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Disclaimers
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INTRODUCTION

Generally speaking, the presence of clouds hampers target acquisition

and air and ground operations. It would be advantageous to a field com-
mander to have cloud information such as ceiling, amount, and top height
readily available at all times, over both friendly and enemy territories.
The rapid advance of satellite technology has made it possible to derive
this and other information from meteorological satellite radiometric
measurements in both the visible and the infrared spectral regions.

Although it is difficult to determine cloud ceiling, the techniques for
deriving cloud amcunts and cloud-top heights on a synoptic scale from
remote sensing of underlying visible and IR radiation are fairly well
established [1-8]. To determine the amount of cloud coverage is rela-
tively simple and straightforward and it will not be dealt with. To
derive the cloud-~top height involves finding the so-called effective
blackbody temperature from the effective upwelling radiance measured by
the satellite IR radiometer and then matching this temperature with the
one obtained or predicted concomitantly in both time and space from the
temperature soundings. Though there are some problems [4] with these
techniques, it has become more or less routine now to delineate the high,
middle, and Tow clouds as well as the amounts of cloud coverage on a
global scale, which has not heretofore been possible with conventional
weather observations.

However, Army battlefield operations are not synoptic scale, but rather,

mesoscale military activities. Our interest, therefore, lies in the

determination of cloud parameters on a mesoscale. In mesoscale applica- '
tions, the problems with these techniques are further compounded, not so

much in the determination of cloud amounts, but in that of cloud-top

heights, the latter being derived almost exclusively from IR imagery in

the 10-um window region. Microwave imagery helps, but only to the extent

that its great penetration power enables us to separate the cold ice- and

snow-covered ground from an equally cold cloud top, one which would other-

wise be indistinguishable in the visible or IR imagery.

This report proposes to give an overview of the problems in the determina-
tion of cloud tops on a mesoscale and will, for the above-mentioned reason,
limit our discussions to the IR technique only. Following a brief exposi-
tion on mesoscale requirements and the type of satellites which would best
meet these requirements, a short description of the satellites and their
onboard instruments in current use is presented. Then, the problcns with
the IR technique in mesoscale application will be discussed ar ' 2 solu-
tions explored. Finally, it is arqued that computer simulation may offer
a more economical and efficient means to cope with some of the problems.
The present report may be looked upon as the first of a series of three
projected reports dealing with IR imagery in the 10-um window region;
thus, it is labeled an overview of the IR technique. The next report
considers the theoretical foundation of IR imagery and explores the
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optical and radiative properties of several cloud types. The third
report represents an effort to extend the theoretical foundation and
Tink it to imagery analysis; a comparison will be carried out in a few
selected cases between the radiance values obtained through numerical
simulation and those observed by the satellite radiometer.

MESOSCALE CONSIDERATIONS

In military applications, the determination of cloud-top heights and
amounts calls for a scale in both time and space well within the realm
of mesometeorology. According to the Glossary of Meteorology [9],
mesometeorology is concerned with the detection and analysis of the state
of the atmosphere as it exists between meteorological stations (some 80
to 800 km apart) or at least well beyond the range of normal observation
from a single point. The type of major weather phenomena that are small
enough to remain undetected within a normal observational network are
sometimes called "mesometeorological"; they include tornadoes, thunder-
storms, and immature tropical cyclones. However, the detailed observa-
tion of larger-scale occurrences (fronts and precipitation areas) which
may extend beyond 1600 km is also an important part of mesometeorology
[10]. In this application the cloud parameters will be examined on a
scale up to 100 by 100 km in area, up to 10 km in height, and up to 100
minutes in time.

