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ABSTRACT
(Secret)

This report explores the use of HF backscatter radar in conjunction
with an artificial ionosphere obtained by forming an electron cloud a
E layer altitudes. An ocean surveillance experiment is suggested aimed
at obtaining over-the-horizon HF rader coverage of ships a few hundred
miles from the radar site.

PROBLEM STATUS
This is an interim report on the problem. Work on other phases of
the problem is continuing.

AUTHORIZATION

Project RF 001-02-41-4007
NRL Problem RO2-23C
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INTRODUCTION

There is current interest in using surface wave propagation with a
ship mounted HF radar as & means for detecting low altitude airborne targets;
such a system might provide over the horizon coverage out to 100 mmi. A
surface wave radar with such a capability will also be an effective skywave
radar part of the time, that is, during the middle daylight portion of many
days the radar will be able to detect aircraft out in the 500 to 700 mmi
region using the ionosphere for refraction. The existence of this potential
suggests that means for artificially creating & refracting ionosphere is
worth investigation.

Also, recent developments in hf radars and their over-the-horizom
capabilities has led to consideration of their use in detecting, tracking
and possibly identifying stationary and clow moving targets such as ships
at sea, cities, mountains, sea state and other geographical features. The
desirability of such & cepability is obvious. Ship traffic surveillance
over large areas of the ocean could be accamplished. Stationary geographical
features could be used as rader calibration signals for both range and
amplitude in the study of natural phenamena as well as for detection of man-
made targets.

The possibility of attaining this capability by relatively minor
modifications to existing radars and in radar systems currently in the
planning or construction phases is extremely attractive.

Normally over-the-horizon radars attain lang range cgpability by using
the ionosphere as the propagation medium. The lonospheric refractive
properties are used to bend HF radio waves back toward earth for purposes
of communication, target detection, etc.

This report will explore using HF backscatter radar signals with &
simulated ionosphere. The simulated ionosphere will consist of an electron
cloud released at E-layer altitudes for the purpcse of reflecting radio
waves back to the earth. The obvious advantage of obtaining long range
radar capability independent of the ionospheric conditions is ome of the
tbjectives of the proposed technigue. Also range of frequencies available
for over=the-horizon use can be extended by a factor of two or more.
Improvement in over-the-horizon radar capability and communication in the
auroral zone is also a strong possibility. Other more specific operational
advantages will be discussed in detail later.

RADAR CHARACTERISTICS

In principle, given the proper characteristics the type of radar system
used can be coherent pulse doppler, continuous wave doppler or the frequency
modulated Chirp-type radar.

SECRET




1o vt s e ST BT KT R SRR

B S S TR P s s SN PO i,

SECRET

There are in existence a number of HF coherent pulse deppler radsrs of
proven high performance and which are properly located and can be made
available for experimentation. Eor this reason, the rest of this report
will only consider this type of radar. However, the analysis can quite
easily be translated into terms applicable to both C.W. and F.M. redar.

The coherent pulse doppler radar can make measurements of signal
amplitude, slant range and doppler frequency. Assuming that an unambiguous
slant range is desired then the maximum unambiguous doppler frequency
becomes half the pulse repetition rate required for that range. This should
not prove to be a serious limitation for a target whose muximum speed is
that of a surface ship.

In general two kinds of discrimination are used for detection, namely,
amplitude discrimination and doppler frequency discrimination.

Amplitude Discrimination

Recent reports have indicated that stationary and near stationary
targets can be detected and identified by amplitude discrimination alone.
A study made by J.G. Steelel showed that over-the~horizon backscatter
reflections from land areas are 10 dec’bels down in amplitude from similsr
reflections from sea areas, the sea state not being specified. A report
by the Electro Physics Laboratory of I.T.T. indicates that mountainous
regions and cities can be detected by amplitude discrimination and can be
distinguished from surrounding enviromments of either land or sea.2 For
example, detection of islands in the Caribbean Sea have been attributed
to reflections fram the mountains on the islands. Detection probebility
for both the cities and mountains was of the order of 20%. Cross sections
are of the order of 1 X 10%m2. Dr. L. Wetzel of the Institute for Defense
Analyses recently explored the possibility of distinguishing forests from
surrounding flat terrain by virtue of the vertical tree trunk geometry.3
Other studies concerned with HF backscatter from trees™, ground5 and
buildings” have been made.

