/59 THP 12168 

TOTAL CLCUD AYCUNT (TENTHS} 

LST 0 1 2 3 4 5 6 7 8 9 19 TOTAL 

1 116 15 10 14 12 6 14 9 13 12 89 310.0 
37.4 4.8 3.2 4.5 3.9 1.9 4.5 2.9 4.2 3.9 28.7 

4 122 12 14 11 5 8 11 10 13 12 92 310.0 
39.4 3.9 4.5 3.5 1.6 2.6 3.5 3.2 4.2 3.S 29.7 

7 73 32 15 15 13 13 15 19 17 21 77 310.0 
23.5 10.3 4.8 4.8 4.2 4.2 4.8 6.1 5.5 6.8 24.8 

11 85 26 10 22 14 15 8 12 27 25 66 310.0 
27.4 8.4 3.2 7.1 4.5 4.8 2.6 3.9 8.7 8.1 21.3 

13 86 16 20 15 19 11 19 22 3D 21 51 310.0 
27.7 5.2 6.5 4.8 6.1 3.5 6.1 7.1 9.7 6.8 16.5 

16 81 19 13 20 18 16 21" 12 28 26 57 310.0 
26.1 6.1 4.2 6.5 5.8 5.2 6.5 3.9 9.f, 8.4 18.4 

19 96 25 2P 22 13 12 16 15 12 15 64 310.0 
31.0 8.1 6.5 7.1 4.2 3.9 5.2 4.8 3.9 4.8 20.6 

22 110 17 15 11 12 11 8 13 13 8 92 310.0 
35.5 5.5 4.8 3.5 3.9 3.5* 2.6 4.2 4.2 2.6 29.7 

SAN DIEGO, CALIFCRNIA STA93112 

DECEMBER PERIOD 1/59 THRU 12/6B 

CLCUD TYPE 

(CLEAR) (FCG) (LLOW CLOUC) (MIDDLE CLCUD) (IGN CLOUt) (VERTICAL) 

UST a 1 2 3 4 5 6 7 8 9 10 

7 73 35 2 40 86 26 16 53 14 89 2 
23.5 11.3 0.6 12.9 27.7 8.4 5.2 17.1 4.5 28.7 0.6 

10 85 20 2 38 71 50 12 45 32 92 1 
27.4 6.5 0.6 12.3 22.9 16.1 3.9 14.5 10.3 29.7 0.3 

13 86 11 3 24 63 64 15 44 31 97 2 
27.7 3.5 1.0 7.7 20.3 20.6 4.8 14.2 10.0 31.3 0.6 

16 81 12 1 31 66 54 10 52 31 101 3 
26.1 3.9 0.3 10.0 21.3 17.4 3.2 16.8 1O.0 32.6 1.0 

19 96 27 2 35 63 30 5 37 23 56 1 
31.0 8.7 0.6 11.3 20.3 9.7 1.6 11.9 7.4 18.1 0.3 
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SAN NICHOLAS ISLAND, CALIFCRNIA STA93 16 

JANUARY PERIOD 1/51 THRU 12/59 

TOTAL CLOUD AVCUNT {TENTHS) 

LST C 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 .0.6 00.0 60.0 t0.0 I3.D 00.0 fl.3 fl.' 6.0 -').0 0U.$ 

4 C 
0.0 

C 
i. ' 

C 0 0 
. 0.,).0.. 0. 

0 
0 

0 
.0 

C 
).r; 

0 
n.t..n 

79'o) 

7 47 
16.5 

17 
6.e 

2A 
7t., 

21 
7.4 

15 
5.3 

19 
6.7 

8 
2.9 

22 
7.7 

25 
8.8 

18 
6.3 

73 
25.6 

285.0 

1. 64 
2p.6 

1 
5.8 

21 
6.8 

21 
6.8 

i3 
4.2 

14 
4.5 

13 
4.2 

16 
5.2 

32 
10.3 

16 
5.2 

82 
26.5 

310C.-j 

13 55 
19.1 

15 
5.2 

12 
4.2 

21 
7.3 

11 
3.8 

14 
4.9 

11 
3.8 

19 
6.6 

v0 
10.4 

17 
5.9 

83 
28.8 

288 . 

t6 55 
18.9 

2V 
6.9 

19 
6.5 

16 
5.5 

15 
5.2 

12 
4.1 

13 
4.5 

19 
6.5 

27 
9.3 

19 
6.5 

76 
26.1 

291.0 

19 C .l C 0 :) , P 

C.' 0.0 flD0 3 O't . 0 0.0 .. " 

SAN NICHOLAS ISLAND. CALIFORNIA STA93116 

JANUARY PERIOD 1/5' THRU 12/5 
° 

CLCUO TYPE 

(CLEAR) (FOG) (LO CLOUD) (PIDDLE CLCUD) (HIGH CLOUD) (VERTICAL) 

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

7 47 
16.5 

44 
15.4 

0 
7.0 

55 
19.3 

80 
28.1 

20 
7.C 

16 
5.6 

41 
14.4 

19 
6.7 

67 
23.5 

1 
-.4 

10 64 
20.6 

32 
10.3 

2 
C.6 

62 
20.n 

T9 
25.5 

3.' 
9.7 

14 
4.5 

35 
11.3 

26 
8.4 

72 
23.2 

1" 
'.0 

13 55 
19.1 

31 
10.8 

0 
0.0 

49 
17.0 

66 
22.9 

3c 
10.4 

16 
5.6 

32 
11.1 

32 
11.1 

69 
24.0 

1 
0.3 

16 55 
18.9 

30 
10.3 

0 
C.0 

41 
14.1 

61 
21.' 

31 
10.3 

16 
5.5 

28 
9.6 

39 
13.4 

85 
29.2 

0 
0.0 

9 a 
0.0 

0 
O.C 

0 
0.0 

1') 0 
0.0 0.0 

r 
I., 

0 
0.0 .. 

r2 1 
D.. 
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SAN NICHOLAS ISLAND, CALIFORNIA STA91114
 

FEBRUARY PERIOD 1/50 THRU 12/59
 

TOTAL CLOUD AMOUNT (TENTHS)
 

IST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

i 21 1, p v Q 0 n f .0'. 

D.0 o 1' O0' 0.I C.P).D 0.' .* 0.0 0.9 0.'2 r. ,j.O V.1 ".d3 ., 

G0 f . . . 0 . I .
 
Qo. 0 .~ I3.()*3 (I., u." 0.3
~ .
 