In general, cloud systems, the visible evidence of atmospheric circula-
tion, are synoptic scale phenomena. Their movements, and hence the
changes in cloud forms, heights and amounts, are usually dictated by the
prevailing large-scale patterns and cannot be divorced from synoptic
analysis. Nevertheless, dramatic changes in cloud forms, heights, and
amounts often take place in time intervals of the order of minutes and
can therefore be treated as mesoscale phenomena. Clouds born of surface
heating, land and sea circulation, mountain waves, and propagating grav-
ity waves, though not unaffected by the prevailing synoptic patterns, are
local phenomena and belong in the sphere of mesometeorology. Rapid
changes of such cloud patterns can indeed occur in a matter of minutes
[11] and will require frequent observations at intervals of 1 to 10 min-
utes since the art of mesoscale forecasting is still in its infancy.

There are essentially two major classes of satellites; those which tra-
verse the earth from pole to pole, the so-called polar orbiters such as
the NOAA [12, 13] and DMSP (Defense Meteorological Satellite Program)
[14, 15] series, and those which remain stationary over some fixed point
along the equator and watch the earth go by, the so-called geostationary
satellites such as the SMS (Synchronous Meteorological Satellite)/GOES
(Geostationary Operational Environmental Satellite) series [16]. It is
not difficult to see that the former class of satellite flies over any




spot along its suborbital track no more than twice daily, once in the
daytime and the other at night, somewhat like our present upper-air
sounding schedule. The cloud information acquired by this type of satel-
lite may be sufficient for synoptic application. The latter satellite,
being stationary over the equator, scans the entire globe in less than
30 minutes. In other words, any dramatic changes in global weather
patterns which may occur in a longer time period than 30 minutes will be
captured. As a matter of fact, the satellite, on command, will scan
only a limited portion of the globe; thereby reducing the scan time to
perhaps a few minutes for a sector and greatly enhancing our ability to
detect and track mesoscale weather changes such as severe thunderstorms
and tornados, even over enemy territory. The present instrument in
SMS/GOES called VISSR (Visible Infrared Spin Scan Radiometer) [17] has
a fine resolution in both visible and infrared imagery (about 1 km in
the visible and about 4 km in the infrared at the nadir; i.e., over the
equator). An advanced version called VAS (VISSR Atmospheric Sounder),
which will not only have indirect sounding capability, but also will
provide additional imaging channels [18], will be introduced before the
end of 1980. In mesometeorology, that the type of satellite which
appears to best meet our mesoscale requirements belongs in the SMS/GOES
series can no longer be questioned.

However, since the SMS/GOES is geostationary at a predesignated longi-

tude over the equator, there will be some errors in the determination of

cloud amounts and cloud-top heights over areas away from the equator,

less so along the same meridian but more so at other meridians. These

errors arise not only from areal distortion which makes an area at 50°

latitude twice as large as an area at the equator along the same longi-

tude [19], but also from vertical distortion in which both the top and |
the sides of a cloud are observed. In this respect, it would be well-

advised to carry out a comparison between the cloud imagery generated

by the two types of satellites.

METEOROLOGICAL SATELLITES AND INSTRUMENTS

A number of meteorological satellites provide data useful in cloud-top
height estimation. These include the SMS and ATS (Applications
Technology Satellite) geosynchronous satellites [16], which yield

full earth pictures at half-hour intervals. Also available are the
polar orbiter meteorological satellites, including the Improved Tiros
Operational System (ITOS) series of spacecraft [12], the Nimbus series
of experimental satellites [20, 21], and satellites from the DMSP pro-
gram [14, 15]. The geosynchronous meteorological satellites provide
imagery in the visible and IR bands. The polar orbiting satellites pro-
vide visible and IR imagery from scanners and temperature soundings
derived from multichannel profiling radiometers [13, 14],




The following paragraphs describe sensing systems, detectors, and instru-
mentation available aboard the various meteorological spacecraft that
have potential utility in solving the cloud height problem.

SMS

The SMS/GOES (Geostationary Operational Environmental Satellite) provides
full earth images at half-hour intervals during day and nighttime hours.
In 1975, SMS A was geostationary over the earth's equator at 70 W longi-
tude, 36,000 km from earth. SMS images are telemetered to the NOAA
Command and Data Acquisition (CDA) station at Wallops Island, Virginia.
The computer processed data are then relayed via the satellite to the
Direct Readout Ground Station (DRGS) SMS unit at WSMR.