In principle, if the ground area being illuminated by the radar can
be resolved into small enough cells, then. targets with lerge differences
in reflection coefficient can be distinguished from one another. The
minimm size of the radar cell depends on the radar azimuthal beamwidth
and the pulse width. The cross section observed in the absence of noise
depends on the size of the cell being examined and the power reflection
coefficient or

o= (P.W.7 (R) (8) (o0)

where O = radar cross section of the backscatter clutter in the radar cell.
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P.W. = pulse width in radar distance
R = average slant range to illuminated area
® = beamwidth in radians

go = reflection coefficient.

Measured values of Jo have been made by I.T.5.A. and Navel Rescarch Leboratory
and fall between 1 ¥ 10°2 and 1 X 10-3. Assume go = 5 X 10-3 for purposes of
calculation.

There are turee HF radars located in the United States which are
currently examining the problem of over-the~horizon detection of stationary
and near-stationary targets. These are the Madre radar at Naval Research
Leboratory, Washington, D.C., the Chapel Bell radar at the Electro Physics
Laboratory of I.T.T. near Washington, D.C. and an I.T.S.A. radar located
near Boulder, Colorsdo.

The Madre rader hes not been able to discriminate via amplitude alone
geographizal features, sea state, etc. It uses beamwidths of 10° to 30°
and & pulse width of 300 usec. Assuming an average slant range of 1200 km
for over-the-horizon distence to the radar cell, the illuminsted area
beqames appreximately 1010m2 for 10° beamwidth and 3 X 1010m2 for 30° beam-
width. The minimum cross section for the 10° beamwidth is

0(10°) = oo (Iliupinated area) = 5 X 10°3 X 100 = 5 X 10™%. Tnis
becomes larger than 1 for 30° beamwidth.

Targets of sizes near 1 X 10”2 would contribute about O. 1% to the
total amplitude. If we further comsider that in the normal backscattered
signal fades of the order of 20 dB are common, then we must conclude
smplitude discrimination is not possible with this radar. With larger slant
ranges everything becomes worse.

The Madre radar is capable of using pulse widths of 15 microseconds.
In this csse a 1 X 105m2 target would contribute a meximm of about 10% to
the total amplitude. Whea the magnitudes of the fades are considered, it
is dountful if the probability of detection could be raised to a suitable
value without extemsive changes.

For the I.T.T. Chapsl Bell radar, © = 3°, pulse widths vary from 10 to
50 microseconds. A camputation similer to that made for the Madre radar
vields.

g = (10 microsecond pulse) & 5 X 10°m°
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A target whose size is 10“m™ would add a substantial amount to the amplitude
in this radar cell, but the detectability would be degraded by the normal
fading rate. Fram a statistical point of view detection should mrobable.
It all reduces to the probability of detecting 6 decibel changes 1. amplitude
in the presence of slow 20 decibel fades. For the 50 microseconds pulse
width, detection would be marginal, at best.

For the I.T.S.A. radar, 9 = 2° end the pulse width is fixed at 300
microseconds. Computation yields

0%1%10m

,
and detection of a lo)m2 target would be improbeble. I.T.S.A. has not
reported discrimination of geographicel features, sea state, ete., from
amplitude discrimination alone.

In summary, the three radars cited are not capable of a high probability
of detection by amplitude discrimination alone. Improvements can be made
by narrowing the puilse width or beamwidth.

Pulse widths can be aarrowed beiow 10 microseconds, but other problems
arise. As the pulse grows narrower, the required bandwidth becomes larger
and eventually the ambient noise interference will 1limit the improvements
that can be attained. In addition degradation of the pulse width by the
ionosphere will be a limitation when such degradation becomes an appreciable
part of the pulse width.

Beamwidth narrowing is probably limited to about 1° absolute value,
so that sappreciable improvement will only occur for the NRL case and tend
to make detection marginal.

It appears that improvements could be made which would result in total
gain of about one order of magnitude but with substantial effort and cost.

