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DETERMINATION OF THE INTEGRAL WATER
CONTENT OF RAIN CLOUDS AND DEPTH OF
THE RAIN LAYER BY SHF RADIOMETRIC

METHJD

A. G. Gorelik and V. V. Kalashnikov

1. The attenuation of the microradiowaves in clouds depends
on their meteorological parameters and can be found from the
value of the brightness temperature or directly by a decrease
in the signal from the extraterresstrial source of radio emission
[1, 2]). 1In the presence of clouds without precipitation the
absorption can be determined by the simplified procedure given
in [2, 3]. The connection between the radio brightress témpera-
ture and optical thickness of the radiction rain layer was
ottained as a result of the solution of the equation of the
transfer of microwave radiation in operation [4]. On the basis
of this dependence on the value of the reasured brilghtness
temperatur:s a complete reduction in the clouds was determined
with precipitation in the form of rain (Tk) which is equal to
the sum of the zbsorption in the light-droplet cloud layer (TO)
and the decrease in rain (TA)

T A (1)
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Absorption in the cloud layer is connected with the integral water i
content by relationship [2]

e

To -- 1541 Q, . (2)

where Q is the integral water content of the clouds, kA is the '
specific absorption coefficient in tle cloud, T is the effective :
cloud temperature. ’

The decrease in rain not allowing for the multiple dispersion . !
also during known, distribution of the rain drops constant with
height according to dimensions N(d) is equal to ;

Toovalh V() (3)

S

The specific attenuation factor in rain can be zalculated according
to formula

Vo= ; \ AR Am. Y N ad, (4)

'
1

where K(m, p) is the attenuation efficiency factor, the method
and the results of the calculation of w-ich for the microwive :
range are discussed in werks [6, 7]. The equivalent d=pth of %
the rain layer hA is the parameter which characterizes the '
vertical extent of the rain layer, the drop spectrum in which

remains invar.able and the same as on the earth's surface.

h
f vI N(e; i)} db
h — 0
= e
YIN;0)) .

Substituting in (1) relationships (2) and 73), we will

obtain the system of equations for wavelengths A. and A

1 2
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W) = ya () hy - £ T) G,
(k) =y (h2) hy - k(is; 79, (5)

where the unknowns are the equivalent height of the formation of

hydrometeors hA, and the integral water content of the light-droplet
layer of rain clouds Q, from (5)

i ol k Ca pd
"”-‘:\._'T.l A= ‘i'-. |4 = VR (6)
VY2 T : f\‘zkzi

The analysis of the determinant |A| of system (5), carried c.t

for all possible combinations cf waves 0.8; 1.35; 2.5; 3.2 cm

with the rainfall intensity 1-100 mr/h, showed that not only

the absolute value IAI was not constant, but even the sign changed
in a number of cases.

Calculations of the determinant were performed for the
different spectra of drops with a concentration of 100-1000 m—3
and effective temperatures of the cloud layer changing within
the limits - 20-20°C for every value of rainfall intensity.

The spectra of drops were calculated in accordance with the
procedure given in [8, 9].

The combination of waves 0.8-1.35 cm make: it possible to
measure the integral water content of cloud layer and the depth
of the rain layer in an interval of rainfall intensity of 1-5 mm/h
during virtually all changes in the meteorological parameters.
The palr of waves 2.5-3.2 <m is applied during rainfall intensity
to 30 mm/h.

However, analysis of the determinant of the system of equations
(5) does not give a complete representation of the possibility
of the measurement of the integral water content and equivalent
rai layer depth by he SHF-radiometric method, since the
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numerators of formulas (6) |A1| and |A,| remain unknown due to
the absence of experimental data on the interconnection of the

- water content of the cloud layer and intensity, the spectrum of

the drops and rain layer depth. inal ccnclusions about the coptimum
combination of waves can be made according to the results of
cooresponding experiments during the develogrment of the method

of the computation of the multiple scattering of microwave

radiation by the rain drops.

2. The experimental wcrk procedure and equinment were
s2lected with the purrose of determination of integral water
content of clouds not providing precipitation, or of clouds
with precipitation in the form of rain. The measurements of
the radio emission of cloudy atmosphere were conducted on a
radiotelescope with an antenna 3 m in diameter, where the SHF-
radiometric equipment of ranges 0.8 and 1.35 cm was established.

The besic technical specifications of equipment and the

antenna feed circuit are given in Table 1.

Table 1.

[
A cm §T °K Af MHz Ad! a dB n(l - B)
0.8 30 2.05 49.70
1.35 1.2 .30 2.01 0.75

In Table 1 8T is the [luctuation threshold of the equipment
response with the time constant 17 = 1 s; Af is the IF amplifer
passband; A¢' is the half-width of the radiation pattern of the
half power level; a is the total losses in the wave guide tract;
n, B are the efficiency factor and the isotropic scattering

coefficient of the antenna.