The SMS is spin stabilized at 100 revolutions per minute about a cylin-
drical axis. The Visible Infrared Spin-Scan Radiometer (VISSR) unit
(Fig. 1) has a side viewing 41 cm aperture that scans the earth once each
revolution of the satellite. Table 1 gives design data, and Fig. 2

shows a visual depiction of SMS/GOES.

The VISSR scans the earth pole to pole in 18 minutes (1821 latitude
steps, see Table 1). One full disc image is completed each half hour.
This image is stored on magnetic tape and produced as a 22- by 22-inch
image transparency on the DRGS laser fax system. Gther combinations
available include a 7.5-minute sector scan for a particular active storm
area on the surface of the earth characterized by rapidiy changing cloud
patterns.

Later versions of SMS/GOES will use the VAS system made up of a VISSR,
an atmospheric sounder, and a multispectral scanner. Another version

of SMS will include a microwave scanner. The new detectors can be em-
ployed in the determination of cloud-top heights. The VAS system is
designed for the 1979-1981 GOES series (SMS, F, G, and H) and the micro-
wave sensor for the 1985 satellite [18].

ITOS VTPR SYSTEM

The Vertical Temperature Profiling Radiometer (VTPR) is a continuous day
and night eight-channel radiometer sounding system aboard the ITOS space-
craft. Six of the radiometer channels are in the 151 CO. absorption

band (Table 2) [13]. One radiometer channel scans at a water vapor ab-
sorption band (535 cm~1) and one channel is in an atmospheric window at
833 cm~!, The optical system of the VIPR consists of a scanning mirror
(Fig. 3), and 73.5 mm Cassegrainian telescope, a filter wheel and chopper,
and a detector assembly. The detector assembly consists of an Irtran 4
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Jesign Parameters
No. of channels

Wavelengths band of opera-
tion, half-power points

Ins tantaneous geometric
field of view (IGFQV)

Detector

Size

Response
Scan period
bwell time
Information bandwidth

Uynamic range, albedo (1);
target temperature (“K)

Ground resolution, nadir

821 latitude
steps

Scan lines

Trace time 18.2 min
Retrace time 1.7 min
2

Frame Size 207 %202

Noise Equivalent

Radiance 0.9 x 1077 W cn™* ster”'

(HgCdTe detectors)

Telemetry: receive 148 MHz
transmit 136 MHz

Receiver antenna gain -6.5 dB

Transmitter antenna gain -5 dB

TABLE 1

DESIGN SUMMARY OF VISSR/SMS

Visible Channel

8

0.55-0.75 micron

0.025 x 0.021 mr

Photo multiplier
tube

S$-20 (enhanced)
0.6 sec

2.4 x 107° sec
210 kHz

0 to 100

0.5 nm

Thermal Channel
1 plus 1 redundant

10.5-12.6 microns

0.25 % 0.25 mr

HgCdTe

0.015 x 0.105 mm
0.6 sec

1.9 x 1077 sec
26 kHz

0 to 315

4.85 nm
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lens, a germanium window, and an uncooled pyroelectric detector. Radi-
ance measurements are calibrated from 0 to 204.8 mW/m~ sr cm=*. A
single VTPR scan takes 12.5 seconds. A 0.5-second interval is used for
each of 23 scan spots.

ITOS SCANNER

Major operating parameters of the ITOS poiar orbiter meteorclogical
satellite (Fig. 4) are shown in Table 3 [12]. The scanning radiometer
(SR) subsystem of the ITOS satellite consists of two 2-channel radiom-
eters. Each radiometer consists of a scanning unit, an electronics
package, and SR processors and recorders. The two channels of the SR
operate in the visible (0.5m to 0.73um) and in the IR (10.5um to 12.5:m)
bands. SR resolution is 2 nm for visibie data and 4 nm for IR data at
the subsatellite point. Later versions have resolution to 0.5 nm.