Doppler Frequency Discrimination

Even if ampiitude discrimination were to yield satisfactorily high
probagbilities of detection after further improvements, it would seem desirable
to investigate tuchniques in which the backscatter signal from a small target
would not have to compete with the ground backscatter dlutter which is
normally present in over-the-horizon radars. One well known technique is
spectrum analysis of the backscatter signals. The technique has been used
successfully by various groups to distinguish between fast and slow moving
targets. The Naval Research Laboratory Madre radar monitors aircraft
taffic and missiles regularly via over-the-horizon radar in the presence
of backscatter clutter whose amplitude is often several orders of megnitude
larger than the detected target at the same re.nge.7 In addition to providing
a signel which doesn't compete with the clutter, doppler frequency measure-
ments yields accurate relative velocity information. |
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of large signa1s has alveady been attained, so all that is required is
that the motion of the desired target be distinguishable from the motions
which are normally observed by over-the-horizon backscatter cadars.

These are due primarily to lonospberic motions, perhaps complemented by
motions of natural objects un the ground or ses; for exsmple, s=a waves.
Airplane veloclties snd missile velocitles are clearly much higher then
these naturally induced motions except near btroadside asgpect angle. It
has not heen clesr that ship doppler frequencies are outgide the band of
doppler freguencles arising from natural phenowens.

It has teer kuown for a number of yesrs that the ground (or sea)
vackscatter In HF radsr 1s charscterized by smuplitude fading, generally
attributel o lonospheric motions, which can be snalyzed as & band of
é.prler frequencles. Until recently it had been beliesved that this band
of frequencies extended from zero doppler frequency to about 4 or 5 hertz
where it was some €0 decibels down from the peak which presumebly occurred
at zero dexpler frequency. On the basis of this belief, rejection notch
filters with en inverse characteristic, i.e., msximum rejection at zero
doppler freguency, have been built and used succegsfully to reject the
large amplitude backscatter echices from zero to five hertz. Notches
have had more thaa 80 decibels of rejection at the carrier frequency (zero
doppler frequsucy)s$

Recent doppler fraquvency eanalyses of growund backscatter have indicated
that the spectrum lies in &n interval of + 3 hertz from the carrier but
doesp't necessarily peak at zerc doppler frequency. It shows the signal
pbaking at a oint somewhere in the interval of + 3 hertz from the carrier,
but only shout 0.5 hertr wide some 30 decibels down on the skirts. There
are indlcations that for apprecisble times the spectrum stays quite narrow
down to 60 decibelsofg The exact spectral position of the pesk cen vary
considerably in the freguency intervel over a few hours, and occasionally
the spectral wiétﬁ\(at 30 db down) attains a width of one hertz, but
normally the Dosition peak is fairly stable over intervals of several
minutes., e

Freguently the spectrum analysis shows two pesks, often symmetric
in both freguency snd amplitude arownd the carrier. The double peak
vhenomenon has been atbribated to ocean wave motion by some observers.
Cthers have abtbributed it to wave motion in +the ionosryhere. In either
case, & slow target moving, for example, at 30D knots would show up &s a
3 hertz sigmsl &b 30 MBZ carrier frequency. The signal would be offset
from the ground bvackscatter signal and would not directly compete with
it, but would only compete with the noise in the band. The bandwidth
then ¢sn be narmwed to a value consisgtent with the best balance between
improved signsl to nolse ratio and range ressolution.
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Recently both NRL and ITSA have shown doppler frequency analyses of
backscatter.+V From the ITSA study, it was obvious that much more work will
have to be done before any positive statements can be made regarding the
identification of land versus sea areas by doppler analysis.

Based on the NRL and ITSA spectrum analyzed date, Dr. L. Wetzel made
& study in which he showed the desiredbility of further exploring the concept
of doppler discrimination as applied to ship detection.ll

EXPERIMENTAL TECHNIQUE

For examining ships at sec for surveillance purposes, it would be
desirable to define the ship characteristics uniquely so that a target
could be recognized as a ship on the radar display.

For this purpose it is proposed that an artificial electron cloud be
used as & reflecting surface to examine & moving ship via over-the-~horizon
radar. If such a scheme is attempted and is even partially successful,
there are enough bonuses to be gained from the side issues to make it worth-
while even if it establishes that ship surveillance is unfeasible. The
bonuses will be aprerent in the discussion.