7 77 14 11 9 11 11 5 14 18 9 79 258.'­
2D.8 5.4 4.3 3.5 4.3 4.3 1.9 5.4 7.n 3.5 31.A
 

87 13 7 11 8 1" 11 1-3 19 11 91 281.':
 
31.0 4.6 2.5 3.9 2.8 3.6 3.9 4.6 6.8 3.9 32.4 

13 82 15 14 13 9 5 1.3 16 15 1) 72 264.0 
31.1 5.7 5.3 4.9 3.4 1.9 4.9 6.1 5.7 3.8 27.3
 

16 86 16 9 14 11 12 13 11 15 13 63 263.r
 
32.7 6.1 3.4 5.3 4.2 4.6 4.9 4.2 5.7 4.9 24.S
 

19 l c 1 1 1 fl . 1 a 1) 1 2.,)
r
 

0. 0.( 0. 50) 0. ) . .0 1.0 t.. 5 . 

C 2 1-022 c .0 3 11 3 143 
0.1n 0.0 3.c 0.0 O.tD 0.1.... 1iV.L' 04'. n '.0 

SAN NICHOLAS ISLAND, CALIFCRNIA STAQ3116
 

FEBRUARY PERIOD 1/5P THRU 12/59
 

CLOUD TYPE 

(CLEAR) (FOG) (LOW CLOUD) (MIDDLE CLCUDI (b-IGH CLOUD) (VERTICAL) 

LST C 1 2 3 4 5 6 7 8 9 If. 

7 77 35 0 34 60. 17 11 25 13 45 0 
29.8 13.6 C.0 13.2 23.3 6.6 4.3 9.7 5.0 17.4 (.n
 

10 87 33 1 39 61 22 14 30 16 53 1
 
31.1 11.8 0.4 13.9 21.8 7.9 5.0 10.7 5.7 18.9 0.4
 

13 82 21 0 31 67 21 14 29 24 45 0
 
31.1 8.c 0.0 11.7 25.4 8.0 5.3 11.0 9.1 17.0 0.
 

16 86 19 0 35 58 15 12 24 33 41 1
 
32.7 7.2 .0 13.3 22.1 5.7 4.6 9.1 12.5 15.6 0.4
 

19 0 1 0 1 1 fA L D0 0 0
 
0.9 50.6 0.0 53.0 50.0 o.n 0.0 0.9 .' 11: (04 
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SAN NICHOLAS ISLAND, CALIFORNIA STA93116 

MARCH PERIOD i1/5 THRU 12/59 

TOTAL CLOUD AMCUNT (TENTHS) 

LST 1 1 2 3 4 5 6 7 8 9 ll( TOTAL 

1 (1 0 Q 0 '1 ) 0 0 ) 0 °l 
0 .C 0. .0 0.0 g.L (1.0 c e.o 0.0 '.0 o.O 

4 1 
0.0 

( 
0.c 

0 
0.' 

0 
0.0 

0 
.0 

0I 
n. 1 

0 
1Cn 

( 
0 

1 
.0 

0 
(.nI.0 

0 
. 

7 67 
23.7 

14 
4.9 

20 
7. 

8 
2.8 

7 
2.5 

6 
2.1 

13 
4.6 

18 
6.4 

19 
6.7 

16 
5.7 

95 
33.6 

283.n 

IC 79 
25.5 

17 
5.5 

13 
4.2 

16 
5.2 

8 
2.6 

22 
7.1 

16 
5.2 

22 
7.1 

25 
8.1 

17 
5.5 

75 
24.2 

310.0 

13 76 20 16 19 10 13 19 19 28 16 56 292.f 
26.0 6.8 5.5 6.5 3.4 4.5 6.5 6.5 9.6 5.5 19.2 

16 94 
31.5 

13 
4.4 

23 
7.7 

17 
5.7 

IS 
9.0 

12 
4.0 

13 
4.4 

11 
3.7 

26 
8.7 

1, 
3.4 

64 
21.5 

298.t) 

19 c 
0.c 

c 
Q.C 

1 0 
(,.C 

. 
'C0-.,, 12) 

a 
.?0.°9 

a 
'c 

CI 
tJ,3. 0 9. ,. 

0 
. 

0.0 
0.0. 

22 0 0 0 0 0o 0 0 0 O.t_ 

- '--." j{ pou p ) Q.0 " Or.n gYo) n° 

SAN NICHOLAS ISLAND, CALIFORNIA STA93116 

MARCH PERIOD 1/5 TJ-tU 12/59 

CLCUD TYPE 

(CLEAR) (FOG) fLOW CLOUD) (MIDDLE CLOUD) (IIGH CLOUD) (VERTICAL) 

LST 0 1 2 3 4 5 .6 7 8 9 10 

7 67 
23.7 

33 
11.7 

0 
0.0 

66 
23.3 

79 
27.9 

36 
12.7 

18 
6.4 

33 
11.7 

20 
7.1 

49 
17.3 

1 
(1.4 

10 79 
25.5 

16 
5.2 

0 
0.0 

53 
17.1 

91 
29.4 

41 
13.2 

15 
4.8 

38 
12.3 

29 
9.4 

64 
20.6 

1 
0.3 

13 76 
26.0 

14 
4.8 

0 
0-.0 

31 
10.6 

8 
27.4 

42 
14.4 

17 
5.8 

34 
11.6 

35 
12.A 

71 
24.3 

1 
0.3 

16 94 
31.6 

14 
4.7 

3 
1.0 

26 
8.8 

68 
22.9 

32 
10.8 

17 
5.7 

26 
8.8 

34 
11.4 

66 
22.2 

2 
3.7 

19 0 
.0 

0 
0.0 

0 
C.0 

0 
o.0 

0 
0.0 

0 
O.0 

0 
0.0 

0 
0.0 

0 
0.0 

C 
0.0 

n 
C.I) 
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SAN NICHOLAS ISLAND, CALIFORNIA STA9316
 

APRIL PERIOD 1/50 THRU 12/59 

TOTAL CLOUD APOUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 0 0 A 0 0 0 1? 0 0 n 0 0.0 
0.0 0.00. 000 0.0 0.0 0 .00. .0.3 0.0 0.0 

4 0 0 0 0 0 0 0 n 0 0 0 %n 
O. 0.0 0.0 0.0 o.C 0.0 c.. O .n 0.0 O.0 %0 

7 50 7 12 12 8 6 4 9 24 15 127 274.0 
18.2 2.6 4.4 4.4 2.9 2.2 1.5 3.3 8.8 5.5 46.4 

1 63 5 19 11 17 17 12 9 23 20 104 300.0 
21.0 1.7 6.3 3.7 5.7 5.7 4.0 3.0 7.7 6.7 34.7 

13 72 14 " 18 15 14 12 17 10 21 15 75 283.0 
25.4 4.9 6.4 5.3 4.9 4.2 6.0 3.5 7.4 5.3 26.5 

16 76 9 le 16 12 10 12 17 25 13 59 267.0 
28.5 3.4 6.7 6.0 4.5 3.7 4.5 6.4 9.4 4.9 22.1 

19 0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 0.0 

0 
0.0 

0 
0.0 

1 
.0 

0.0 

22 0 
0.0 

0 
0.0 

0 
0.0 

0 
O. 

0 
0.0 

0 
0.0 

0 
0o(* 

0 
0.r 

Q 
0.0 

0 
v 2 

0 
0. 

