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wildddSTORISATICY OF TROPSEl RIS 2. VIAC LT

1. Iatroduction:

Hature has given us 2 spherlcal earth and a mecseager in the
form of electromagnetic radiatioas whileh can travel only in straizht
llness If the .urth were flat and devold of any atmosghare, with
a mere few watts of sower total world-vide communication caa ba
acnlaved. This explains why the loansphere 1s belag explolfed to
reflect the raliowaves 50 that we can get over the curv.ture of the
aarth. This is what essentially a communicztion satsllite doas too.
LEovever, the troposphere vhere we llve 15 also fortuastely e idowed
vith similur gualitles to some extent so that with intelligent
plannlang we can achleve falrly large rangesz. How, let us look at
the averaze characteristics of the %troposphere that are most
relevant to radio commnicaticnss

{1) Pressure decreases exponentially with altitude.

{2) Temperature decreases with zltitndae.

(3) Gas compositlon is uniform except for water vapour
whlch usually decreases with altituda.

{4) Raln and water vapour absorb radlo wave anargy at
frequencias about 10 GHz.

(8) 3uper-refraction ond ductlag result 1n anomalous
propagatlon conditions.

{8) Scattering due to dust, smoks, fog, hail ete. cause
loss of energy.

(7) Depolarisation results due to non-spherical rain drops.

(8) Tropospheric turbulenca wiich is omnipresent halps
in long distance troposcattar communications.

(9) Terrain and vegetation are critical 1a some areas and
may dominate all other factors.

{10) MceT ORTAT OF ALY a number of above parameters fluctuate
by several orders of magnitude lna space and time.

2+ ERY Profilas:

Trie entire exerclze can be suinarised as '"Predietion of both
the median snd the razjz of fluctuations of the ahove parameters
1o space zad time'. The first thrase polats 1n the above list
unizusly determinae thz Radlo Refractive Tndex (ARI) at a given
tiza and place and the vertlcal gradilent of this RAI along the
ray poubn deeides the course of the ray.

Let us look at the RRI squation - or rather the refractivity
aquatlon:

N = 77.6(%4- 4—?—81_06 )
Tha above equalion ocbviously emphasises the importance of water
vapour gradient lo controlllng the refractivity zradient. The
refragtivity grodient 1s important for the followlng reasous:

{1} It decldes the radio horizon distance 11 105 Iinks.

(2) It decldes the helght of the cc:mon volunme in
tropeoscatter liaks.

(3) Yt decidas the errors in treackiag, position fixing
atc.

(42) The changes in BRI gradlent are responsible for several
multlpath fading phenomena including fadeouts ovar
lrreguiar terrain.

Since 1t 1s reallsed that RRI profile morphology unlquely

determines the tropospherle radlo propagation, thls has been

the primary concern for communlcation users since qulte some time.
Tha earllisst organlsed work in thls arza was done by Bean and others
15 1966 by way of a Vorld Atlas of Radlo Rafractivity. The data

used for thls Atlas was too sparse, aspecially in the tropice, and

local climutic effects egsentially are not reflected. Tha measurement



technlques used for Radio Sonde were also primitive. It would
be necessary to bring out datziled documeats for @ifferent zoges
_ uslng more receat measurements. As an approximation it was
assumed that the surface Refractivity ¥, has some correlation with
the initisl raefractivity gradient ANy znd designers started
using g values as a first step. Almost all the 1aformation
avallable now on HRI profiles 1s based o1 the Radio Sonde Data
collected around the world by various countriaes as part of the
programre under WMO. 3uch observations suffer from a mumber of
serious deficlaencles, but they are all we have got on any morpho-
loglecal scéle. Flgures (1) to (4) show some samples of Hg and
AYy (surface to 250 m) contours over the Iadian subcontinent,

It 1s instructive to notice the large seascnal and reglonal vari-
atlons in these contours. The lower ig values oeccur ovar the
arld zones of Rajasthan and the highest along west coast. Thaey
are genarally high in summer and monsocon pariocds. 'The Initial
gradlents are lowest in Srinagar area and hlghest in the coastal
areas. - They are highest in premonscon and high in winter months.

The values ara generally Iow durlng daytime compared to wight.

3. Super Refraction and Ducting:

By difreréntiating the equation for Refractivity wlth respect
‘to helght we get

1 P . 9620 4 at
= . — - + + -]
H oot g - (B g w0 g
d
%ﬁ 1s always negative; EE and AT/dh are usnally negative.
Normally g% tends to oppose the Refractive index decreasep with

T
altitude, but on occaslons when gﬁ" ils positive, all the three

terms adds up to produce a large refractivity lapse rzte rasulting
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in super refraction. If the modulus value of the gradient ig
higher than 157‘per km, dueting oecurs. As can be sesn, Ay
values are very hlgh in coastal areas excapt durlng the peak of
monsoons Flgs.¥ and @ show examples of contour diagrams showlag
duet occcurrence frequency over tha Indlan subcontinent. Ducts
can provide conmunication over vary long distances wita nmarglinal
pover; but they also can be a nulsanca in a number of ways.
Interference from long distance unwanted traismitters and Radar
blind holes are the cbvious examplas.