The artificial electron cloud will be used in place of the naturel
ionosphere. It will be a highly reflecting cloud in the HF band with an
instantaneous fading rate appreciebly lower than that of the nommal
ionosphere. It should be stable for several minutes if properly placed
even under adverse circumsteuces. It cen be used at night when noise
levels are appreciably lower near the high e¢nd of the HF band and can be
used at trequencies at least up to 50 MHZ and possibly as high as 100 MHZ
if even lower nuise levels are desired. If it is used during the daytime,
solar flux will photoionize some of the release products and add several
minutes to the clovd life;, up to thirty minutes. It will effe tiv ct
as a large flat plate reflector for several minutes. 12 13, 1%,

In the ideal case, where there is no cloud motion (no fading rate),
any fluctuations will be due to ground targets and the target characteristics
can be determined. For example, a target ship cen be made to maneuver and
its cross section and doppler frequency spectrum can be measured as &
function of the polarization angle or aspect angle, etc., of the incident
wave, It is likeiy {that the ground or sca clutter will be of larger
amplitude than thaet of & ship. Doppler anelysis cen be used to distinguish
between the clutier and the ship whenever the ship velocity relative to the
incident wave is Ligh enough to place the doppler frequency outside that of
the clutter which in practice wiil have a finite bdandwidth.

In the event it is discovered that the reliability of ship detection
i8 not improved because of competing motion in the bvackscatter signal,
useful information can be uncovered about the aresa of illumination. For

example; the clutter amplitude messurements and doppler frequency measurements

6 SECRET
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should meke clear if laad and ses clubtter cax bte distinguished from one
another via doppler frequency analysis or fror amplitude snalysis, since
the motiopiess reflector will nod produce the deep fades characteristic
of the normal iopospleric propagation. It should therefore be easier to
distinguish smplitude differences of 6 &b since those will no longer be
complicated by simuitanecus 20 &b fluctustions. Reflections therefore
from mountains on islards should be dlstinguishable both by reason of
amplitude and zero doprlsr if the rader cell iz smesll emough. By the same
token sea wave motion should be meagurable via doypler frequescy analysis,
so that some charasteristics of the sea atate should be messurable.

The above auslysis is an idealization of the true conditions. All
evidence indicate, that motions do exist in releasei electrop clouds and
that &b times feding rates via doppler freguency spsiyeils c¢sn approach
those obgerved in natural lonospheric propegation. However, most of the
time the fading rate is less than that of the patural ilonosphexe, i.€.p
of the order of %tzubtks of a hexds with a veyy narroy syectrum. If this
faling rate becomes & provlem in the proposed experiment, it cen be dealt

th at least yartielly by compering the direct refiection from the
electron cloud to the rveceiver to the reflection received from the ground
beyond the clovd to the receiver. The gxound backscatter should bave some
motions direbtly asgoelated with thie clowd metions apd by Judicicus ugse of
delays, the twe recelvel signals cap be comyered divectly snd simidar
moticns cauncelled by elrealy estabiished teciniques. The net signal
raturn then worid h&ve ;,arger pereandbags of growd target information
in 1% than similer buckscabier ebulliss via the nabursl ionosphere.

Ay elagtron ¢lowd wyloesd lawmcked Lrom Wellops Island and rele‘s_ed
&t 100 Jm altlivle woild provide near o*;*tmm #aditions for exploration
of the teclmique by btk the Ca&pd. Pell radar and the Madre redar. The
I7SA radar would have the opportunity of observebion in the onme hop overe »
the-borizon m>de.

Crerational vse wouild depend on fhe vseiul lond duration and the
coverage, l.e., the avres of possible survelllsnce. This will be dlscussed
in debail ix the nexd secdion.

ELECTRON CLOUD RERCENCLOFY

lestron clowd releases 6% aldituiez nesy 100 km iz a well developed
and we:.l exylored Sealsoltogy.riolT  Extensive work has besn done wundexr
Project Fliefly. Whe peylosd relesse is scoomplizhed with a high explosive
which heats up the cesium in the paylosd producing centerpoint electron
densities of the orier of 107 electron/ce for 8 peyload of 18 kg. The
¢louds have hesn probed with frequencies from 3 MBZ uwp to 150 MHZ regularly.
The duration of rsdsr echoes vary fiom two hours at the lower frequencles
to a few seconds &b 150 MHZ. Much work has beszn done at three frequencles,
30 MHZ, 50 MHZ, and 150 MHZ. For nighttime releases, ciouwd durations from
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6-10 minutes are regularly observed at 30 and 50 MHZ.™” - During the daytime,
electron densities are enhanced by photoionization of the cesium by soler flux,
and regular durations observed are of the order of 30 minutes or more at

30 MEZ and SO MHZ. The returns at 150 MHZ are of a few seconds duration both
day and night.

The extent of a possible gurve:lllance area is not known precisely but
results from ProJect Red Lampl and ProjJect Firefly can give an estimate.