0.0 

SAN NICHOLAS ISLAND, CALIFORNIA STA93116 

APRIL PERIOD 1/50 THRU 12/59 

CLOUD TYPE 

(CLEAR) (FOG) (LOW CLOUD) (PIDDLE CLCUD) (FIGH CLOUD) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 50 52 0 54 104 28 12 25 11 23 P 
18.2 19.C 0.0 19.7 38.0 10.2 4.4 9.1 4.0 8.4 0.0 

10 63 30 0 52 139 30 13 23 16 39 0 
21.0 10.0 0.0 17.3 46.3 10.0 4.3 7.7 5.3 13.0 n.0 

13 72 13 0 34 132 37 12 23 20 35 0 
25.4 4.6 0.0 12.0 46.6 13.1 4.2 8.1 7.1 12.4 Q.0 

16 76 13 0 46 94 31 9 16 20 43 0 
28.5 4.9 0.0 17.2 35.2 11.6 3.4 6.0 7.5 16.1 0.0 

19 0 0 0 0 0 0 0 0 0 0 0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.n 0.0 0.0 
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SAN NICHOLAS ISLAND. CALIFORNIA 5TA93116 

'AY PERIOD 1/50 TEIRU 12/59 

TOTAL CLOUD ANCUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 Il
i 

TOTAL 

I C 0 0 6 0 0 c 0 0 0 0 '.0 
v.. 'oO 0.0 0.0 OS. 0.0 o.p 0.0 0.0 o0. 0.0 

4 
0}, 

0G.' a. 0.C 
p1Q na.0 00.

r 4 q~). f 0D.') 0°1. 0'o.r 0.9 

7 53 12 11 13 10 8 7 13 19 13 151 310.2 

17.1 3.9 3.5 4.2 3.2 2.6 2.3 4.2 6.1 4.2 48.7 

1.. 62 15 18 17 14 12 12 16 25 12 107 31fl.Cf 

2;.0 4.8 5.8 5.5 4.5 3.9 3.9 5.2 6.t 3.9 34.5 

13 87 19 17 22 12 13 11 22 25 15 67 310.0 

28.1 6.1 5.5 7.1 3.9 4.2 3.5 7.1 8.1 4.8 21.6 

16 60 16 9 15 10 8 3 9 15 .7 35 187.C 

32.1 8.6 4.8 8.0 5.3 4.3 1.6 4.8 8.0 3.7 18.7 

19 0 
0.0 

0 
0.0 

0 
0.0 O.4 

0 P 
0.1 

0 
0.0 

£1 
0. 9 

3 
C.1) 

") 
.-

') 
. 1 

2. 
,1 

22 0 v I 0 0 ' 1 ' P 0 0.0 

SAN NICHOLAS ISLAND, CALIFCRNIA STAQ3116 

MAY PERIOD 1/-1 THRU 12/59 

CLOUD TYPE 

(CLEAR) (FOG) (LOW CLOUD) (MIDDLE CLCUD) (HIGH CLOUD) (VERTICAL) 

L.ST 0 1 2 3 4 5 6 7 8 9 10, 

7 53 57 0 94 107 21 5 14 7 36 0 
17.1 18.4 0.0 30.3 34.5 6.8 1.6 4.5 2.3 11.6 0,0 

10 62 
20.0 

38 
12.3 

0 
0.0 

92 
29.7 

120 
38.7 

31 
10.0 

4 
1.3 

19 
6.1 

13 
4.2 

42 
13.5 

1 
0.3 

13 87 14 0 89 98 32 8 21 15 44 2 

28.1 4.5 0.0 28.7 31.6 10.3 2.6 6.5 4.8 14.2 f6 

16 60 
32.4 

in 
5.4 

0 
0.0 

46 
24.9 

46 
24.9 

15 
8.1 

5 
2.7 

11 
5.9 

8 
4.3 

33 
17.8 C.0 

19 0 
4.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0 .O 

0 
).0 

0 
0.0 

D 
0.0 

i 
0.1 

0 
0. 

n 
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SAN NICHOLAS ISLAND, CALIFORNIA STA93116 

JUNE PERIOD 1/5n THRU 12/59 

TOTAL CLOUD AMOUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 0 0 0 0 0 0 o 0 0 3 0 '.0 
0.0 0.0 0.0 0.0 0. n V. O' C.t.. dr. 

n 
('Q 

4 0 a 0 0 0 b 0 0 0 ' 0.0 
0.0 0.0 q.0 0.1 U.U0 C.) c.1) : . ., 1. ).­

7 79 9 7 11 3 9 5 15 8 1;0 153 30 . 
23.3 3.0 2.3 3.7 1.0 3.0 1.7 5.C 2.7 3.3 51.1 

10 86 2n 11 11 8 IJ 9 13 14 16 1"2 3 C3.­
28.7 6.7 3.7 3.7 2,7 3.3 3. 

" 
) 4.3 4.7 5.3 34.t 

13 115 le 22 14 10 9 12 14 18 13 55 30,j. 
38.3 6.C 7.3 4.7 3.3 3.0' 4.0 4.7 6.1 4.3 18.3 

16 95 15 20' 9 5 8 it 9 5 6 28 211.0 
45.0 7.1 9.5 4.3 2.4 3.8 5.2 4.3 2.4 2.8 13.3 

19 0 C 0 0 0 5 0 ) 0 3 1 1.n 
0.11 0. 0.0 0. 0.? u.. " 

3.r "j. 1.J $°l 1.) 

22 ' 0 - 0 0 0 C C C ) 

0.0 o.C 0.0 O.fl .'1.) .c 0.'1 .0 1.1 ZA 2. 

