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On the Accuracy of Radar lleasuring <he Altitude of Clouds

by

4 A. ¥, Borovikov, V. V, Kostarev

In this report are discussed results of comparative radar and aircraft obser-
vations of altitude boundaries of clouds, It was established, that with the aid of
a radar station, de;eloped ;t thé TSAO, is possible a convenient for practical
purposes altitude measurement of the upper bourdaries of clouds with an accuracy
of ¥ 100 m, The practical zdvisabiliiy ol the employing tne radar method for
measuring the altitude of lower cloud boundaries is explained, Tais is due to
tae "masking"” of lower boundaries of radar images of clouds on account of large
particles falling out from tke clouds,

Greater possibilities of the radar method in determinirng spatial positien of
clouds make it very alluring for practical employment, e.g. for meteorological
services of aviation, t is therefore natural, that in recent years in the USSR
as well as broad extensive research was conducted on the development of this
method. 3But all or a predominent majority of radar systems used for %nat purpose
detected not the clouds ithemselves, but the large droplet zone in taem, which
unconditionally consiierably reduced the practical value of observation results,
because the altitudes of clouds were measured with greater errors, and in some
instances the clouds appeared 1o be generally loca‘ionally irvisible,

In 13556-1958 in ihe radar lab ot TSAO was developed a special radar set of
meteorological application, offering the possidility of detecting not only large
droplet zones, but also the clouds themselves, Tais statior was constructed with
the use of blocks and mecharisms of series aprarature, subjected to suitable moderr

for
ization, Furthermcre, / the Tention sei was especially developed a device for

increasing the sensitivi‘ty of the receiver, based on the accunul

ation principle,
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‘ne video amplifier circuit was changed and the artenna arrangement was enlarged,

L3 results of the adopted measures it was possible ‘o increase the poiential
of the station %<0 a value, assuring radar deleclion of clouds to necessary altitudes
iy a predomirant ma jority of cases, It appears, that the realization of radar
cloud observation on a 3 cm wave will increase the accuracy of obiained data in
comparison with the use of a millimeter range, as result of lesser absorption,
especially during propagation in precipitates,

To explain the possibilities of employirg the developed radar system, and the
accuracy of its measureméﬁt in +he Fall of 1959 in the region of Krivoy Rog and in
‘he Spring of 1950 in Vilro were carried ou! series of comparative aircraft and
radar observations, In this report are given the results of these otservations,

It is apparent, that to obtain reliadle and comparable radar and aircraft
data on the veriical disiribution (altitules of boundaries) of clouds it is
necessary ‘o fulfill certain basic requiremenis:

~ maximua combination of these observations in time,

In this connection it became necessary to conduct a series of preliminary
experimner%s for processing and defining the method of comparative aircraft and
radar observations, As result was developed a suitable method of parallel otserva-
tions, which later on, wiih certain variations was used in selecting conparative
data;

Combinirg 4the measuremenis in space and time was attained in the following
manrer, The radar station was set up at the airfield directly in line with <he
homirg station, At such an arrargenment the beam of the radar system coincided
practically with the beam of ihe radar homing station, The aircraft executed
subseguer’ flights alorg the boundaries ol clouds in the approach of homing sta-
tions, 3eiween the aircraf: and the locator was estadlished direct UEr-radio
cormmurication, Thanks %o this it was posszidle to warn ‘he personrel of ike loca-

tion station atou! the apzroach of the aircraft to the homing station, around which
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the locator station is locatea, ard ‘o trarsmit a sigral at the zoment it flew
over the homing station,

It was established after a numnoer of experiments that vertical radar sounding
is most appropriate, At such a method the over flight of the aircraft over the
location station was clearly noticed in form of a bdrighat blip flying over the
station of the aircraf: on “he radar rephogsram, and in some irstances also on the
taps of the output register of the storing bdlock in form of a sharp splash of the
‘recording line, In add1t1or, at vertical direction of the beam the accuracy of
radar measuring cloud alt 1tude increasedl,

In view of the fact that <te width of the radar bean was 0.80, and the width
of the beam of the homingz radiostation aboul 2°, in some irstances the passages
of the aircraft over the radar honing station have not been noticed, and the pass—
:ing monents were fixed upon +he comnand from ithe pilot, trarnszitted over radio,