In Project Red Lamp the electron cloud release was made e+ 120 km at 2:00 A.M.
L.S.T. and was exemined in detail during the period of initial expansion
(approximated 0.5 sec) by both monostatic (backscatter) and bistatic (forward
scatter) C.W. radars in the HF band. One third of a second after release,

all obg:rvers (forward and backscatter) reported cross sections of about
1X10 2, indicating an initial spherical expansion. The locations of the
observing sites indicated that the minimum radius of ground coverage was
about 200 nmi (370 k) in all diregtions for a total effective surveillance
area of 120,000 nmi2 or 430,000 kn=. These values do not imply that the
effective area seen by monostatic backscatter radar would be as large. They
only indicate that widely dispersed radar receiving stations obtained signels
of sufficient strength for a crude cross section calcuiation. The geometrical
configuration of the receiving sites involved btoth backscatter and side
scatter. After initial expeansion the cloud was observed to expend slowly

and reached its largest value & few minutes after release but the detalls
were not investigated. Aithough the release was made near the least optimum
time of day (2:00 AM LST) and not at the optimum altitude, substential
returns directly from the cloud were observed on both backscatter and side
scatter modes for a period of minutes after release.

Scatter from & spherical cloud leads to ambiguities in range. If the
cloud is deposited in the 100 km region (the optimum region es determined
experimentally) where the wind shears are strong then after initial expension
the longer lasting parts of the cloud will more and more resemble a flat
plate so that the scattering in the forward direction be favored over
that in other directions. Experiment bears this out.13,1% The relatively
"flat" plate comes from the fact that below 90 km altitude or so recombi-
nation quickly depletes the electron cloud and above 110 km altitude
Pregssure equilibrium ieads to low densities and the cloud dissipates more
quickly. Experiment also bears this ocut.l3 Optimm electron clowd altitude
has been found to be approximately 100 km + 5 km.

Forward scatter HF commmications experiments under Project Firefly
can give an estimate of the effective survei.lance area provided by an
electron cloud after initial expansion has taken place.

In thegse experiments, one tramnsmitter of 1 kw average power was used
in confunction with several receiving stations positioned at ranges up to
1800 nmi in front of the transmitter and at various angles from the azimuthal
beam boresight direction. When the electron cloud wes released at 100 xm
altitude at about 200 nmi in front of the transmitter;, receivers in the
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dirsct path received the best sigrals. Substéntisl sigpsls have been
received simulisneously &t 400 umi and 1400 smi from the transmitter via
the electron cloud. Ozcasional eignals were received up to 1800 rv)
range from the travsmitter. Receivers located at equal ranges witl'o

+ 10° from the boresight divection received substsntially the same
Signal strengbh from nesrly below the clou’ out to 800 nm!t range.
Receiving stations which were more than 30° awsy from boresight received
sigpals considersbly lower in amplitude (approx. 20 db) than those within
the 10° regioz.

These experiments give an estlmate of the effectlve area of forward
scatbey, L.e., the srse below and beyoni the electron cloud. Using the
10° beumyldth and the distances indicatel above, & crude estimate of the
effective smvelllance srea would be 160,000 milez? or equivalent to a
400 mile sguars. The effective beamwidih supplied by the cloud will not
vary apprecishly with frequency.

Electron clouwd duration is strongly depepdent on release altitude.
The release must take viace bebtween 95 km spd 105 km altitule for maximum
duration. Currently there are two methode of boosting the payload to
this altitude and poth metons have provan 4o be highly reliable.

The trsditional metbod 18 to use a 4two stage rocket like the Nike-
Apache or Nike=Cajun. The specific bype of rocket usged depends on the
payloai-altitude requizemerts as well ag the avallsbility of the rocket.

A nesrer method of abtbalning proper eltitude is by the use of the
Projact Harp teslrigue in which the payload iz £irsd from a gun.23
Suitsble el=cSron cloud paylosds and megy egulvalent payloads have been
successfully teszSed oa & reguler bssgls et the Barbados site which uses
& 16 inch Navy g £or poyiosd lawaches. The aivantages of using the
16 inch g ars improved repestabilily emd low cost.

