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Noise temperature and attenuation due to clouds in microwave and
millimetrewave frequency bands for satellite borne systems
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Abstract Atmosphene notse tomperatere e the mucowan e and mdhimctrewave bands s o u clut pans naer o detenmine the cdoud
charactersties as well as total waicr Capout content e the tediune Mtonaation of the tadeasas e operatne Lons THGEE o Ton Gz s also uscful

tostudy the clouds and ram eflecto 1S D Slobim Raeo S 0 17 8RS0 0] Mo bomegperatarcand attemzation due o doud have boen denval at

varous trequencies 10 has been foand that 15 GELe v the ot oitable toquency Torcadie ot clond propannc, Phe olects of water content in the
clouds and herght tthechnesd ot the Cead on doud none emiporatun e boecdodaced The anabvical tudie have tovealed that somie of

bequencies are altopcthor ansmitable tor coud stadies particnlay e ettoor ot Oond o nenmiame o the requenae e 33 Gz Lo ob G,

heywords Attenuaiion clead aemal tnei
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i, Introduction compared to the clouds Further the ramn s also very much

e tota] attenuation 1s the surn of the mdividual conmbupons dependenton the location and seasons Clouds are persistent

tor Tonzer periods and more common than the ram But the
-t the magor constitients of the atmosphere such as oxvueen e h - ¢ ¢

) presence of some ot the major components oi' the atmospheric
aater vapour, tam and the clouds Microwave 1adiation at

. . constituent such as onvveen and water sapour s imvartably
¢ equencies below 100 GHYZ and cloud particles smailer than - -

. . Laken 1 to aecount when the total attenuation s calculated
00 pm, the effect of scatterimg s small and absorption 1y

na coudy sitwation Cahibraton aspects at millimetrewave
he only contribunion to attenuation  Fhe absorption medim )
. J | propagation must mcorpordate the results of attenuation for
Lelf ates power mto arecaver and contributes to ;
elf radiates pawer into a rudio ece the accaracy e observations
e total svstem notse temperature. Other contributions to the .
; Fhe study reveals that the noise temperature 15 mote

Astem noise tempetature are cosne bachground, the cround )
j mtormatie and usetul as compared o attenuation The

attenuation for ¢lear air siuation from 10 GHz to 100 GH2
varies fom 00073 dB o S 1720 dB, on the other hand the

and the receiver Noise temperature cllect al water vapout
content ot the atmosphere was studied by Westwater 1]

o , bl S ) MRk ) Ce RIRTRl
sarrud e al [2] Seneral [3ar22 24 GHz for s estimahion G non dae o ddoady condinons have been tound o be

snnth ef af [4] presented the ellect of the gaseous atmasphert om0 3258 13t 28 0139 13 The noise temperature due
studies on precipitable water by Gunn and East I3 ] reported 0 aiig has been estimared o be 135 K at -5 Gz The
the effect of clouds  Considermy, the presence of all the (ypeerq o water content in Cloud and herght (thickness) of the
onstituents of the aimosphere together 1t has been vsetul te cioud on doud  non e temperature have also been discussed

nalvse the eftectof clouds Rams amimportant hvdromercor iy his paper The estimated change m signal o norse rato
Ahen considered along with the eftects o water vapour As du te doad, mdicates that the change i signal to noise rano

s matter of fact, the tam spells are rather oceastional asimereases considerabhv from 70 Gz
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2. Theoretical consideration/cstesicat of the problem

The tutai attenuation of a radiowave propagatmg i the
The
specific attenuation due to water vapour 1s aiven by CCIR
[6] as follows

medium 15 due to water vapour, oxveen, cloud. er

o} —~
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where p, s the specific attenuation coefticient Jue to water
vapour in dB3’km, /s the frequency i Gz and s the water
vapour density in gm/m’

For calculation of the total attenuation along the slant
path, the necessary seale height 7 can be obtamed using the
followmg relauon

/H
fsm? 04 ! vsmno
\

v /

(1a)

where R s the earth radws (6370 km) and ¢ 1s the anele of
elevavon of the satellite

Water vapour s not at ali a well-mivad constituent of the
atmosphere and hence 1 shows varation due te dhanee of
site, season and local meteorological conditions |7} Also the
vertical and horizontal distiibution of water vapour varies
with space and time

Slobin 8], Staehin |9] presented the values ot ¢loud
absorption as a funchion of temperature and waveleneth An
expression for the absorption coctlicient « based oun Stachn
9] 1s given by

PR . GOy . ¢
1343~ X 10 e 7_ll_) 413/ hm )
A

where Af-cloud water particle density g/m?, 7-cloud particle
temperature, Kelvins, 4-wavelength, cms