SAN NICHOLAS ISLAND, CALIFORNIA STA93I16 

JUNE PERIOD 1/50 THRU 12/59 

CLOUD TYPE 

(CLEAR) (FOG) (LOW CLOUD) (MIDDLE CLOUD) ([IGH CLOUC} (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 70 77 0 105 83 13 1 3 6 16 0 
23.3 25.7 0.0 35.0 27.7 4.3 n.3 1. 2.r, 5.3 (1.0 

10 86 29 C 108 92 19 2 13 5 20 0 
28.7 9.7 0.0 36.0 30.7 6.3 0.7 4.3 1.7 6.7 0o0 

'13 115 12 0 88 80 21 4 13 8 16 0 

38.3 4.0 0.0 29.3 26.7 7.C 1.3 4.3 2.7 5.3 0.0 

16 95 7 0 47 46 12 4 10 6 18 0 

45.0 3.3 0.0 22.3 21,.8 5.7 1.9 4.7 2.8 8.5 0.9 

19 0 0 0 1 0 n 0 0 0 0 0 
0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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SAN NICHOLAS ISLAND, CALIFORNIA STA93136
 

JULY PERIOD 1/50 THRU 12/59
 

TOTAL CLOUD AMOUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0) 
0.0 

'3 

P.A 
2 

0.0 
3 

0.0 
0 

0.0 
3.0 

4 0 c 0 0 0 0 D 0 0 0 1 1.0 
0.0 O.C 0.0 0.9 0.0 0.0 0.0 0.0 ('.0 0.0 1O.0 

7 46 4 6 8 6 3 7 4 6 13 207 310.0 
14.8 1.3 1.9 2.6 1.9 I. 2.3 1.3 1.9 4.2 66.8 

10 66 17 22 23 7 9 5 ii 17 12 121 31C.0 

21.3 5.5 7.1 7.4 2.3 Z.9 1.6 3.5 5.5 3.9 39.0 

13 102 25 33 22 13 12 8 16 22 15 42 310.t 
32.9 8.1 10.6 7.1 4.2 3.9 2.6 5.2 7.1 4.8 13.5 

16 101 
45.3 

13 
5.8 

28 
12.6 

12 
5.4 

6 
2.7 

5 
2.2 

5 
2.2 

13 
5.8 

11 
4.9 

9 
4.0 

2) 
9.( 

223.A 

19 4 2 2 0 1 1 2 3 1 0 7 23.n 
17.4 8.7 8.7 0.4 4.3 4.3 8.7 13.0 4.3 GA 30.4 

22 0 0 0 0 p 0 0 D 0 5) 0.0 
0.*0 00--4-4-0 C0 

SAN NICHOLAS ISLAND, CALIFCRNIA STA93116 

JULY PERIOD 1/50 THRU 12/59 

CLOUD TYPE 

(CLEAR) (FOG) (LOW CLOUD) (PIDDLE CLOUD) (HIGH CLOUD) (VERTICAL) 

LST 0 1. 2 3 4 5 6 7 8 9 10 

7 46 
14.9 

120 
38.2 

0 
0.0 

15n 
48.5 

29 
9.4 

4 
1.3 

( 
0.n 

21 
6.8 

4 
1.3 

9 
2.9 

0 
0.0 

10 66 
21.3 

54 
17.4 

0 
0.0 

164 
52.9 

52 
16.8 

5 
1.6 

0 
0.0 

29 
q.4 

4 
1.3 

21 
6.8 

0 
0.0 

13 102 
32.9 

25 
8.1 

0 
0.0 

125 
40.3 

56 
18.1 

9 
2.9 

4o 
1.3 

28 
9.0 

4 
1.3 

29 
Q.4 

0 
0.0 

16 101 
45.3 

20 
9.0 

0 
0.0 

71 
31.8 

27 
12.1 

6 
2.7 

3 
1.3 

21 
9.4 

4 
1.8 

19 
8.5 

0 
C.0 

19 4 
17.4 

3 
13.0 

0 
0.0 

ti 
47.8 

0 
0.0 

0 
O.0 

1 
4.3 

2 
8.7 

1 
4.3 

5 
21.7 

0 
0.0 
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SAN NICHOLAS ISLAND, CALIFORNIA STA93116
 

AUGUST PERIOD 1/50 THRU 12/59
 

TOTAL CLOUD AMOUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 EI TOTAL 

1 1 0 ) 0 n 0 1 0 C 0 2.0 
50.0 0.1 t).G r.0 0.7 .0n S.O 50.0 t.0 0.0 .0 

4 1 
50." 

0 
0.0 

0 
0.' 

0 
0.f 

V' 
0." 

I 
I.-

1 
q.) 

0 
.() 

1,* 
50.0 '.a I,, 

2.0 

7 20 5 7 11 6 2 5 6 17 7 21 31t4' 
9.4 1.6 2.3 3.5 1.9 r..6 1.6 1.9 5.5 2.3 69.4 

10 52 
16.8 

20 
6.5 

2f 
6.5 

26 
8.4 

Ii 
3.2 

6 
1.9 

12 
3.9 

15 
4.8 

'P 
6.5 

13 
4.2 

116 
37.4 

31,.f 

13 83 35 27 31 12 23 13 19 21 13 33 31".0 
26.8 11.3 8.7 I0.0 3.9 7.4 4.2 6.1 6.8 4.2 15.6 

16 81 27 24 14 13 4 12 i0 14 6 26 231.6 
35.1 11.7 16.4 6.1 5.6 1.7 5.2 4.3 6.1 2.6 11.3 

19 2 
8.3 

5 
20.8 

2 
8.3 

1 
4.2 

2 
8.3 n.0 

11 
4.? 

0 
0.0 

0 
5.0' 

0 
0.0 

11 
45.8 

24.n 

22 1 
50.0 

0 
0.0 

C 
0.0 

') 
0.C 

0 
0.0 

0 
Q.c ( 

0 C 
'.' 

' 
f .§ 

1 
u.0 

1 
5n. 

" 2.0 

SAN NICHOLAS ISLANO, CALIFCRNIA srA93116 

AUGUST PERIOD 1/50 THRU 12/5Q 

CLOUD TYPE 

(CLEAR) (FOG) (LOW CLCUD) (MIDDLE CLEUO) (HIGI CLOUD) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 it) 

7 29 115 0 165 50 7 3 26 5 8 0 
9.4 37.1 0.0 53.2 16.1 2.3 1.0 8.4 1.6 2.6 O.C 

10 52 37 0 176 52 iC 3 33 9 17 0 
16.8 11.9 0.0 56.8 16.8 3.2 1.0 IG.6 2.9 5.5 0.0 

13 83 17 0 146 58 13 3 28 10 27 0 
26.8 5.5 0.0 47.1 18.7 4.2 1.0 9.0 3.2 8.7 0.0 

16 81 7 0 90 37 9 3 23 11 20 0 
35.1 3.0 0.0 39.0 16.0 3.9 1.3 3n.0 4.8 8.7 D.0 

19 2 6 0 11 1 1 0 4 0 2 0 
8.3 25.0 0.0 45.8 4.2 4.2 0.0 16.7 C.0 8.3 o.n 
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0

STA 3116


SAN NICHOLAS ISLAND, 	CALIFORNIA 


PERIOD 	 1/50 THRU 12/59
SEPTFYPER 


TOTAL CLOUD AFOUNT 	(TENTHS)
 

6 7 8 9 1
I TOTAL
3 5
LST i 2 4 

0 0 0 0 '0 e C.1I v C 

jt ' C0; .r P.:1 
 0 	 0. 02) nS) ).CCI 

A 0 C O.p0 C 0
4 0 r 

'. . 01.0 P .Q 0.0 0.1' C.' C. 1 0.' Q." i.. 