Just as in dielectric wave guldes, for any particular tro~
pogpheric duct, there is a maximum wave laagth )\m beyond which
ducting will not occur. The followﬁng approximate relztionship
¢an be used to estimate the probability of dueting for any

wave length, 1f the duet dimensions are kaowa:

3/2 -4
>\m = 8.5 h x 10 my where h is duet tidckness

1n metres.

Typlcdl values of cut—off wave lengths are:

] R ,
mtﬁ_es 0.01 | 0C.1 1 10
reteas] © 24 120 600

4. Rain and Vater Vapour Attenuations _
Raln éttenuation 1s caused by two factors. Firstly, the
electric fiald associated with radio wave lnduces dlsplacement

current in the water drop and because of the high dlelectric

constant of water compared to alr, the curreuts are hieavy especlally
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at higher freguemies. Secondly, ®uch currents injuced in the
droplets are sources of secondary radiatien 13 all dlrectlonsand the
strenzth 1n the direction of interast 1s weakened. In troples
whera heavy raln is charscterlsed by drop sizes as big as 8 or 7 men
the llguld water content can go up to as »igh as 10 gm per cuble
matre. Thlle the physics of raln attenuation 1s well understood

to enable one to caleulzte the attenuation per xm of path for glven
raln charact:ristics, 1t 1s the rain -orphology, it:s cumnlative dls-
tributlon statisties, the varlability im the rain cell length and
deop size distributlos wileh are not avallable with reguired
aceurscy. ere agaln the problem is thabt the raln zauges employed
by the meteorology departments huave iategration times teco long

to be of any use 1n wmlerowave com-unicatlons.

‘derowave fregueiclies above 20 3Hz also suffer attenuatien
because of molecular absorption. The enargy of the railo wave 1s
used up in beating the gases, In Icnislag or exeitiag utoms and
nolecoles ate und nolecules pass from a lower anergy to a higher
energy. Since the energy levels of tha atoms and the molacrles
are dilscretes, *hils absorptlon is resonant or selectiva 11 nature. The
most Important gases in this context are water vapour and oxygen.
Figure shows the specific attenuatioa for z wide frequency ranga.
Since the water vapour contributes for the resonasce at the Iowast
frequenciGS,‘the diztribution of 1nter vapour is of griamsry importance
1n deslgning tropospherie Iinks especlally in the troples.

In a2dition, the woter vapour profiles as we huve =ean sarlier
essentlially dominste the ridio refractivity variations wiich are

importaat 1 ncrovave and ridar commusicaticnas.  .ith tuis in view,

we in India, have brouwght out recastly a water vapour atlas using

a comprehensive data base of radloscnde measurements of the Indiap
iateorological Dgpartment. Figs.*® to 10 show examples of water
vapour contours and distribution. Though the speclfle attemiation
for water vapour ls low compared to raln, the rain cells are always
limited to a few kms only, while the tareaestrlal radio liasks will

hava to contend with water vapour all tkrough its path. F£3*‘|‘h°“”
tra Reprroclinly projile srer Atsam vy abt dawn-
5. Troposcatter Parametsrisation:

There 1s always a certaln amount of turbulence ln the atmospherey
and more so 1o the boundary layer. Uthile the 2RI profiles derived
from Radlosonde data are too gross to show this flne structure,
the serrations oa ¥ (h) curves cbbained by = micrcwaée refractometa#
demoastrate how tarbulence modulates the Radio refractivity. at-
mospheric turbulence by iLtself has evolved into a vast diselpline
and Ls not within our scope of dlscussion here., Baslcally, the
laminar flow, when 1ts veloclity exceads a crltical value, turns
turbulentscascadlng of energy from large scale eddles to smaller
anes proceads untll the eddles are so small that thelr energy 1is
dissipated due to tha viscosity of the medium. But the eddles where
the energy ls conserved are known as the inertial reglon znd can be
characterised interms of a 3-dlmensional structure constant to
represent the mezn squars varlatlions 1. refractivity. The varlagce
in the logarithm of the amplitude of the received =ignal is
proportional to

(HHY zef
Thig structure constant an will decide the scattering capabllity

of the medlum and it 1s necessary to evolve lts morphology at any



place to design optimum powers for communlcation. It 1s alse
necassary to take thls constant 1ato account for optimising

the antenna sizes because of aparture-to-medium coupling.
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SPACLAL PROJTSLE TJ TROPIZAL I0./03PHIRIO SOMUAIZ TIOS
B M REDDY

