December 1960 and January, February,
March, July, and August 1961, re-
spectively. The dark areas corre-
spond to a positive energy balance,
that is, an excess of incoming radiation
over the outgoing. The light areas indi-
cate regions of negative balance. In
these figures, the darkest shade (for
example, southwestern United States in
July) has a value of > -+ 1.75 x 10°
ergs cm™ sec™, while the lightest shade
(for example, 40°N to 50°N belt in
December) corresponds to < — 1.65 X
10° ergs cm™ sec™. The intermediate
values of the energy balance are plotted,
in steps of about 0.5 X 10° ergs cm™
sec™, as seven gradations of the shading
level.

The two triangular regions compris-
ing parts of South America and Siberia
have been left blank because data from
Tiros are not available in those re-
gions. Also the several other 10° by 10°
grids left blank in March and July are
due to. nonavailability of data from
Tiros for these regions.

A preliminary examination of these
figures reveals several interesting fea-
tures.

1) In December and January, the
regions of maximum positive energy
input are located in the latitudinal belts
of 20°S to 50°S, while in July and
August it is the 10°N to 40°N belt
which has a high excess of energy. The
evolution of this phenomenon is re-
vealed by the charts for February and
March.

2) The geographical distribution of
the energy balance appears to be such
that the desert areas of Africa, Aus-
tralia, the Middle East, and southwest-
ern United States show extreme posi-
tive energy inputs in the local summer.

3) The effect of the monsoon over
India is noticeable in comparing the
charts for March and August 1961. The
net energy input over India is lower in
August than in March, presumably be-
cause of the heavy monsoon cloud
cover, although if it were not for the
monsoon, one would expect a very high
excess of energy in the summer month
of August.

4) In the Northern Hemisphere, the
region of the western Pacific appears
to show a relative deficit in energy
during all the 6 months. This area is
well known for strong cyclogenic ac-
tivity. As in the case of the monsoon,
the high cloudiness produced by the
cyclogenesis probably accounts for the
observed low input in energy.
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A detailed analysis of these charts,

in conjunction with the actually ob-

served global distribution of the weather
patterns for the respective months,
may provide a better understanding of
the role played by the energy balance
of the atmosphere in the evolution of
weather systems.

S. I. RasooL
Goddard Institute for Space Studies,
National Aeronautics and Space
Administration, New York,
and Department of Meteorology,
New York University, New York
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Latitudinal Distribution of Cloud
Cover from Tiros II Photographs

Abstract. Television pictures from
the Tiros I satellite have been an-
alyzed on a computer to give the lati-
tudinal distribution of cloud cover dur-
ing the summer of 1961. The results,
which will be useful in studying the
heat balance of the atmosphere and in
the determination of vertical motion,
show good agreement with the long-
term average cloudiness derived from
data accumulated during 50 years of
ground observations.

The global distribution of cloud cover
is now being investigated by the analy-
sis of photographs from Tiros meteor-
ological satellites. The aim of this cloud-
cover study is to derive basic informa-
tion on the radiation energy balance

19, 20 -

of the atmosphere, and on the vertical
atmospheric motions which are re-
vealed by the existence of clouds. The
type of information yielded by this
analysis is important for studies of cli-
mate and for investigations of the gen-
eral circulation of the atmosphere.

The energy input which sets the at-
mosphere in motion is given by the dif-
ference between the incoming solar
energy, consisting of radiation primarily
in the visible part of the spectrum, and
the outgoing energy, consisting of radi-
ation from the earth and the atmos-
phere in the far infrared part of the
spectrum. The main control over the
incoming solar radiation is provided
by clouds, which can reflect up to 80
percent of the incident visible radia-
tion, depending upon their thickness
and type. Reflection by the atmosphere
and the underlying surface is much
less; it is about 8 to 10 percent for the
atmosphere, from 3 to 20 percent for
most terrains, and, in general, only a
few percent for large bodies of water.
Calculations of the available solar en-
ergy are thus strongly dependent on
knowledge of the cloud-cover distri-
bution.

The most important factors which
govern the distribution of the outgoing
infrared radiation are the ground tem-
peratures, the amount of water vapor
in the atmosphere, and particularly the
extent and height of the clouds.