4 8 11 9 I0 138 295.)
78 11 12 9 	 57 

3.7 3.4 46.84.1 	 1.7 1.4 2.7 3.1 


13 8 299.0
 

26.4 3.7 3.1 


1 95 24 18 16 9 113 	 12 5 17 

5.4 3.n 3.3 4.- 1.7 5.7 4.3 26.8

31.8 	 8.0 6.r. 


11 i 35 298."
18 15 10 8 	 9 161B 14r. 26 

3.L- 5.4 3.7 3.4 11.75.0 	 2.7 

4 8 5 9 10 4 24 226.n 

47.0 8.7 6.0 	 3.4 


16 123 15 12 12 

4.0 1.8 10.6
5.3 	 1.8 3.5 2.2 4.4 

0 0 0 t,.9 

54.4 6.6 	 5.3 


0 0 r n 


,1.0 0.0 0.9 0.0 C. 0.0 0..) 3.0 n.' o.0 0.0
 

II 0 0 fl 0' '1 C 0
 
02 O.c 0.0 0.r.o.r r.o1 n.G ;.I . .
 

19 C 0 	 C 

STAq3116

SAN NICHOLAS ISLAND, CALIFORNIA 


PERIOD 1/5O THRU 12/59

SEPTEMBER 


CLOUD TYPE
 

(FOG) (LOW CLOUD) (mID0LE CLCUD) (HIGH CLOUI) (VERTICAL)

(CLEAR) 


7 9 1C
2 4 5 6 B
LST 0 1 3 

7 78 75 0 101 54 7 4 30 2 9 0
 

26.4 	 25.4 0.0 34.2 18.3 2.4 1.4 10.2 0.7 3.1 0.0 

0 75 9 8 529 11 1)
10 95 	 26 97 


9.7 3.7 0.)0.0 25.1 3.0 2.7 1.7
31.8 8.7 32.4 


13 140 	 15 0 67 62 - 9 3 25 8 11 1
 

3.0 8.4 2.7 3.7 q.3
47.0 	 5.0 0.0 22.5 20.8 1.0 

5 20 5 9 1 
16 123 	 10 0 52 32 4 

8.8 4.0 0,4
0.0 14.2 1.8 2.2 2.2
54.4 4.4 23.0 


0 0 0 1) 0 0 0 
19 ( 0 0 

p1.00.r 0.0 0.0 	 0. 0 0.0 0.0 0.ocoo.n 0.0 
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SAN NICHOLAS ISLAND. CALIFCRNIA STA9316
 

OCTOBER PERIOD 115C THRU 12/59 

TOTAL CLOUD APOUNT (TENTHS) 

LST 1 2 3 4 5 6 7 8 9 17 TOTAL 

i 0.° 0 On 0 q0 1 0 C .0 o.c 

tJ)t 01.0 0.n 04' n.' 0.-- C...Wt: P. 

4 o 0 r, a 1 I 
C. )Xc 0.0 0.0 1.0 'J.0 0.1 .0 C o o.11 11.q 

7 81 6 11 9 4 7 8 9 i8 14 115 282. 
28.7 2.1 3.9 3.2 1.4 Z.5 2.8 3.2 6.4 5.c 4'.8 

1- 113 17 8 16 7 15 9 17 21 11 76 31C.U 
36.5 5.5 2.6 5.2 2.3 4.8 2.9 5.5 6.8 3.5 24.5 

1, 124 16 23 9 12 i0 17 13 18 12 47 30147 
41.2 5.3 7.6 3-3 4., 3.3 5.6 4.3 6-) 4. 15.6 

16 136 13 22 12 14 9 5 7 16 13 51 298.0 
45.6 4.4 7.4 4.0 4.7 3.! 1.7 2.3 5.4 4.4 17.1 

iq 
.3.) 0.0. O)~f 0. '),Q l* 

3 
C 

c 
t 

l 
t 

" 
*.?3.* '1 

0.0 

22 00 
O.C 0.0 

0 
0.0 

0 ' - 5 
O.o 5.0 r.j 5.r $.0.0 

0 
0.0 

0.0 

SAN NICHOLAS ISLAND, CALIFORNIA STA93116 

OCTORER PERIGo 1/50 THRU 12/59 

CLOUD TYPE 

(CLEAR) (FCGI (LOW CLCUD) (MIDDLE CLOUD) (hIGH CLOUD) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 I1 

T 81 78 0 69 55 7 4 24 8 21 0 
28.7 27.7 C.0 24.5 19.5 2.5 1.4 8.5 2.8 7.4 0.0 

in 113 34 C. 84 64 8 6 26 14 28 0 
36.5 11.0 l.' 27.1 2n.6 2.6 1.9 8.4 4.5 9.0 0.0 

13 124 15 0 61 58 15 11 23 21 32 0 
41.2 5.0 0.0 20.3 19.3 5.0 3.7 7.6 7.0 10.6 

16 136 22 0 65 49 9 10 28 16 3; p 
45.6 7.L 0.) Z1.8 16.4 3.0 3.4 9.4 5.4 15.1 ' ' 

19 n V. 0 0 0 1' C 0 1 
0.0 0o 0.0 0.0 0.0 .1.10 0.0 0. C.p I. G., 
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SAN NICHOLAS ISLAND, CALIFORNIA STA93116
 

NOVEMBER PERIOD 1/50 THRU 12/59 

TOTAL CLOUD AOUNT (TENTHS) 

LST 0 1 2 3 4 5 6 7 8 9 10 TOTAL 

1 0 0 0 0 0 0 0 n 0 3 0 0.0 
0.0 O.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 

4 0 
0.0 

0 
0.0 

0 
0.c 

0 
0.0 

0 
0.' 

0 
0.0 

0 
0. 