1. IHTRCDUCTION

Some of the most serious prohlems in troples are caused by
(a) large local time varlations of foF2 eritieal frequencies
espaclally during suarise hours sad (b) large horizontal lati-
tudinal gradlents in the F-reglon electron deasities acsoclated
with geomagnetic anomaly. 3imilap problems may arise with respect
to the gradlents in the mid-latitude trough reglon at night;
nowever, no discussion on this aspect 1s included hers since this

is restricted to low luititude issues.

inkY =l

2. PROB ARIST
DURLIG DAWH

The local time gradients during sunrise hours are known to

Plague HF communications partienlarly at low latitudes. This

problem is e;tremaly important in countries where the main stay

of polnt-to-polnt communications continues to be the HF band

supported by lonosphere. Specific mentioz may be made of the

followlng points in this connections

(a) HF link operators are expected to get thelr fraguencies
cleared from the appropriate Governmental Authority well
in advance and 1t is usual practics to fix one frequency
for the day-time and another for the nlghttime. The use
of the night frequency during sunrise will require mich
more powsr than is normally permitted walle the frequency
allocated for the day-time will be higher than the MUF
during the transient period.

(b) Point-to-polint lianks dormally use inexpencive tuned
directionzl antennis and fréquent ehaage of operatlonal
frequency is deleterous from tha point of view of anteana
efficiency. _

{c) In cose of lonz distance cireuits ia the Zast-Wast direction
iavolviag multi-hop P-region propagatioca, the problem of the
suarise period will gxtend to 2z larse number of liours, because
the difZerent F-raglon reflsction points‘will £a11 4n the

transient location at dlfferent periods,

Fig.l shows the diurnal varlatlon in foF2 for Kodalkanal ang

Anmedabad for wiater during low solar activity period. The 1or-

malisaed hourly percentage changes in foFZ2 are siown in the lowar
portion of the filzure. The sigmificance of the peicentzge changes
1s important bacause aven sssuming that changes in the link fre-
quancy are pernitted antenna design coasideratlons restrict suech
changgs. The normallzed percentage changes are caleulated using
the followlng relatlon.

Jormallzed percentage

-(foF2)
(fOFz)hour(x+1) hour x

X 100

éhange 1a {(foF2)
hour x _ (foFEJhour <

The most important feéture of this qiagram 1s the extremely steep
percentage lucrease in foF2 which Is zs high as 230 percaent at
5 A«M. for Kodalkanal. Of course, the very low nighttime minimum
values 1n foF2 at low latitudes are essentially responsibla for
these abnormelly nigzh percentage inereases. It may also be noticed
from the figure that the dusk changes ara not so spectacular

aspeclally when the percentage changas are considared.

e




Flgs2 shows wvariztion of iormalized perceatage changes 1n
foF2 at dawn for Iodalkanal znd 3rlsbane duriaiz the years 1957
to 1967. The solar activity variations modulated by seasonal
variations as the runaing averajze suaspot aucber decrsased from
about 200 to 10, are very obvious. The magnitude of variatlons
at Brisbane (Geo. ag. ILat, 35.703) during the dawn are only
marginal and show very little solar activity dependence. For
Kodaikanal (Geo. Mage. Lat. 0.803), however, the percentage changas
are spectacularly large and the variation with solsr actlvyity is
very signiflcant. A4 very interesting feature is thal duplng high
solar activity period the percentage values zre larger at Brisbane,
whereas at Kodailinnal the changes are laslgnificant. Thils figura
coavinelnzly demonstrates the seriousness of this problem at low

lztitudes for medium and low solar activities.

3e PROBIAYD DU TC Lidgs

SI0M TV REGION

The equatorial zoze of approximately 30° wide cantered at the
gaomagnetle equator exhibvits several peculiar lonespherlc proper-
ties, ons of wiich is the iurge spatlal gradients that affecf
ioaosphaeric radio propagatien 1a a number of ways. If we coaslder
the anomaly peak in the aorthern hemisphere to be at 1503 Geos Mag.
Iat. and 1f a aorth-south [iF cizcult is oper_ting such that the
roflection point is on gither of the sides of tie peax and if the
frequency of the Ilnk is very close to the “TUF, =z pecullar situat-
ion arises. If the polnt of reflectios 1s eguator=-vard of this
anomaly pezk, *az railowayez laelieat on the lomosohere £or the

aqorthern circult will coatisucusly come srrogs lisvencing level of

21

electron denslty on two counts {a) due to the vertlcal gradient

as the radlowave penstrates higher into ionospuere (b) dque to the
horizmntal'gradient as the wave progresses in the direction of
lnereasine =lectron density. On the other hand for the same 1ink
in the retury diraction, the horizoutal jradient is reversed.