The estimation of the effective temperature of the cloud
layer was conducted by depth measurcments of the upper boundary
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of the clouds with the aid of the X-band R. S. and of the depth
of the lower boundarv with the aid of the IVO-1 device with the
inclusion of the data on the vertical profile of the temperature,
obtained from the results of radiosounding.  The determination
of the effective temperature with the known distribution of the
water content w(h) with height of cloud and the vertical profile
of the temperatire can be conducted according to the formula

hy
§ Tk (Tyw (h)dn
i

Pom B0
hy

Uk (T)w (k) dh
hy

Precise es. ‘mation of the effective temperature of the ecloud
layer has great significance, since temperature dependence k (T)
1s clearly expressed [3] and the error in the determination of
T at 1°K corresponds to the measurement error of the integral
water content equal to 2%. The easiest method of the effective
temperature estimation with the known height of zero isotherm,
of the lower and upper boundaries of the cloud layer and with
the vertical temperature profile consists of the measurement

of the mean temperature of the cloud

' T, =T,
Ttp= 1 i 2 ’

where T1 and T2 are the temperatures at the lower and upper
bouncary levels of the clouds respectively.

A comparison of the values of mean T cp and eftfective T
temperatures in examples of clouds with the known two types of
distribution of temperature and water content over the vertical
extent of the cloud layer [5] shows that the greatest disagreements
betwecen TCp and T reach 5°C with uneven distribution of the water
content with height, and with a large drop in the temperatures
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at the level of the uppoer and lower boundaries of the rloud layer
(first type of distribution w(h) [5]). At the lesser vertical
extent of stratus clouds and the more even distribution of water
content with height (second type of distribution w(h) value

(TCp - T) does not exceed 1°K.

Thus, during the determination of the integral water content
of single~layer cloudcover the replacement of the effective
temperature by the mean temperature is permissible; in this case
the maximum errors of the single-wave measurements are found
within the limits of 2-10% and can be decreased due to the
estimations of the condensed moisture concentration with the
height of the cloud during the known tempe:ature distribution
and the boundary height. With the presence of multilayer cloud-
cover the problem of the determination of the effective temperature
is complicated by the fact that the integral water content of
the separate layers can vary greatly; therefore the estimation
of the effective temperature of the drop moisture as the average
between the separate layers can lead to more considerable errors
than with single-~layer cloudcover.

The distribution of the rain drops according to dimensions
was measured by the trial and error method on filter paper.
Samples were taken directly at the observation point. The exposure
time of the samples was selected within the limits of 2-8 s.
Radiothermal and radar surveillance were conducted in the regime
of aircraft sounding. When selecting the radiotelescope antenna
the effect of the width of the radlation pattern on the accuracy
of the experimental results was considered during the comparison
of these radlotelescope and ground-based measurements. With a
wide radiation pattern (>1°) the comparison of the results
becomes difficult due to both the large space averaging and as
the result of the premature "lock-on" of meteorological objects




by the radiation pattern. So, with tne antenna diameter of 0.6 m

the time deviations of the grouid-baced and distance observaticns

r;%ég}g;f: Ry bv‘.f‘.,‘:‘ v:““ ‘l,:‘v::"' “':‘:;‘.:S ’.. =

i
reached 40 s, whereas SHF-radiometric measurements wer> conducted 5
with tine constant of t = 4 s. : i
5 1
i
3. The results of the measurements of integral water content f 3

: £
of clouds with precipitation in the form of »ain, obtained by _é t
observaitions of waves of 0.8 and 1.35 cm with a simultaneous % ?
measurz2ment of the distribution of the drops according to dimensicns f% ;

at the earth's surface, are represented in Table 2.

ek X0
22502

In Table 2 QO is the integral water content of the cloud
layer, QA is the integral water content of rain, h'[l is the
equivalent height of the formation of hydrometeors. The integral

L HE SRR, S
o

RO

water content of rain was determined by measurements of the

distribution of the drops of rair according to dimensions at
the earth's surface and calculations of the equivalent rain
layer depth.

T™he data in Table 2 show that the integral water content of
the cloud layers in all cases exceeds the value of the integral
water content of rain. The measurement accuracy of integral
cloud water content with precipitation in the form of rain
~ by the SHF-radiometric method is lower than the clouds not giving
off precipitation, since in this case supplementary errors appear
during the interpretation of the spectra of the rain drops, or as

e < AR R i B KA N s e

a result of wind deflection during the incidence time of the

b

hydrometeors.

v

The 10% error during measurement of the radio brightness
temperature of the attenuation factor in ralia corresponds to
the 15% determination error of the integral water content of

R A Tl b o i e S L v el e T e

the clouds. During the unfavorable combinatinn of measurement

errors of the attenuation factor and the radio brightness
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temperature at 10% the error in the determination of integral
water content can reach 25%. The greatest difficulty during

the determination of the integral water ccntent of the rain clouds
appears as a result of the measurement error in the spectrum

of the rain drops, and also as a result of the effect of the

wind deflection of the drops.