0 
..1 

0 
O.3 

p 0 
0.p0o.c 

0.0 

7 106 17 11 16 8 in 12 11 15 9 65 280.0 
37.9 6.1 3.9 5.7 2.9 3.6 4.3 3.9 5.4 3.2 23.2 

10 114 24 13 20 10 11 15 9 23 16 45 300.0 
38.0 8.0 4.3 6.7 3.3 3.7 5." 3.0 T.7 5.3 15.0 

13 120 28 23 12 13 6 11 12 24 Io 31 290. 
41.4 9.7 7.9 4.1 4.5 2.1 3.8 4.1 8.3 3.4 lu.7 

16 127 28 17 13 10 8 11 8 17 9 41 289.0 
43.9 9.7 5.9 4.5 3.5 2.8 3.8 2.8 5.9 3.1 14.2 

19 0 c 0 0 0 0 a 0 0 C I 1.1 
0.0 0.0 ).3 0.0 0.0 0.0 0.0 (.q 0.0 0.0 100.0 

22 0 0 0 n 0 11 3 0 0 0 0 

a-'c'0 ~soor~m. 0r 0. 0 N .A 0.13 

SAN NICHOLAS ISLAND, CALIFORNIA STA93116 

NOVEMBER PERIOD 1/5P THRU 12/59 

CLOUD TYPE 

(CLEAR) (FOG) (LOW CLOUD) (MIDDLE CLCUD) (FIC CLOUD) (VERTICAL) 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 106 44 1 64 40 9 19 32 9 5 0 
37.9 15.7 0.4 22.9 14.3 3.2 6.8 11.4 3.2 17.9 0.0 

10 114 18 0 65 44 13 15 39 12 63 0 
38.1 6.0 C.0 21.7 14.7 4.3 5.0 13.0 4.0 21.1 0.0 

13 120 10 0 43 44 16 15 38 16 56 0 
41.4 3.4 0.0 14.8 15.2 5.5 5.2 13.1 5.5 19.3 0.0 

16 127 9 0 50 33 7 15 37 17 57 1 
43.9 3.1 0.0 17.3 11.4 2.4 5.2 12.8 5.9 19.7 0.3 

19 0 0 0 1 0 0 0 0 0 0 0 
0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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SAN NICHOLAS ISLAND, CALIFORNIA STA93116 

DECEMBER PERIOD 1/50 THRU 12/59 

TOTAL CLOUD AMOUNT (TFNTHS) 

LST 11 2 3 4 5 6 7 8 9 1) TOTAL 

I t1 0 0 n 0 0 C c 0 I r 0.c 
0.0 n.0 0.9 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 

4 1 0 0 0 0 0 0 ) 0 a 0 1.0 
l.e.c o.C 0.0 0.0 0.0 0.0 0.0 0.0 n.0 0.0 0.0 

7 87 12 15 20 13 13 7 19 38 16 71 291.0 
29.9 A.1 5.2 6.9 4.5 4.5 2.4 6.5 6.2 5.5 24.4 

IV 95 14 20 10 18 14 9 17 22 19 72 310.0 
30.6 4.5 6.5 3.2 5.8 4.5 2.9 5.5 7.1 6.1 23.2 

13 94 17 19 21 I 12 10 L5 21 16 65 300.0 
31.3 5.7 6.3 7.0 3.3 4.0 3.3 5.0 7.0 5.3 21.7 

16 I4 21 17 10 11 7 6 15 11 2-1 76 298.0 
34.9 7.0 5.7 3.4 3.7 2.3 2.0 5.0 3.7 6.7 25.5 

19 0 0 0 0 0 0 1 C 0 n U.­
0.0 O.C o'.0 0.0 0.' o.c P.0 0.0 0.0 0. 0.0) 

22 0 0 0 0 00 A 0 43 0.0 
0.1 0.0 0.0 0.0 o.0 0.0 D..) 0.0 6.0 0.0 0.0 

SAN NICHOLAS ISLAND, CALIFORNIA STA93116 

DECEMBER PERIOD 1/50 THRU 12/59 

CLOUD TYPE 

(CLEAR) fFOG) (LOW CLOUD) (MIDDLE CLCUD) (HIGH CLOUD) (VERTICALI 

LST 0 1 2 3 4 5 6 7 8 9 10 

7 87 45 0 68 46 6 18 41 23 56 0 
29.9 15.5 0.0 23.4 15.8 2.1 6.2 14.1 7.9 19.2 O.0 

10 95 35 0 73 52 14 18 36 28 67 0 
30.6 12.6 0.0 23.5 16.8 4.5 5.8 11.6 9.0 21.6 0.0 

13 94 27 0 56 55 19 19 35 25 75 0 
31.3 9.0 0.0 18.7 18.3 6.3 6.3 11.7 8.3 25.0 0.0 

16 104 31 1 51 46 5 21 28 25 76 0 
34.9 10.4 0.3 17.1 15.4 1.7 7.0 9.4 8.4 25.5 On 

19 0 0 0 0 0 0 0 0 0 0 0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.0 0.0 0.0 
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CUMULATIVE PROBABILITY LISTINGS 

Composite of: San Clemente 

San Diego
 

San Nicholas
 

(5-Year Record) 
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JANUARY 

Local Cloud Amount 
Standard 

Time 0 1 2 3 4 5 6 7 8 9 10 

0700 Z9 36 43 47 5Z 55 59 64 72 77 100 

1000 32 37 41 46 48- 53 59 64 71 80 100 

1300 34 39 43 48 53 58 64 70 76 83 100 

16oo 32 39 45 50 55 60 65 70 77 84 100 

1900 39 46 53 61 68 71 74 77 83 87 100 

FEBRUARY 

Local Cloud Amount 
Standard 

Time 0 1 2 3 4 5 6 7 8 9 10 

0700 30 36 41 46 50 5Z 57 60 68 74 100 

1000 Z7 33 38 41 45 53 56 61 66 75 100 

1300 30 36 41 47 51 54 59 66 73 81 100 

1600 30 36 43 47 53 58 61 66 74 80 100 

1900 38 45 51 55 59 65 69 75 78 82 100 

MARCH 

Local Cloud Amount 
Standard 

Time 0 1 2 3 4 5 6 7 8 9 10 

0700 20 27 33 38 43 46 52 58 67 74 100 

1000 18 Z6 32 38 43 46 52 60 69 79 100 

1300 20 30 37 43 48 53 '62 70 77 83 100 

1600 21 30 37 43 49 53 58 67 75 82 100 

1900 20 Z7 35 41 45 50 56 65 77 83 100 
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APRIL 

Local Cloud Amount 
Standard 

Time 0 1 2 3 4 5 6 7 8 9 10 

0700 19 Z4 Z7 33 36 41 44 50 57 67 100 

1000 23 30 34 41 45 49 55 63 71 78 100 

1300 28 36 41 47 52 57 62 69 76 83 100 

1600 Z8 34 42 47 53 58 63 67 73 83 100 

1900 24 33 39 43 46 52 57 64 71 75 100 

MAY 

Local Cloud Amount 
Standard 

Time 0 1 2 3 4 5 6 7 8 9 10 

0700 11 14 18 zo Z3 26 30 3; 41 49 ]fIQ 

1000 15 23 27 30 34 39 46 51 58 67 100 

1300 Z4 33 38 44 49 53 58 64 72 81 100 

1600 Z5 32 39 44 51 56 62 68 74 80 100 

1900 10 z1 Z9 32 38 43 47 53 59 66 100 

JUNE 

Local Cloud Amount 
Standard 

Time 0 1 2 3 4 5 6 7 8 9 10 

0700 4 6 7 8 10 1z 14 17 z0 z6 100 

1000 12 17 21 24 25 29 31 36 41 46 100 

1300 Z0 z6 31 35 40 45 49. 55 61 65 100 

1600 z1 3Z 38 44 48 51 55 62 68 73 100 

1900 11 19 25 29 33 37 41 45 49 56 100 
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JULY 