It is thus seen that the distribution
of cloudiness plays an important role
in the determination of both the inflow
and the outflow of energy through the
earth’s atmosphere. Thus far, the dis-
tribution of clouds—amount, types,
and approximate heights—have all been
taken from ground-based observations.
Satellite observations enable us to ob-
tain extensive cloud-cover data on a
global scale in a relatively short period
of time. '

Each Tiros satellite contains two tele-
vision camera systems which photo-
graph the cloud cover. Some satellites
(Tiros II, III, IV, and VII) contain, in
addition, radiometers to measure emit-
ted infrared radiation and reflected visi-
ble radiation from the earth, atmos-
phere, and clouds. The data from the
visible and infrared radiometers would
ordinarily be sufficient for deriving the
energy balance, but only on Tiros VII
did the visible radiometer channel work
successfully. From the cloud-cover dis-
tribution, however, one can estimate
the reflected radiation in the visible
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spectrum and hence, the incoming solar
radiation.

Use of the radiation data in deter-
mining the energy balance is discussed
in a simultaneous publication by Rasool
(1) in which references are made to
other studies of the radiation data. Al-
though the cloud-cover pictures have
been used extensively for their synoptic
value in the detection and tracking of
storms and in present methods of
weather forecasting, the analysis of the
pictures to obtain statistical data on
cloud cover, for application to energy-
balance studies, has not been under-
taken previously.

The analysis of the cloud-cover pho-
tographs was performed on an 1.B.M.
7090 computer. Photographs are con-
verted into digital form for insertion
into the computer by dividing the pho-
tographic image into 250,000 picture
elements to form a matrix of numbers,
500 by 500, each number representing
the brightness of the corresponding pic-
ture element.

The main problem in the computer
analysis of cloud pictures is the choice
of a criterion, suitable for machine exe-
cution, which will distinguish clouds
from clear areas. The brightness of the
picture element should be a suitable
criterion, since clouds will have higher
reflectivities than clear areas except in
snow-covered regions. The analysis is
complicated by the fact that a cloud of
given reflectivity can have a range of
brightness depending on the relative
angles of the sun and camera with re-
spect to the surface appearing in the
photograph, the structure and thickness

of clouds, and the nature of the under-
lying terrain. In addition, there may be
variations in the characteristics of the
vidicon tube and associated electronics
after the satellite is put into orbit. None-
theless, it was found, by analysis of
sample pictures, that the difference be-
tween the reflectivities of clouds and the
underlying terrain is great enough so
that it is possible to choose a brightness
threshold which defines the cloud
boundaries reliably (Fig. 1). It was
further found that the threshold may
vary considerably for pictures taken
during different orbits, but it varies only
slightly from picture to picture within
an orbit. It was therefore necessary to
determine a new threshold for each or-
bital sequence but not for each picture.
This method does not distinguish be-
tween clouds and snow-covered terrain,
and, furthermore, it may result in an
overestimation of the cloudiness over
regions of bright sand. However, only
a very small fraction of the earth is

Gray
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covered by bright sand, and the season
and regions covered by Tiros III rule
out extensive snOw-cover.

The location of cloudy and clear
areas on a world map requires precise
knowledge of the satellite’s position and
angular orientation at the time the pho-
tograph was taken (see Fig. 2). These
data were supplied by the Meteorolog-
ical Satellite Laboratory of the Weather
Bureau and the Aeronomy and Meteor-
ology Division of the Goddard Space
Flight Center. The transformation from
the image plane of the photograph into
geographical coordinates is described
by Frankel and Bristor (2) and by
Mach (3).

There were 1447 Tiros III photo-
graphs available on video tape which
were free from excessive noise and for
which we were able to obtain all the
data required for the transformation
to geographical coordinates. All the
pictures were processed on the 7090
computer and form the basis of the re-
sults presented here.

The end product of the computer
analysis is a magnetic tape which con-
tains a summary of every picture ana-
lyzed. A computer program interro-
gates this tape to provide the mean per-
centage of cloud cover over any speci-
fied geographic region during any inter-
val of time. For the purposes of this
introductory note, however, we will

present only the latitudinal distribution
of cloud cover for the summer of 1961.