The accuracy of the determinatior of integral water content
depends also on the rainfall intensity during the measurements
usiang fixed waves. For example, applying the combination of
0.8 and 1.35 cm waves it is necessary to keep in mind that with
I > 10 mm/h the saturation of the radio brightness temperature
is observed in the regime of vertical sounding on a wave of 0.8 cm.
The rainfall intensity range in which the integral water content
of che cloud layer can be measured is determined by the correct
selection of the wavelengths at which the measurements of the
radiothermal radiation of atmospheric formations are conducted.

If in the combination of waves the minimum wavelength is seclected
equal to 1.35 cm, then the measurements are possible of the

integral water content of the clouds with precipitation in the

form of rain up to 30-40 mm/h intensity. In this case one keeps

in mind the maximum intensity of rainfall which fell from a
separate cumulonimbus cloud or with a source in nimbostratus clouds.

The determination of the integral water content of the light-
droplet cloud layer with precipitation in the form of rain will
make 1t possible to establish the intevconnection between the
quantity of water which is located in the cloud layer and that
which precipitates to the earth in all stages of the development
of the clouds both in the nucleus and in the peripheral areas
of the cloud.

FTD~-MT-24-700- 73 8
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Table 2. :
¢ Q h xmilQ Q |
0 a by km! ; 0 \ A h_ km. .
kg/m? kg/m? . ’ i kg/m® i kg/m? -
: v f
i .
L1 049 1,5 (. 1.6 0.18 1.5 ]
1.8 0.55 1.7 1t 22 0,10 0,7
1,2 0,50 1,9 i ] 1,3 0,22 1,8
0.9 0.58 2,6 ! 1.3 0.18 33 3
1,2 0.33 20 (] 12 0.13 1,7
1,3 0,52 2,2 - 1,4 0,09 0,8
2,7 0.20 06 ! ;- 1. 0,14 2,5
0,5 0,72 4,0 1,5 0,09 1.0
2.4 0.26 1,0 . 1,1 0,16 1.6
2.7 0,09 0,5 - 1.9 0,16 1,3
2,5 0,17 0.7 l 1,7 0,10 0.8 ;
1,1 0,72 3.0 - 1.9 0,08 0,6 :
1,5 0,54 1.8 2,0 0.14 0.5 b
2.0 1,27 29 ¢ 1,1 0,29 1.0 :
0.9 0,67 2,4 ¢ 1,4 0,27 0,2 :
0.6 0,26 1.7 | 2,6 0,18 0.6 e
1,4 0,24 2,1 ! 2,3 0,29 0.8 ;
K
; 1
BIBLIOGRAPHY
. LKyryaa Bl TL Okencpuvvaratvisele Hecae1onaing 0c2abaciug o pazioinsvyes
aua zenae s CBY-nazese Tpyaw TFO, 1043, s, 222, 111—120.
2 KepawunC A, Tpouwarui B C, Wedrana H M Pavronaayuenite arvo-

Ceppt HRCCACTOBAHIC HOTIOUICHHA CANTHMLTOMLN BOaK. Hau BV 3op, patiusi.
3k, 1938, 1. 1, Ne 2,

Jbawapunon A F. Kir1y3za B T Hecacaosawne pazitinayuenus i norao-
mein? 00.JAUM0R ATVeChoTL 3 MILLLIMETPOROM i JQUTHMeTpoBoM  1ild1337taX
poaw. Tpyam I'TO, 1953, sren. 222, 100—110.

L Beawow B A, Yepuas MM Tepednc Mesposaanonoro izayuenis 8 06aa-
KeX oocairax. Tpyaw ITO. 1068, srrs, 222, §3—49, Q

3. bopowunosA M, Fausopnucknit . 11.3ax E.T. Kocrape: B B,
Masua lL I, Munepnan B E, lWnerep C. M. ®uziika o6aakos. Tiipo-
serizat, J1, 1451

6. Ulwé pun K. C. Pasceanne ~uera B mymoft cpee. THTTL M. 1951

LoWudpun KOC, Hepirsx M M [lotaomense w paccesiie MEKPOPAIHOBIIN

B ocajkax. Tpvaw I'TO, 1053, prn. 222, 74—82.

3 8 Topeank LI, Cyuprnosa . A O c5a3u 20IHOITH 3 EITEHCHBHOCTH 0201-
4 KOR € D2RUCIOKRLIONINN I3 0MACMOCTLI0 MCTeCOD bORTA DI DUl THUHBIN 1apavc -
] pax pacipeledchis Kareab 1o pasenasm, Tpyta LAO, 1963, aun. 48, C3--105.
3 STopeauns AT, Poawsas ¢l 8. lewass JLA, Huskynos BB Poe
E ¥ BYANTLTE COBMECTHLIN Pt i T0REICTNIY I HAZOMULIN HAMEDCAI MHKDOCTP L RTY
E put ocaakon. Has, AH CCCP, cep. a3 ary y ckeana, 19570 1.3, Ne 0 "3 065,
S

{
B ‘
3
E .

FTD-MT-24.-700-73 9