Basic measu:egents of cloud boundary altitude on *‘he aircraft were carried
out directly when passing the homing radar station, Tzese zeasuremenis were later
on used as reference measurezents. 3u% in conreclior with the fact that cloud
altitude location measuremenis (gate passages) were carried out more frequently,
than the passages of the aircraft along ihe boundary of the cloud directily
through the locator beam (over tze nozing station), for tae purpose of obdiaining
more nunerical data and to compare ihe altitudes we used synchronous aeasure” -nis
of cloud boundary altitudes by the aircraft and locator directly in one point,
as well as simulieneous altitude measuremerts by aircraft ard locator at a ceriain
distance - up to 1-2 ka - at ‘he *ime of approach or depariure of the aircrafit
from the homing station alor. ..e boundaries of the clouds. In tke first case
were used direct cloul Tounczry altitude readings at the moment of approacning “te
1. Radar sounding no: by vertical, dul at a2 ceriain angle was dore only in tiese

sufficien*ly rare cases, when the upper dbourndary of iae clo uds appears to de
si‘uated too low (less than 300am).
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homing etation, in the second were iaker irto consideration the fluctuations of
cloud boundary altitudes at the given roment on this section of the path, If
the altitude, deternined by radar, was wiirin the limits of cloud boundary fluctua-
tiorns, the altitude differential at this section was accepted as equalling zero,
During the second expedition observations of cloud altitudes were made in
18 flights, But suitadble for comparison were only 13 flights (2 in first and 11 in
in second)., The remaining could not be used neiiher because of tte presence of
precipitations under the cloud, having emitted a greater sigral, masking the true
position of cloud bounéaries, ;r because the upper boundary was not reached, or,
finally;of technical irouble of the station (which took place only in the first
expedition). 1In these flights a total of 158 comparative measurements of upper
cloud boundary altitude and 13 - lower altitude - were made,

Comparison results are given in fig. 1,2,13.

“
20
0*—*——‘-——&—‘-‘4 -
“wo 600 e
Fig.1. DistributionA)l:th ~%ge l-upper Fig.,2, Graph of stored repetition fre-
boundary, 2-lower boundary, quencies AN for upper cloud “oundaries,

As shown by conparison results, tze accuracy of radar measuring “he altitud
J g ] ’ J ng ude
of upper cloud boundary appears to te perfectly satisfactory, The mean arith-
rmetic error of all comparative neasurements equals only 8 m, and root-mean
square - 135 m,
But these statistical jaraneters, even though they are sufficierntly satis-
factory in magnitule, yel they are still in our case very formal and insufficiently

clearly defining the ‘rue accuracy of the method, lluch more characteristic in this
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respect are distridbution grapns in fig. 1 and 2. As is evident, irn 51% of all
irns‘ances of comparative measurements the radar altitile coincided with the
altitule according to the aircraft with an accuracy of 2 50 m, i,e, within nmeas-

urement accuracy limits, Differences in 80% of instances do not exceed % 150 m,

Tor
i, e. the coircidence is satisfactory / practical purposes, e,g. for needs of

aviation,

hature of the distribution curve - skarp maximua at zero @ith steep drop to the
right and left, considerable symmetry of rigat and left paris - clearly indicate,
that consicerable divergences (> 100 =) in altitudes, measured by various methods,
are rot systematic, but bear a purely incidenial rature and, apparently, appear to
be the result of error in counting in visual estinmation of magnitude of upper
boundary al4itude fluctuations, or errors of ‘he radar operator,

True there is a certain prevalence in positive differences (Rr/1'Ns)’
especially at greater magnitudes of these differences, ost likely, this is
explained by the iaperfectress of the sysiem controlling ‘he rate of motion
connecting <he strobepulse in the storage block, which requires accurate setting
of tre potertiometer and at an operator error resulis in overestimation of dis-
tanrces, It saould be pointed out separately, that during the cbservations was
not rioticed the effect of precipitations under the clouds on ihe accuract of
radar data concerning the altitude of upper boundary. This is confirmed by an
identical o923 conformity of parallel nmeasuremeni res:lis or. tbhe locator and the
aircraft, and also by the identical nature of radar rneprograms and storage re-
corier durizz the origination of:discontinua:ion of precipitations along iie
distribution (propagation) path (i.e. bYeiween observed clouds and the radar),
This circuzmstance is highly essential, because on an 8-ma wave should be arniicipated
corsiderable errors, caused by the absorption of energy of 8 mm radiation in
¢.cuis and precipitations,