The absorption coeiticient as used in radiation transter
calculations 18

a(Np/km) = o (dB km)/4 343 (3)

The powse temperature at a given frequency recerved
by an ideal antenna with infimtely narrow beam width
lookmg upward at source outside the atmosphere and
ipnoring, scattering s givea by the equation ot radutive
transter

I=Te "+ J-T(A )ex(s )l exp- Ja( )y’

T, 1s effective antenna nowse temperature in Kelvins,
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1., 15 noise temperature of source outside the atmosphere
(¢ ¢ Black body disc temperature of Sun, moon or cosnyy,
backgrounds) in Kelvins, 7(v) 1s physical ‘lemperature of «
point s n the atmosphere i Kelvins, 71s total atmosphers
attenuation (Optical depth) i Np (Nepers), a(s) 15 totg
atmosphenic attenuation at pomnt s in the atmosphere, 1«
distance from the antenna to a pont in the atmosphere n kn,

The total absorption coeflicient «fs) is the sum of the
individual coetlicients of all the atmospheric constitucnt
The foss through the entire atmosphere i

Lirano) ¢ = C\pJ’(r(V')r/.\”.

L s the Joss through the entire atmosphere and r1s the optical
depth in Nepers

The attennuation due to a single constituent 1§

ot L) jtll:)(/: Sy (401
where s the surface attenuation coefficient in decibels pe

ki and 7,15 the scale heght for absorption, i ki

Knowing the surface attenuation of water vapour, oxyyen
and cloud. and then using their respective scale heights, the
total atienuation 1s deduced  Thus, the total attenuaton 1,

alicrnatvely oiven by
I Yu.\/l,

In this paper scale heght of S-Fkm for oxygen and 3 b
tor cloud have been used But totg) attenuation due to wat.:
vapour has been obtamed by the model represented b
e (1) and along the zenith the necessary scale height with
correction factor appbed using eq (1a)

For a homogenous, isothermal atmosphere, as) . the

mean absorpuon coetficient and 7ts) - 1, the phyvsica
temperature at a point an the atmosphere

For a narrow antenna beam which heeps the source away
from the recewver, the equation of radiative transfer becomes

(assunung /7 - 0)

1, 7:,,(1.[(""‘(/.\.

where /s the top of the atmosphere

I - T, e, (&)
LT\t (

Variation of attenuation due to mamn constituents (ONygeh
and water vapour) hias been shown in the work of Jacol

and Stacey [10], to be approxmmately proportional



Nowe temperature and attenuation due to ouds er

aensity Dependence of attenuation with height o wirn, 1
civen by

a(z)= apen. 10y

where ap1s the surface attenuanion cocthicient, in di3hm and
.7 s the scale height for attcnuation i kms as usual

I'he total attenuation thus v the sum ot significant o
ameasurable contributions from the atmospheric constituents
btamed using eq (7} The models used 1or cach of i
contributors Like water vapour and clowd, are farr v estabhic hed
Lave been used directly Lgs (1) and 2) eave the specite
wtenuation: also. the scale hewghts tor each ot thewe ot
snd-Tatirudes are 2 kmvand 3 ko the worst condition 7
G b gmmtyrespectinely For the oxyveen component t
wetl-aceepted values of CCIR Reports Recammendanons o)
“ave heen used for the estimation of the total attenuahion
“ng scale height of 54 km

i vidently. the total attenuation was calculated and the
der of the noise temperature seobtamed was absa
rupared with the observed values ot the prepinness
wnerirare recorded by the remote sanvang organsations i
S benabsenved to bevers close after Jedaciing the srowd

Cocctawhich et s satistactory Fuasther, the compainson of
trnsfer results and wath

G radiatve ApproNnaticn

scutations have also been dealt i Slobe [8] Phey ditler
aarginally Lyen o the reol atmospheric situation the tionse
apratre shows simbas dependence on the mean physical
wperatare of the consituents near the scade hewht and thie
cal doss factor (£) The analvoical resufts are presented n
smpansen with the sruple approximation an the tollow:
Jhoen
Apain apphoing the sanie condion ol g nartow antennd
team that keeps the souree away from the recener T quathion
*radiative transfer becotnes (asswwing /) -

T, - [l'(.\)u(A)! exp Ju(.\')d\" cHh

il ]

‘e culeulation of 7 from the above expression s snll

cumbersome, even with the use of computers Flis s mainly

e to the double integral torm of the equation We make the

Jeulation easier without lass of generality and realistic

andhitton.
W take

T(s)=Tyexp 2. (i

RY _

shere X5 gy, 0 0278 (at kolkata), usmg ff1s the fapse
i

wite R s the gas constant £/, 1 the scale height for hydrostatic
pressure and g is the acceleration due o gravity
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Py oHDY then tedoces o a much simpler form usime the
above relations (10} and ([2)