Local Cloud Amount 
Standard 

Time 0 1 z 3 4 5 6 7 8 9 10 

0700 6 7 8 10 11 12 14 15 23 30 100 

1000 16 z1 Z6 31 35 39 43 47 54 63 100 

1300 z6 37 45 51 58 65 70 76 82 87 100 

1600 32 41 51 55 61 67 72 76 83 90 100 

1900 16 27 34 40 43 48 53 57 66 73 100 

AUGUST 

Local Cloud Amount 
Standard 

Time 0 1 Z 3 4 5 6 7 8 9 10 

0700 7 10 12 14 16 18 20 24 29 39 100 

1000 18 25 31 38 43 47 52 56 63 69 100 

1300 30 40 51 58 63 69 73 78 83 88 100 

16oo 33 44 52 61 64 69 73 79 85 90 100 

1900 17 25 35 41 46 53 58 66 7Z 77 100 

SEPTEMBER 

Local Cloud Amount 
Standard 

Time 0 1 z 3 4 5 6 7 8 9 10 

0700 16 21 Z4 27 29 31 35 38 44 49 100 

1000 24 33 37 44 49 52 55 59 65 71 100 

1300 35 47 54 59 64 68 70 75 80 86 100 

1600 43 58 63 67 70 7Z 76 79 84 88 100 

1900 33 39 49 55 61 65 70 74 78 82 100 
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OCTOBER 
Local Cloud Amount 

Standard 
Time 0 1 Z 3 4 5 6 7 8 9 10 

0700 23 30 33 36 39 4Z 46 49 54 61 100 

1000 27 33 37 43 47 50 55 60 68 74 100 

1300 31 39 44 52 57 60 65 71 77 86 100 

1600 34 4Z 49 55 59 64 66 70 77 83 100 

1900 37 42 47 52 59 63 68 72 78 80 100 

NOVEMBER 

Local Cloud Amount 
Standard 

Time 0 1 Z 3 4 5 6 7 8 9 10 

0700 ~~ ~ 4u 45 49 52 55 63 71 100 

1000 22 28 36 41 44 50 54 61 66 74 100 

1300 Z3 30 37 42 47 52 56 61 68 75 100 

1600 24 31 39 43 49 54 58 62 69 78 100 

1900 34 39 47 51 57 61 65 69 73 75 100 

DECEMBER 

Local Cloud Amount 
Standard 
Time 0 1 2 3 4 5 6 7 8 9 10 

0700 19 26 31 39 45 48 52 58 65 69 100 

1000 21 27 32 41 45 49 5z 57 65 75 100 

1300 19 25 32 37 44 49 54 60 69 79 100 

1600 21 26 31 38 43 48 53 58 66 76 100 

1900 Z6 37 45 50 55 59 64 69 74 78 100 
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MORNING AND AFTERNOON 

CUMULATIVE PROBABILITY GRAPHS 

Composite of: San Clemente 

San Diego
 

San Nicholas
 

(5-Year Record) 

Prepared for 

Scripps Institute of Oceanography 

by 
Allied Research.Associates, Inc. 
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COMPARISONS BETWEEN SATELLITE-OBSERVED AND
 

GROUND-OBSERVED CLOUD COVER FOR TIIE
 

SOUTHERN CALIFORNIA COASTAL AREA
 

Prepared by
 

Allied Research Associates, inc.
 

Concord, Massachusetts
 

for 
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under 
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ALLIZO RESEARCH ASSOCIATES. INC 

Introduction 

Under Contract No. P. 0. 706-30108-0, a Southern California Cloud 

Climatology has been developed, based largely upon conventional ground observations 

of cloud-amount and cloud-type. The results of this study have been submitted 

previously. They include­

1) Computer listings of cloud amount and cloud type for the San 

Clemente, San Diego, and San Nicolas stations. 

2) Cumulative probability listings of cloud amount for the three 

combined stations for a 5-year period of overlap. 

3) Cumulative probability graphs of cloud (and cloud-free) amount 

for the three combined stations at mid-morning and mid-afternoon. 

Because these data are eventually to be used to estimate the probabilities.of 

having a clear line of sight to the surface from a satellite camera, however, 

this report discusses potential discrepancies between satellite and ground 

observed cloud amounts for the Southern California coastal area. 

Cloud Climatology Summary 

The Southern California coastal area is basically a Desert Marine 

climate with predominantly stratiform cloudiness having small seasonal 

but large diurnal variations in cloud amount. The small seasonal variations 

in the cloud-amount frequency distributions at 1300 LST may be seen in Table 1. 

These data represent a 5-year composite (1961 through 1965) from the San 

Clemente, San Diego and San Nicolas stations. The diurnal variations are the 

smallest during the winter months, and reach their maximum in July. Figure 1 

shows the cumulative probabilities of clear-sky amount for 0700 and 1600 LST for 

the three-station composite in July. Note, for example, that at 0700 there is 

only a 12%, chance of a less than 50% cloud cover, while by 1600 this has 

increased to a 67% chance. 

From Table 1 the strong U-shaped characteristics of the frequency dis­

tributions of cloud amount may be noted. This is typical of areas with pre­

dominant stratiform cloudiness where totally clear or overcast conditions pre­

dominate. Figure 2 represents a mean annual cloud-amount frequency dis­

tribution for the combined stations at 1300 LST. Again, the U-shaped charac­

teristics are very evident. 
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. TABLE 1 

MONTHLY CLOUD-AMOUNT 'FREQUENC Y DISTRIBUTIONS 
AT 1300 LST (in %)'FOR SOUTHERN CALIFORNIA 

COASTAL AREA 

CLOUD AMOUNT 

0 Z 3 11 9 10 

Jan 34 5 4 5 5 5 6 6 6 7 17 

Feb 30 6 5 6 4 3 5 7 7 8 19 

Mar Z0 10 7 6 5 5 9 8 7 6 17 

Apr 28 8 5 6 5 5 5 7 7 7 17 

-- May- - _-- --9 5 -- 6- 5 4 65- 8 9- 9 

Jun Z0 6 5 4 5 5 4 6 6 4 35 

Jul 26 11 8 6 7 7 5 6 6 5 13 

Aug 30 10 11 7 5 6 4 5 5 5 12 

Sep 35 12 7 5 5 4 2 5 5 6 14 

Oct 31 8 5 8 5 3 5 6 6 9 14 

Nov 23 7 7 5 5 5 4 5 7 7 25 

Dec 1,19 6 7 5 7 5 5 6 9 10 1z 
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Fig. I Cumulative Distributions of Clear-Sky Amounts for July 
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EALLIED RESEARCH A5OCIATE5. INC 

Throughout, both the cloud-amount and cloud-type data were quite similar 

from the three selected stations, indicating a relatively homogeneous cloud 

climatic region. (This area had in fact been designated as a separate cloud 

climatic category in a previous ARA study in which 29 cloud climatic regions 

were defined on a global basis, Reference 1. ) Figure 3 shows cloud-amount 

frequency distributions for the three selected stations. These curves *were 

drawn from a 10-year record (not simultaneous), and represent the 1000 LST 

distributions for the month of March (one of the times and month chosen at 

random for comparison). The greatest discrepancy occurs in the clear-sky 

category for the Ssn Nicolas station, although this may be due in part to the 

different time frame of the San Nicolas data. 