DMSP SATELLITE

The Block 5D DMSP satellite travels in a polar orbit 450 * 9 nm above
the earth. The payload of the satellite weighs 136 kg and operates at

a power of 170 W. The power source is a circular track deployable solar
array with storage provided by NiCd battery cells.

The visible scanner (operational line-scan system, OLS) has a resolution
of 1.5 by 1.5 nm in the global scan mode and 0.3 by 0.3 nm in the very
high resolution mode.

Resolution capabilities of the scanners are summarized in Table 4 [15].
The OLS (Fig. 5) [14] consists of a visible-IR Cassegrainian telescope
relay optics, a three-segment silicon diode visible detector (Fig. 6)
[14], and a two-segment, trimetal, HgCdTe, IR detector. The primary
mirror is a 20 cm f/1.0 parabolic folded optical system.

The visual daytime response is in the 0.4y to 1.1u band for maximum con-
trast between earth, sea, and cloud elements. The IR response is in the
9y to 13y band for detection of both water and ice crystal clouds. The
IR detector is accurate to 1°K rms between 210°K and 310°K. The noise
equivalent temperature difference (NETD) is within 1°K.

IR TECHNIQUE AND ITS PROBLEMS

The theoretical basis for the determination of cloud-top temperature in
the IR spectrum rests with the manipulation of the radiative transport
equation [22, 23]. The amount of radiance detected by the SMS IR radiom-
eter comes mainly from the thermal emission of liquid and solid aerosol

11
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Spacecratt Orbit

Jrbit type

Altitude 790 nm
Inclination 101.7
Period Fi5.2

(78.3
min

APT_Caiera

Picture coverage
Picture overlap
Time per picture

TV lines per frame

Picture interval
V0. of pictures

Ground resolution

AVCS Recorder

Storage capacity

Record and playback
tape speed

Playback time

Real-Time Link

Frequency

Iransmi tter power

Data

1800 by 1200 nm

20
158

600

260

1

in orbit track

SeC

lines

sec

1T0S-1 MAJOR OPERATING PARAMETERS

retrosrade)

Sun-synchronous, circular, near-polar

2 nm at {ocal vertical

30

2
¢

in./second

min/orbit

137.5 or 137.62 MHz
(on alternate space-

oY

5 W (minimum)

raft)

APT video, real-tine
SR ovideo

Scanning Radioieter

Picture coverage

Channels

Resolution

AVCS

Continuous

to horizon)

Une visible

Picture coverage per frame

Pictures per orbit and

Picture interval

Picture overlap

Lens

Field of view
Line resolution
Ground resolution

Vidicon read time

ecord-incremental
(stepper)

Record mode

Playback

ITR

200 mi nimut
orbit

f-1.8,

22 nm at

0.0033-1n.

5.7mn focal

108" across diagonal

local

6,25 se«

350 min (90 ft tape)

15 bits/sec
tracks-tape advances

times/sec

vertic

per track,

increment

swath in direction of
satellite travel. wath from horizon
IR channel - 10.5 to 12.5.n
hannel - 0.5 to
e - 2
4 n
alera
1800 x 1800 m
11 picture 14.2 min
60 sed
50 in orbit track,

in adjacent

length

Approximately 800 TV lines

al

3
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TACLE 4

SCANNER RESOLUTION IN NAUTICAL MILES
FOR THE DMSP BLOCK-5D SATELLITE

Visible IR
Day 0.3 x 0.3 0.3 x10.3
Night 1.5 % 1.5 0.3 % 0.3

14




OLS - SENSING CONCEPT

SCENE
| HRD m%

Y
DETECTOR PNT

OSCILLATING
SCANNER
e

PRIMARY
M1, M2, M3, M4, M5 : MIRRORS

BMS: BEAM SPLITTER; SPLITS INFARED ENERGY |
FROM VISIBLE ENERGY VIA MTI AND MT2 (NOT SHOWN) |
TO THE T (THERMAL) DETECTOR.

FS FIELD SPLITTER; SPLITS FIELD OF VIEW OF
VISIBLE ENERGY FOR THE VISIBLE DETECTORS.