Locatior measurements of upper cloud doundary altitude also allows to ob%ain

data or the rature of upper cloud surface fluz“uations ard about tte limits of
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their fluctuations,. To do tris such observations saould be carried out quite fre-
quently-with an interval of 1-2 min, 1In fig. 3 are given schematic data of one
such case of subsequent measurements, As is evident, a predoninent majority :f
location altitudes (wita the exception of iwo) lies within limits of upper surface
:altitude fluctuatiors, observed {rom the aircraft, and their end positions are in
excellent conformity with aralogous aircraft data,

e [

300-

-

800 -

Fig.3. Example of comparative observations on lay 25, 19603 1-altitude of up-
per boundary by radar; 2-altitude of upper boundary by aircraft; 3-moment the
aircraft passes over the radar; 4-altitude fluctuation limits of upper cloud
boundaries by aircraft observations,

As already mentioned before, in the carried out flights in addition to the
observation of upper cloud boundaries a consideradle number of comparative observa-
tions vas made also over the lower bdoundary, But these observations have shown the
inadvisability of employing the radar method in determining the altitude of lower
boundary for the following reasons,

First of 411 radar determinatior of altitude of lower boundary is impossible
when from the clouds are separated precipitations, because the latter issue a sig-
nal all the way down to eartk, The repetition of such instances is hipgh, especi-
ally in Fall-linter season,

Secondly, data aboui the height of lower bourdary of clouds by radar appear to
be considerably distorted in i‘hese cases, when froa clouds come out precipitations,
which do not reach the Earih or visually invisible large particles, As shovn by

our data, such phenomera are observed quite {requently, wneredy ‘he large parti-

cles may fall out from the cloud at very great distarces. Consequently, also in
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:theae cases radar measurements of lower boundary altitudes are praciically aimless,

In this way, suitable for measuring lower boundaries by radar methods are
,onl; the cases, when the cloud has absolutely no large particles, or when they
do exist in the cloud, but ’'o not fall out from it at greater distances,

The results of comparing lower boundary altitudes of such clouds are given
in fiz.1. It is evident, that the naximum ol the distridbution curve is shifted con-
siderably to the left ~ in direction of lower location altitudes of the lower
:boundary. The reason for that is apparent, the dissemination of visually unseen
large particles undéf éhé.cfﬁﬁé;A Corsequently, also at such clouds the altitude
of the lower boundary is in a large percentage determined with substantial errors,
Furthermore, it is clear ihat the number of such clouds among all the clouds is
small, and there are no methods for predicting whether the cloud bas large
particles or not,
| But the above mentioned lack of perspectiveness of radar measuring lower
boundary altitude should not be the cause for discontinuing efforts to reduce
the lower altitude limit of location sounding, because such a reduction is :.cess-
ary for measuring the altitude of wupper bourdaries of low clouds, lower than
0,6-0.7 knm,

These causes considerably 1imit ithe possibility for radar determination of
cloud boundaries at multilayer cloudiness and position of cloudless layers. The
fact is, large particles falling out from higher situated layers may totally or
partially mask the cloudless intervals beitween the layers, ’

Ordinarily at a relatively small vertical stretch of cloudless layers
(to 400-500m) is observed ‘otal masking of same and multilayer cloudiness on the
locator screen or on the storage attachment recording tape are fixed, as one
8olid layer. At a greater distance beiween the cloud layers, e.g. in presence

of clouds of various formatiors, the cloudless layer between-them is ordinarily

spotied by radar, even though with distoriion of the true vertical expansion of
same depending upon the depth of fall out of largze particles,
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In this way, at present itime with the aid of radar is possible to obtain
only orientation data about the multilayer formation of clouds, If the radar
does pick up cloudless layers, meaning such actually do exist, even if larger in
nagnitude, 3But the absence of these layers by radar data does not indicate that
‘'such layers do not truly exist.

Tae above given analysis of results of comparative aircraft and location
,(radar) observations allows to make a conclusion, that with the aid of aero;
llogical radar station is possible to measure upper boundury altitudes of clouds

PR

with an accuracy cf ?100nina range of from 0,8 to 6-7 km., and also to obtain
orientation data on the presence of multilayer clouds, This in turn, indicates
‘that the radar of given type is suitable for use for purposes of aviation

meteorological services,

~3
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