The geographical distribution of the
pictures is shown in Fig. 3; each aster-
isk on the map represents a single pho-
tograph. All were taken during day-

Fig. 1. Determination of brightness threshold of clouds (criteria for discriminating clouds from clear areas). A series of two-level
images, in which intensities greater than a given threshold appear white and all others black, are produced for a number of thresh-
olds, three of which are shown here. The number underneath each two-level image is the brightness level used as the threshold
for the discrimination. The original full-tone image (gray levels 1-32) is compared with each two-level image to find the threshold
which most closely reproduces the cloud boundaries reported by the human observer in the original image, in this case 21.
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Principle Axls
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Nadir Angle

N

Reference Line
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Fig. 2. Geometry of Tiros photography.
The two television cameras point along
the principal or spin axis of the satellite,
which is fixed in space. The angle between
the principal axis and the normal to the
earth, the nadir angle, changes as the
satellite orbits the earth. The intersection
of the principal axis with the earth is
called the principal point, denoted by P,
and the point immediately below the satel-
lite, called the subsatellite point, is de-
noted by S. As the satellite rotates, the
image on the vidicon tube appears to
rotate about the point P. The angle be-
tween PS and a fixed reference line on the
vidicon tube defines the roll angle, v, the
value of which is required, in addition to
the geographic positions of P and S, to
transform from picture coordinates to geo-
graphic coordinates.

time between 12 July and 30 Septem-
ber 1961, between latitudes 60°S and
60°N. The number of pictures in the
Southern Hemisphere is appreciably
less than in the Northern Hemisphere
and, consequently, errors due to statis-
tical sampling will be greater for south-
ern latitudes. There may also be some
statistical bias in northern latitudes due
to the sparseness of photographs over
Asia.

The average latitudinal distribution
of cloud cover is shown in Fig. 4 for
the period 12 July to 30 September
1961. The solid horizontal bars give the
mean percentage of earth area covered
by clouds in intervals of 10° of latitude
as determined from the Tiros III photo-
graphs. The vertical lines passing
through the bars indicate the uncer-
tainty estimated to arise in the threshold
determination. Possible errors due to
statistical sampling are not shown.

The results in Fig. 4 show that the
cloud cover in middle latitudes is the
same in the Northern and Southern
Hemispheres. However, in tropical lati-
tudes there is an asymmetry, with a
local maximum of the cloud cover in
the tropics centered at 10°N Ilatitude.
This is the average position of the
“thermal equator” during the period 12
July to 30 September.
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The broad features of the latitudinal
distribution of cloud cover obtained
from the Tiros photographs are con-
sistent with the known pattern of the
general circulation (4). Air rising at
the thermal equator produces condensa-
tion and a relative maximum in the
cloud cover, while on the average there
is downward motion of cool, dry air at
30°C, which explains the relative mini-
mum of cloudiness. The relationship be-
tween cloud-cover distribution and ver-
tical air currents suggests that the Tiros
cloud-cover statistics may have an im-
portant application in the determination
of vertical motions in the atmosphere.

It is of considerable interest to com-
pare the Tiros observations for the sum-
mer of 1961 with the climatological dis-
tributions of cloudiness found in the
literature for the same season. Such
distributions have been published by
Haurwitz and Austin (4), Landsberg (5),
and others for the globe; and, based on
more extensive data, by Telegadas and
London (6) for the Northern Hemis-
phere. The climatological results for the
period July through September are
shown by the dashed histogram in Fig.
4. The Northern Hemisphere data are
taken from Telegadas and London (6);
the Southern Hemisphere data are taken
from Landsberg (5).