HRD: HIGH RESOLUTION DIODE (SMALL FIELD OF VIEW).

PMT: PHOTO MULTIPLIER TUBE (LARGER FIELD OF VIEW).
Fioure 5. Operational linescan system.
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particles as well as from the gaseous constituents of the atmosphere.
The matter which emits also absorbs at different narrow IR bands, thus
causing attenuation in an atmospheric column which is undesirable in the
determination of cloud-top temperature, particularly if the exact amount
of absorbers is not known. Therefore, the narrow bands where the least
amount of molecular or gaseous absorption exists need to be found. These
narrow bands are commonly referred to as IR windows. There are two
windows: one in the 3.7.m band and the other in the 10um band. The
former is not too well situated since some scattering by aerosol parti-
cles of solar radiation is appreciable at this wavelength. In the 10um
band, there is virtually no invasion of solar radiation, and the only
absorber that needs to be considered is water vapor.

With the removal of solar energy from the radiative transfer equation
(to be discussed in detail in a subsequent report), the radiance emerging
from an emissive and scattering cloud of aerosol particles can be ob-
tained by solving a much simpler transfer equation. Let N, be this spec-

tral radiance and N the effective frequency response function. Then,

the effective radiance N to which an orbiting IR radiometer responds is
given by

from which can be derived the so-called equivalent blackbody temperature
of the body below. If the body is a cloud of liquid or solid aerosol
particles, it is commonly considered the temperature of the cloud top.
If the atmospheric column in the field of view of this radiometer is
completely dry and free of any aerosol particles, the temperature is the
equivalent surface temperature.

For this temperature of the cloud top to be of any real value in the
determination of cloud-top height, as commonly practiced, it is important
to investigate the conditions under which this equation may be vaiid.
These conditions, pertinent remarks, and discussion of some solutions
follow.

When an object radiates as a blackbody.at a wavelength, its spectral
emissivity is equal to unity; i.e., it is opague to transmission at that
frequency and nonreflecting. Depending upon the microphysical property,
a cloud may or may not radiate like a blackbody at all wavelengths in

the same IR window band. This phenomenon has been shown theoretically

to be so by Shifrin [24], Yamamoto et al. [25], Zdunkowski and Choronenko
[26], Yamamoto et al. [27], and Hunt [28].

17




Field observations by Gates and Shaw [29], Allen [30], Paltridge [31],
and Platt and Bartusek [32] have also demonstrated a wide range of
measured emissivities among different cloud types; unfortunately, none
of these authors provided any microphysical data.

Next is the problem of the radiometer's field of view. Unless a cloud's
areal expanse covers the field of view completely, the upwelling radi-
ance reaching the radiometer will include ground radiation. As a result,
the estimated cloud-top temperature wiil be higher and its estimated
height correspondingly lower, if the vertical distribution of cloud
temperature is a monotonically decreasing function of height.

The problems of scattered clouds and lTook angle may be included in this
category. The latter is unique to SMS imagery since the satellite is
parked at some longitude along the equator. The regions of interest to
us generally lie somewhere in midlatitudes. Figure 7 (reproduced from
an AWS technical report [33]) vividly illustrates these problems in the
determination of cloud-top heights.

The radiometer may not respond equalily to the wide range of thermal emis-
sion from the cloud and the ground surface; in other words, there may be
greater errors in one temperature range than in another. There has been
no known investigation of the response characteristics of the radiometers
in the SMS under orbiting conditions. However, as an example, in the
case of the earlier NOAA series, the IR radiometer showed an error rang-
ing from +2°C at the warm end of 300°K to *8°C at the cold end of 185°K
[33]. Anderson and Smith [33] estimated that with reference to the US
Standard Atmosphere such errors would cause an uncertainty of about

:300 m at the derived cloud-top height of 1000 m, about ‘600 m at 4200 m,
about +1000 m at 7500 m, and about 1200 m at 10,000 m.