I, - I,,Ju..-

Sabvutitiny o HWwWe et
/..) . ”“/(" /|J e e ey
o ahantutim e

Avrain, sabsututinge v gl

7
[ Jx’w it
tedge M
A}

Phas the mteeration soth oy wonld anve the followme resuli

H ;
poop ! !
/. 1
_{_(mnlil V) .
I.” ri_ / {13

Now

teeliginie

10 casy toose that the paneng lenction part s

due to ubvious toasens ot aavalue and e

denomnatonr Aoy ey ol cved that 1y I tor the
frequency more than £5 GEYas has been oberved from the
coledlated vadues ot ¢ o total attenuation Jue 1o the
atmosphereyand 7, - Lo Apphing the above constant

Uie equation tahes the form

R (1)
which approvumates to
I,, /‘IE ! 1

Hoas worthwlide to sce that it assumes the same forni as (9).
which substantiates the well-drawn conchision

The Toss factor tor cach constituent then may be found
ftom

[Tt (15

L(ratio; - 1O 1o )

Cloud temperatures have been estimated by using the surface
temperature and the lapse tate (6 5 K'km)
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3. Cloud types and propertes

Cloud cousists of hquid water particles having drameters
from about 1 aacron cuan) tu as much asy 400 nocrons ()
{11} For companson ramdrops have stze distributions trom
100 i (0 1 mog to S mne Cloads are 0ot w e xaponr
(which i clear, colouriess gas), although relative humdity
ivoncarly 100%5 witlen Jdoud  Clonds canenist at dugh
wmperatares + 20°C as o well temperature below freezimg
pomt at 10

composed ol e ervstals and are not ponerath found at

Fhgh Jevel clonds such as arnis, arg

winpeiatures above P C [12) 1ee donds dio not contabute
substantiabiv to nucrowave sttenuation (thouh they may fead
to depolarizaiton) A paritcatar cload tvpe will e a nange
of water particle sives bar-camulus cloude hane particles
with diameters from 4 to 1S e cumuionimbus clouds hive
particie dizmeters from 2 ap to 106 an, where (the distinotion
between clead particles and suspended v gs not dear
Typreal model cloud drop stze speetre (number of particles
versus dramietery tor numerous cioud tvpes are shownon the
work of Carnier of of Y0V For o qustihiable anaboas of (he
Jdouds we use the most recent resndts of the Licbe's Model
Ji)ud i collecting the NOA A data and aecerding o the
Licbhe's model, Table 1 presents the cloud properties oves
Kolkata

J1s) The varsmons as depreted i the tibulated results osmyp

Thus alse has bees lound to be true in miad lattudes

this model have been meorporated to see die resultant effect
doc to the tange of vanation: Furthiar the observed changes
10 the noise temperature analysis sath the parimctne dinges
pive some conclusne results ahout the charactenstics of the
cloud under study

Table [ Cloud proparties over Calouits

Cloud !\lw

Aot Clowd Hottom teoht fm Lop
Cumulus L G i 200
ANostrate, [ Tun 2900
Stoadn cumulas [T ) RN
Nonnho- et DD fan 100
Straatus U4 Ly i
Srang, fn 2 (ATl loaa
Stradne - [ oe N 00
Stratoc g b,
Steado-camudus (R el NI
gl fatie s lah (Y]
Cam lu cunitu. T cey 2700
Cong G Lnn

cAHGe Pado e aad Ao 391

Fhe ciphoses has been Ld onsene doectly deduable

proportios eb e doud, swhtde wame for ncrowane

communicstion purpose b order e cluadate dus aspect,

the et of the Qowd moes density and ddond heg it
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The observed range of variation has been used (o estim,
the chamge i nose temperature at a desired frequengy, (o
aperation

The attenuation and noise temiperature effects of doud
microwave frequency band lead 1o degradaton gy,
performance of rado svstems 16 the noise temperatuse | |
assumed 10 be 75 tor the cloudy condiion and 7, 1 1)
noise tempetatnee for dear i condion and A 1e g
Juference ot attemumen due to cloud and clear ane then the
cange 1 syennl o nose ratio (ASNR)Y s piven by

ASNR [0 Yop,,

4. Results and discussion

The attenuation due to the Jdear an atmosphere ang ..
clotdy conditions for the operattonal frequencies i the 1
from 15 Gliz 10 100 GHy have been deduced and preson
m bagures Ty and 2ea) Attempt has been made to relae th
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lo1se lemnpe ,
Nowse temperature and attenuation due to clouds e1c

results S0 obtamed 0 use the proper frequency of the
nactowave for the study of cloud charactensuces The otal
ancrowave attenuation 1s the sum of the attenuation due 10
water vapour and oxygen for clear air condiion For cloudy
.onditons, there 1s an additional attenuation term due 10
roud However, 1t has been obscrved that the noise
temperature 1s more nfortiative and uscful for study of
<haractenstics of the constituents of the atmosphere than the
atemuation. Ihs seen in Figure 1 that the maximum anenuation
« obscrved at 60 GHz s due 1o oxygen component For
cperating frequencies between S0 GHz and 70 GHz there 1s