Thus the real MUF values for the two opposlte directions 1n the
same clreult can vary by a large margln depending on the angle of
incidence and on the magnitude of the horizontal gradiant. fn fact,
rather frequently, especially vhen the operating frequency is
close to the MUF (caleulated igaoring horizontal gradients), only
one way comminicatiocn would be possible. This has been one of the
unusuzl complaints in the Indlan 3ub-continsat, To urdarstand

the magnitude of thls problem we have used the Aouttese II data

(f x F2), so that spatial resolution of the data can be high
compared to ground based dataze Assuming simple parabolic distri-
butlon, vertical electron density probBlles are darived in the F2
ragion and the latitudinal gradlents at flxed heights are computed.
Thase horizontal gradients alonz the ray path are compounded with
the vartlcal zradlents to caleulate the chanze ia the real MUF
For varylng magnltudes of horizontal gradiants. Flg.3 shows soms
sample results of the change 1n MUF fop different gradients for
three augles of lncldence. 4is expected, the shift 1n the MUR
increasss wlth increasing angles of facldence (at the iozesphere),
I% has been obsarved that gradients between 3 %o 4 electrons per
cublec ceantimeter per meter are usually prevalent i1a the eguatorial
azomaly reglen. Figed iz zlven o2ly o illustrate the problem and

results from more rizorecus three dimensiosaal ray traclag methods

27



which only confirm this are beyond the scope of this paper. However,
the polnt to be noted 1s that even for modest angles of incldence such
as 50 and electron density gzradients of 3-5/cm3/m, the shift in actual
MUF 1s from 15 Hz %o 18 Mz while in the opposite directlon the effect-
ive MIF will fall to 13 ¥Hz. Thus, employing a fregueacy higher than
13 MHz will result only in one way comrunicatlon.
4, ATYOSPHERIC RADIQJOISE

Because of the predominantly rural nature of the tropical countries,
man-made nolse 1s hardly of any consequence except in a few big cilties.
Howéver, atmospherie radio noise (ARA) 1s a very serious problem to be
contended in the troples (system nolse znd cosmlc nolse are far lesser
in IF, M and HF bands). The predictlons of CCIR were found to be
é}oss‘over-estimates for Iadian zone. The Research Department of All
Indla Radio conducted comprehensive observations and Table 1 shows the
measured (M) and CCIR-predicted (P} values for tiree locations in

India for differeat seasons and loccl time perlods.

COMPARIS O BETWEEN MSASYRED AD CCIR PREDICTZD MEDIAJ TAIUSS
OF ATYO3PHERIC J0IzE [ dB (r{uv/m) % AT 155 kHz FCR
CR

DEIHI, TRIVASDRUM A0 GAUSATI 6 kHz Balis
TI& BLOCK DELIT TRIVANDRUM UHATI
SEA30WS (HOURS ) GATHA
(L. M. T) M P M P M P
1200-1600 12 5 12 15 6.5 7
WIATZR 1600-2000 16 25 13 26 9.5 23
2000-2400 22 30 16.5 32 14 28
1200-1600 - - 15 29 14 24
3PRIIG 1600-2000 - - 20 a7 28 35
20002400 - - 29 as 31.5 37
1200-1600 25 40 13 a3 11 40
SUMMER 1600-2000 29 35 25 as 21 36
2000-2400 31 3s 31 34 32 41
1200-~1600 14 28 15 29 - -
AUTAT 1600-2000 22 36 22 36 - -
2000=2400 04 38 30 38 - -

=T0~DaY VARTABILL

Long distance HF communlcatlion supported by the F-region
is essentially controlled by the two paramesters, foF2 and M{3000)Fs
which together declde the I'UF. Vhile prediction of the medlan
values of these parameters for any particular month can be made
with some degree of accuracy, 1t has not been possibls to predict
thelr day-to-day changes. These large day-to-day variatioﬁs,
aspeclally manifested in foFy varlations are apparently unralated
to any spacific solar or geomagnetle events and may be termed
g P=reglon geophysical noise. Several studles made at FIL,
dew 7elal uslag low lstitude data snowed little correlation between
the daily foFg varlatloans and standard solar and geophysical
{ndices.

Rather iaterestiagly, the stormetime variations in MU7
durisg zeomagnetic storms are withla the dally fluctuations.
at tropieal laititudes, fofy values marginally decrease durlng
storms while hp Fp facreasas at all latitudes. In zeneral, whatever
the reasons, vhenever the changes 1a both fofg and hpFg are in
the same sense, the coaseguent changes in “UP will oaly be marginal
because of thls compensating tendency. Flgs. 4 and 5 show how

the varlations czn be indexed for a tropical station.
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