Also, cirrus clouds are present above the cloud deck of interest, and
there may be several layers of clouds. As regards the former, both theo-
retical and experimental studies have been made of the optical properties
of the cirrus cloud (e.g., [34-43]). The emissivity of the cirrus cloud
varies from 0.1 to 0.75, depending upon its microstructure. Whether at
the Tow end or the high end of emissivity, its presence causes an under-
estimate of the height of the lower cloud. Zdunkowski et al. [39]
estimated that even invisible cirrus or haze could reduce the upwelling
radiation by as much as 10%. The problem of multilayered clouds has

been studied [44], but not to a great extent.

Gaseous constituents of the atmosphere exist also above the cloud. In
the 10um IR window, the absorbers are water vapor, carbon dioxide, and
ozone; however, they apparently are not a problem since their amounts
are rather small [45] above the cloud top.
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The problem of the height-temperature relationship is least appreciated
in the determination of cloud-top height. Though listed last here, this
problem is by no means the least serious one. Unless the cloud is in
complete thermodynamic equilibrium with its environment, i.e., the cloud
and the environment share the same temperature lapse rate, the cloud-top
height will become indeterminate.

SOME SOLUTIONS

Although the various problems in the use of the IR technique for the
determination of cloud-top height are listed separately, it is convenient
to discuss some of them together which may be amenable to common solu-
tions. Some of the solutions considered here are necessarily somewhat
speculative; however, such speculation is based on reasoned deduction.
In the literature, most authors are concerned with the synoptic utiliza-
tion of the cloud parameters derived from satellite observations. In
general, these authors are satisfied with a knowledge of only the low,
middle, and high clouds [46] with an error no less than 1 km in their
height estimates. Therefore, they need only recognize these problems
and not be overly concerned with them so long as the cloud information
serves their global and synoptic purposes.

In military aviation, target acquisition, and severe storm tracking, an
error of +1 km may be excessive, and these problems should not be taken
lightly.

The problems pertaining to a more accurate determination of cloud-top
height can be tackled in three ways: (a) extensive airborne and surface
field observations, (b) in-situ satellite measurements, and (c) computer
simulation of upwelling radiation from cloud atmospheres. In the last
category are problems of whether a cloud radiates like a blackbody, of
how the cirrus cloud affects the upwelling radiation of the underlying
cloud and, to some extent, of how seriously an oblique look angle dis-
torts radiance values.

Field experiments are costly. Some have been performed, as already

noted above in cloud emissivity studies, but there are no firm conclu-
sions in view of the rather limited field measurements and the observa-
tion cost. If a satellite had an unrestricted payload, in-situ
measurement would be the best. For example, for cirrus cloud emissivity,
the far-IR instrument proposed by Houghton and Hunt [47] may be used.

By making use of the microphysical parameters representative of the
various types of clouds, it is possible to determine if the cloud having
that type of microstructure radiates like a blackbody. However, warm
and supercooled clouds should be modeled separately in view of the fact
that the Mie scattering properties of water and ice particles are quite
different. While the Mie parameters of spherical water droplets are
fairly well-established, those of shaped ice crystals are not. Thus,
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computer simulation of cirrus clouds would be somewnat difficult.

There is an extreme paucity of microphysical data on the size and shape
distribution of cirrus-type clouds; computer simulation of warm clouds
would not be too difficult, and there is a relative abundance of micro-
physical data on various cloud types. Moreover, it may be feasible
through numerical modeling to gain some knowledge of the apparent thick-
ness of clouds. Once the cloud emissivity is known, it is relatively
simple to calculate the temperature of the cloud top from the measured
radiance.

Undoubtedly, an oblique look angle distorts the cloud picture. Unfortu-
nately, the radiative transfer equation can only be solved efficiently
for a plane parallel cloud although it is alleged that, in theory, the
Monte Carlo technique will handle a cloud of any geometry. No literature
has been found in this respect. On the other hand, the SMS parks at
about 36,000 km above the equator; therefore, the look-angle distortion
over the midlatitudes may not be too serious. Nevertheless, it would be
advisable to make a comparative study of the cloud-top heights derived
simultaneously over the same spot from both the SMS and the NOAA orbiter
satellite. Because of angular obliquity, the correction factor to the
SMS radiance values may well be a function of latitude. Once this cor-
rection factor is established, it may be applied to subsequent SMS ra-
diance readings.