Total Attenuation
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Hlition

Vanatuon of nowe temperature with reguenay o Jeuh,

“tked increasce i the attemuation with a maximun at 60
“r 7 for the charactenistic line of oxypen But i the estimanion
g analysis, the noise wemperatures have been found much

n

Sreadvantageous than the attenuation The atmospheric
we temperatures deduced for cleat au sitnation and cloudy

lton are presented in Frputes 1eb) and 2(b) [t s seen
1othiese figures that the notse temperistuie under clear an
<aditton between 10 GHZ and 100 GHY vanes abruptly ot

AR

different frequencies while ander Cloudy condition the
varaton ol notse temperatare s systemane trom 10 Gy 1
80 GH, The nose temperature 1s around 285 K trom 80 Gilz
to 106 Gy Smce the charactenstic of vanaton of noise
teoperature clearly dicates that certinm treguencies o the
range of operation are really encigy consunmung and resndts
i radiaton losses due to absorption of the major constituents
of the carth's atmosphere Particularly, the losses due to wite
vapour and oxy gen gIve rise (0 mereiase i noise leniperature
and peaks at frequencies of 22 235 GHz and ot Gl
respectively (Figure 1h)

The noase temperatwee duce to cloud. which s the difference
of noise temperatire under cloudy condition and clear an
sttuation m the present study has also been determmed and
presented in Figure 30t has been estimiated than the noise
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Figure 3 Chanpe m nore empenitone vanation sath frcgquency e

Jdouds rohitae o dear e stuation

temperatures due to clond at 45 Gl and 80 GHZzoare
i Koand 125 K orespectively which are amsimum valoues
m the frequency ranee from 10 GHz 1o 100 GHZ The noise
temiperatures duce 1o cloud at 35 GHz and o6 GEH are 0 6
N oand 0 KN
remperature doc o cond merearos rome 10 Gz to 45 GHY

s alse seen e Freare > that the nose
and two nioema are found at ~> G and o0 Gz 'The noise
temperature due to cloud at 7€ GHz o wound TH K and
havimg a second manime at 80 GHz with 10 K0 The nors
tetmperature due to doud starts decreasimg fronn 86 G He as

en m Frgare 3 The frequencs 45 Gz s most eleal o
doud related stidies since the pusitinm nose wipeatuie

duc to oud e obsenved a this freguenay

1t has been scen that the hgmd water content i the choud
vanes from O 1 gm/me (o L poeie The nosse temperatig

duce to choud having Jdoud herrht 3 ki has been determuned
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at 4% GH/ lor vanions water contont. i the <doud and the
results have been prosentad o Fagnee 1 B seen that the

noise temperatare due te dond mcreace esponentodhy The

Clonng "oy
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Moy s

o dond

Dequency of 15 GHyz witke mane denest, o ot

Fipure & Vatation ol nosc temparatuze AU petal

cloud morse temperature at 1 opam/me s nearh abow 135 H
whilc st S gnvne, o s around X5 K a1 38 Gty

IChas been seen that the nose remperatuee due o Jdond
depends strongly on the thichness of the clond Ao the
cdoud poise temperature iereases exponentially with ctond
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e b an condibon 0 vpera canet Dicquen sy o B GEE vaihe Giou

thickaess (b e Sy he doud nogse temperatare for S km
lond thicknes s tonnd to be Tos dosddnle at Einethe clond

nore tempetatire 1o~ K

Pheatienuaton and nose emparatute dac o clouds lead
to sertous deyradation methe pottormance especrally for
tadic systens 1S

satelhite borne o nose nicrowng

therctore essentol e doenve the resulis on chanee of signal

lalt N R Narkar and VB Bhattac hana

to poise rabio at didlerent frequencies: The change 1o wipn

10 noise ratio 1s estimated by eq ¢16) The change 1n sypy

SNR abong, zoth g - 907

AN

()

Freqan Gy

Fiparc 6 Stenad-o norce rabio vanaton watl, hegueney tor e

comelteno e pehion o doar ane situation

o noise rabo 1s appreciable upto S5 GHz and such i~ do
to mor contribution from clond nosse temperatare wile o,
Lge changes i signal (o notse temperature frone ot O
s manhy due o the contnbution of attenuation e

clomds i pure o)
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