Tn the mroposed experiment no cperational 16 inch g is close
exough to the operational »sder to be of sny uvss.

‘Ga Wallops Isised currertly & 7 inch gun is telng tested for placing
10 1b. psylogsds a% 200 lm sltitude. This gun bes a barrel length of sboub
6D £t. waich iz t20 lomg for shiphoani use. There are in existence
shivbosrd rocket lewgchers which could be used for the cegium reyload.
Wallops Taland liles close to both the NRL rsder and the I.T.T. radar.
wWallops JTsland cen alsc be used a3 a rocket lawnch site.

It 13 proposed tkat several 18 kg peylosds be obteined and launched
via rockets from Wallops Islepd at night. IfL the T inch gun goes into
suscessful operation, then sultable payloads csa be acy,ured and
advantage taken of the low cost of use of the gun. It 1s suggested that
ailrline schedules eard ship schedules in the vicinity of Bermuda be
acquired, since sirplane detection can be used as a type of calibration
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signal by the NRL radsar. The peyloads should be launched preferably at
night to take advantage of the low noise conditions. Since the effective
beanwidth of the cloud doesn't chenge with frequency, the highest possible
frequency in the HF band should be used to further take advantage of the
noise conditions. This can be done also during the daytime, if one

chooses to take advantage of the longer cloud life that the daytime
provides. At the higher frequemcies the dsytime D layer losses would cause
no problems. A launch ezimuth toward Bermmda is suggested since air traffic
can be used as a calibration, and ship traffic can be used as targets and
there 18 a possibility of devecting the islands themselves.

Payloads can be provided by Space Data Corporation of Phoenix,
Arizona. The total cost of acguiring and firing a peyload via rocket
launch is approximately $10,000 per payload. Probability of total success
is about 80%. Mr. Edward Allen of Space Data claims that the peyloads can
be stored irdefimitely.

For the gun lewnched peyloads, the total cost is approximately $2500
with a probability of success near 90% for the 16 inch Barbados gun and &
yet to be determinedl figure for the 7 inch gun at Wallops Island.

When the T inch gun can be used successfully, them the 10 1b - 20 lb
payloads should be suiteble for further tests, especially in the daytinme
wvhen the electzon demsity becomes enhanced.

On the other hepd if a smallor effective beamwidth is desired for
study purposes, then perbsps the smaller payloads would be suitable.

SUMMARY OF OBJECTZIVES

In summary, a major objlective of this experiment would be to determine
the radar characteristics of a shiy in an OFH mode taking into accowmt
agpect angle and pelarization without the added complexities of iomospheric
motion. This would have the two-fold result of measuring the feasibility
of such detection as well as providing a recognizadble signature if successful.

Anotheyr mador oblective would be to extract features wmiqQue to the
specific backscatter clutter to determine whether or not it is from land or
gea apd whether or mot specific large geographical features can be recognized,
i.e., mountain ranges or large bodles of watexr; cities, etec.;, by both
amplituie and doppler anelysis.

A third objective of such an experiment would be the evaluation of the
technique in terms of en operational. ocean surveillance system. Because its
ugefulness extends far above the HF region (more than 50 MHZ) and because it
can be used at night as well as deytime, the lower noise levels at the
higher frequencies meke it attractive.

10 SECRET
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SOME OPERATIONAL CONSXDERATIONS

For ships at see which can carry suitably sized guns, peyloeds can be
acquired and launched from the ships at sea for purposes of communication
or for survelllance. A modest sized radar located on the ship designed for
operation near or above 50 MHZ could be used for over=-the-horizon
surveillance or commmication up to several hundred miles from the ship.

In such a case the skip distance would no longer represent a limitation
to coverage, since the cloud can be released nearly overhead to detect
targets just beyond the horizon as well as at longer renges.

Alternately & ghors based radar could use the ship launched cloud
independently of or simultaneously with the ship's radar for surveillance !
or communications at longer ranges.

Such an electron cloud could also be ugsed with & vertical polarized
ground wave radar to provide continuous coverage from zero range out to
several hundreds of miles.

Finally, if initiel studies are moderately successful, consideration
should be given to similer releases in the aurorel zone, for example, from
Ft. Churchill, for determining if rader capebility and communications can
be improved. Direct exsmination of the cloud with & pulse backscatter
rader, even at long range should be able to detect cloud behavior which
would indicate the further steps to be taken.
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