Scattered and multilayered clouds in the radiometer's field of view are
problems of an entirely different category in which neither field nor
satellite measurement would be of much help. For the former, computer
simulation of randomly situated clouds appears to be the only solution.
As to the latter, except for the case where the top cloud layer is thick
enough to radiate like a blackbody, it would be difficult to simulate
such clouds on a computer. Nazirov [48] used multilayered clouds to some
advantage. He used the shadow of the top cloud cast upon the Tower
clouds as well as neighboring clouds to estimate the height of the top
cloud.

The problem of instrument calibration of response error must also be
considered. Since the satellite radiometers are calibrated onboard
reqularly, the assumption can be made that they are acceptable for
purposes of this determination. However, it would be well-advised to
check such calibration at the ground level to determine if there is any
error at the warm ends as well as at the cold end and what correction,
if any, needs to be applied.

SUMMATION
In this brief discussion of the problems and the solutions pertaining to

the determination of cloud-top height, the authors have touched upon the
technique in current use, the problems associated with this technique in

21




E——

mesoscale applications, and the type of meteorological satellites re-
quired. Some solutions have also been offered. Presently, the synoptic
meteorologists appear to be less concerned with certain ambiguities in
their determination of cloud-top heights. As a matter of fact, the
definition of cloud top, as quoted earlier from the Glossary of
Meteorology is not in itself free from ambiguity. What can one say
about the effect of different instruments?

Although, on the surface, it may not seem pertinent to the discussion
here, it is nevertheless of interest to note a Russian study by 11'ina
and Lapcheva [48] of the different techniques in their determination of
cloud heights. They employed the satellite, the radiosonde and the
radar for this purpose, and their findings are reproduced in Table 5.

Different sensors "interpret" the height of the cloud top in different
ways, assuming no instrument errors. According to the table, the radio-
sonde uives the highest value; the radar, the middle value; and the
satellite radiometer, the lowest. Herein lies the ambiquity of the in-
struments in use.

There has been no known effort in the meteorological community to extract
cloud parameters from the SMS IR imagery. On the basis of past investi-
gations, it may be safely stated that the cloud-~top height is determined
to no better than :1 km, using the orbiter satellites. With greater re-
search effort in delineating the radiative properties of the clouds and
the look angle probiem, it appears to be entirely possible to refine our
estimate of the cloud-top height to about 0.5 km for the case of total
coverage in using the SMS alone.

On the other hand, for the case of scattered and multilayered clouds,

the problems are more difficult. However, since it is not expected that
cloud coverage 50" and less would greatly interfere with the Army's meso-
scale operations, computer simulation may still be used to advantage.
This problem will be tackled as soon as the problems associated with
total coverage have been solved.
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, ABBREVIATIONS
i
Q‘ AFRCL Air Force Cambridge Research Laborataries
1 ATS Applications Technology Satellite
AWS Air Weather Service
CDA Command and Data Acquisition é
DMSP Defense Meteorological Satellite Program
DRGS Direct Readout Ground Station
GOES Geostationary Operational Environmental Satellite
IGFOV Instantaneous geometric field of view
IR Infrared
ITOS !mproved TIROS Op?rations System (TIROS = television and |
infrared observation satellite) g
NETD Noise equivalent temperature difference j
NOAA National Oceanic and Atmospheric Administration
0LS Operational line-scan system
SATSEE Satellite Target Visibility System
SATSTM Severe Storm Observational System
SMS Synchronous Meteorological Satellite
SR Scanning radiometer
VAS VISSR Atmospheric Sounder
VISSR Visible Infrared Spin Scan Radiometer
VTPR Vertical temperature profiling radiometer
WSMR White Sands Missile Range
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