The predominance of stratiform cloudiness may be seen by examining 

the cloud-type computer listings mentioned as Item 1 in the Introduction. 

With reference to low cloudiness in particular, Table 2 presents the percentages 

of low stratiform cloudiness relative to all low cloudiness. (Due to the observer's 

inability to see higher levels of cloudiness in the presence of low overcasts, 

the 	statistics for the middle and high cloudiness are considerably less reliable. 

As might be expected, the stratiform cloudiness reaches. its peak in the early 

morning of the summer months. The island stations generally report more 

stratiform cloudiness than does San Diego. 

As will be seen in the next section, the U-shaped distribution of cloud 

amounts plus the stratiform nature of the cloudiness is nearly ideal for close 

satellite/ground cloud-amount comparisons. 

Satellite/ Ground Cloud-Amount Comparisons 

Estimates of the amount of cloud cover as observed from the ground and 

from a satellite generally differ. In certain circumstances these differences 

are 	considerable. There are several reasons that may account for these 

differences: 

1 ) 	 Small cumulus clouds may not be resolved in the satellite pictures. 

The satellite photograph may show an area as being clear when a 

small percentage of the sky is actually cloud covered. (Current 

cameras have a 2 to 5 n. mi. resolution capability. 
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TABLE Z 

PERCENTAGES OF LOW STRATIFORM CLOUDINESS 

0700 1600 0700 1Daytime 
Station annual annual July annual 

San Diego 86 72 100 78
 

San Nicolas 91 87 98 89
 

All 88 80 99 84
 

110 



.__ - __"- . F . . .. T -- -- 2 	 1 

___4_ 	 an Die menf 
__.--t- :=., _ 	 lon. .-- ,L _..-. J o/s : . ­ 2--

.. . .. 	 ...... I fI~1 ! 
... . ._---_. .._ . . . .. I . . . . . . . - IJ -.-­.. 	 .. 

... . . .. . .. I-. . I~ ... ... .... .. . . .. .=1 
_ 

-- : -
F. -- 2 t ";- z .:L-:I _ _'":.. ,="- il 

FI 	 ! ,--." :-
-F
 

........ 'l i t:: ______ 
l -:-LE."'---=l'm 	 _- . .-t.< - -- .. - "I---- ;t-iij:: ' 	 "- .... 
_._-	 A- .- ,-- -7-7_ - "_-.x ...I ... I " ­

---.!1... - . "=-. .._ . . ... .. . . . , ----­

.. _-_I--:- ,-...O- -- -7... 

_-="--= -- . .- . .. -­

8-~'_.. :-.]:_,5"- - 6-
_- . .... - . :­

'- ..... ... .	 I lW]J::' ... . . I 	 . . .
 
.... f T1 *" ... __ I--_" 

=-'I. - :- - I . 

-_____T-._ 	 _ i t =.- ; I-_ .­__ 	 /.:= ,.. :___.'_ : " _-'­
1 ---J - - - - _.\- ..... I-- .. : .'- "- ":I-_ _:::. 

A...F i-	 -' 
Fig- 3-March 1000 LST Cloud A=n-- -' Fr q- nc Distribution 

" .._2 ... . . .. . .. 	 . .. ,.. . .. 



ALLIED RESEARCH ASSOCIATES. INC. 

2) The poorest overall agreement between satellite and surface 

observations of cloud amount occurs in the presence of cirrus­

type cloudiness. A thin cirrus overcast noted by a ground observer 

may be completely negligible when determining clear line of sight 

probabilities from spacecraft altitudes. 

3) Because half the sky dome, over which an observer integrates to 

get total sky cover, is less 'than 300 above the horizon, the 

observer's view is often blocked more by the sides of the clouds 

than by their bases. The result is an overestimation of cloud cover 

on the part of the ground observer, particularly in the presence of 

cumuliform cloudiness. 

The net result of all of the above considerations is that the cloud amounts 

as determined by ahalyses of ground-based data sources will tend to be overly 

pessimistic in establishing clear lines of sight. The remaining question is the 

magnitude of the error, particularly for the Southern California area. 

By-revi-ewiy-thmlist or reasons above it can be seen that the discrepancies 

should be minimal for the Southern California area. The stratiform nature of the 

predominant cloudiness eliminates many of the problems involving both inadequate 

satellite camera resolutions and the tendency of ground observers to overestimate 

cloud amount due to the vertical structure of the cloudiness. Additionally, past 

studies (Reference 2) show that satellite/ground correlations are best when the 

reported cloud amount is "less than four or greater than seven tenths sky cover." 

The strong U-shaped cloud-amount distributions of the Southern California area 

cause over 76% of the observations to fall within this high correlation category. 

Particularly in the case of clear or overcast (other than cirrus) conditions, in 

which over 50% of the Southern California observations fall, the satellite and ground 

observations shall agree exactly. 

One remaining problem, then, is the presence of cirrus overcast. A 

review of the cloud-type listings suggests an overall satellite /ground cloud-amount 

discrepancy of the order of 5% due to this cause alone. This is in agreement with 

a comparison which was carried out between the high quality Nimbus I noontime 

AVCS data and the 1300 LST ground observations for San Diego which showed an 

approximately 7% discrepancy due to all causes. A previous study (Reference 3) ­

showed a 10% discrepancy for the San Diego area, although the authors have since 

come to feel that this figure is too high. 
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Conclusions 

Our general conclusion is that for the same relative area sizes the 

' using ground obser-Cloud Climatology developed for theSouthern California area, 

amounts that would be encounteredvations, is quite representative of the cloudiness 

in a satellite experiment. (The typical ground observation is representative of an 

area of about 30 n. mi. in diameter. If the area to be monitored using satellite 

data becomes significantly larger than this, the basic distributions of cloudiness 

.will tend to become more bell-shaped than U-shaped. ) An overestimation of 

cloudiness amounts of 5 to 70 by the ground-based data is to be expected. The 

available data were inadequate to establish any seasonal or diurnal variations in 

these discrepancy figures. 
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