The Tiros results for 1961 are seen
to be in good agreement with the long-
term mean of cloud-cover distribution
obtained from ground observations. The
degree of correspondence between our
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Fig. 4. The latitudinal distribution of cloud
cover. The solid horizontal bars are the
results derived from Tiros III photographs
from 12 July to 30 September 1961. The
vertical lines show the estimated uncer-
tainty due to threshold determination. The
dashed histogram represents the climato-
logical mean cloud cover based upon
ground observations, taken from Telegadas
and London (6) for the Northern Hemi-
sphere and from Landsberg (5) for the
Southern Hemisphere

results and the ground-based data gives
us confidence in this method of analysis
of satellite photographs. The availability
of more data from subsequent satellites
will permit the determination of the
geographical distribution of cloud cover
over short intervals of time, for which
no reliable information is now available.
An increase in the density of observa-
tions, coupled with improvements in
the techniques for picture analysis now
being developed, should eventually lead
to the use of cloud-cover pictures, auto-
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Fig. 3. The geographical distribution of the 1447 Tiros Il pictures taken between 12
July and 30 September 1961 which were used in the analysis.
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matically analyzed on a computer, to
provide the cloud-cover distribution as
a function of time for use in studies of
atmospheric dynamics and long-term
changes in climate.

ALBERT ARKING
Goddard Institute for Space Studies,
National Aeronautics and Space
Adwministration, New York 27, and
Department of Meteorology, New York
University, New York '
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Fibrous Filters as Particle-Size Analyzers

Abstract. A method was developed for characterizing radioactive aerosols by
determining their distribution as a function of depth in fibrous filters under care-
fully controlled conditions. The method distinguishes the contributions of three
major processes of filtration: diffusion, interception, and inertial impaction. For
those experiments where diffusion is the controlling mechanism, particle sizes
in the range of 50 to 500 A thus determined compare favorably with those
obtained from concentration and flow data and electron photomicrographs.

The characterization of gas-borne
particulate material, especially fission
products which are released during a
reactor accident, is necessary so that
effective means may be developed for
removing radioactivity from gas streams.

We have developed a method for de-
termining the sizes of radioactive par-
ticles, based on their interaction with
fibers, using special techniques, con-
siderably refined over the one first sug-
gested by Sisefsky (), for observing
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Fig. 1. Distribution of zinc activity at various depths in the filter; tl}e diﬁqsion regi.me
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at various depths the distribution of ra-
dioactive particles in a filter.

The experimental arrangement was
designed to facilitate separation of the
fiber bed into discrete layers for radio-
assay after exposure to the aerosol. We
chose fibers with a high degree. of uni-
formity in order to facilitate theoretical
analysis. Raw dacron-polyester staple
fibers (99 percent were 11.3 == 0.8 w)
3.8 cm long were separted into a uni-
form web by means of a carding ma-
chine, and were then rolled between
sheets of fine paper to give a product
which has a fiber-volume fraction of
0.28 and the appearance and feel of
filter paper. A number of disks of this
material, 3.8 cm in diameter and 0.04
cm thick, were placed in series between
metal washers, enclosed in a cylindrical
Teflon holder, and provided with O-ring
seals to give a compact filtering device.
For testing, a radioactive aerosol con-
taining Zn® was produced by using a
Tesla coil to generate a spark between
two pieces of neutron-irradiated zinc
foil placed approximately 2 mm apart.
A stream of air passed over the elec-
trodes and carried the aerosol through
the system containing the filters. An
electron micrograph of samples of the
aerosol collected on a membrane filter
showed that it consisted of particles
whose diameter ranged from 20 to 350
A (median diameter, 120 A; geometric
standard deviation, 2.0).

Experiments were conducted over a
wide range, the linear flow rates varying
from 0.2 to 44 cm/sec. The data were
analyzed by means of graphs (Fig. 1)
in which the log of the relative radio-
activity collected per layer was plotted
against depth in the filter. Each layer
contained approximately 10* cm of fiber
per square centimeter of filter area,
evaluated from disk weights and the
density of the fiber. The abscissa in
Fig. 1 has been simplified to show filter
depth in centimeters, but the very small
nonuniformity of the filter pads has
been accounted for in plotting the data.
In the region of low flow where Brown-
ian diffusion is the dominant process
for particle transport to the fiber, filtra-
tion efficiency decreased with increas-
ing velocity. In the high-flow region,
where inertial impaction is the principal
process for particle transport, the effi-
ciency increased with increasing veloc-
ity. In the intermediate-flow region,
the interception range, where geometri-
cal considerations of particle size and
fiber size are very important, the filtra-
tion efficiency is largely independent of
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