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1. BASIC THEORY OF THE IONOSPHERIC ABSORPTION OF RADIO WAVES

When an electromagnetic wave propagates through a plasma is refracted and
generally is also attenuated by forced oscillations of the electrans due
to the alternating field of the wave. These effects are frequency dependent
and the amplitude of the forced osciliations is greater at 1iwer frejLencies.
The energy transfer over a given path Jenght is also projortional to the
electron concentration. Most of the energy passed to the elec:rons is restored
to the wave by secondary emission. Each electron reradiate on zhe same frequen-
Cy as the propagating wave, but the fields are shifted im phase relative
to the original field. This fact leads to a continous phase shift zlang the
propagation path and the phase velocity becomes different from that of the
free space,

This transfer of energy from the wave to the electrons and bhack is loss-
less if the electrons suffer no collisions. When electrons ccllide with other
particles, the energy balance is altered and the process leads to the loss
of energy from the original propagating wave. Collisions, that are mostly
elastic, can take place with neutral particles or with ions and tha energy
is lost finally heating the medium.

The process described is responsable for what is called absorption of
radic waves in the ionosphere. In principle the absorption can be calcu ated
when the height distribution of electrons and coliision frecuency are know.
Starting from the classical Maxwell equations, Happleton (1628) and Hartree
{1929} introduced equations to fdescribe Lhe propagation of radio waves in
the presence of the geomagnetic field and collisions. In the so called Hap-
pleton-Hartree theory the collisian trequency is assumed independent of the
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electron velocity. However, Phelps and Pack (1959} found that the frictional
force actually depends upon the velocity of the electrons colliding with N
particles, the dominant neutral gas in the lower region of the ionosphere
where collisions are important. Using these results, Sen and Wyller (1960)
introduced a generalization of the Appleton-Hartree scheme. Their theory
is mostly used for conditions of strong absorption. Using a proper definition
of the collision frequency the Appleton-Hartree theory is recovered when
the callision frequency is less than one tenth of the propagating wave frequen-
cy. Rawer (1976) treated in details tne notion of collision frequency and
introduced the concept of “mean transport coilision frequency” which takes
acccunt of the cellision efficiency in terms of angles of deflection. This fre-
quercy is the one that should be used in the practicat applications of Ap-
pleton-Hartree theory.

In this theory the complex refractive index n is given by:
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wherz the positive and negative signs refer  to the ordinary and extraordinary
waves originated in the ionosphere when a wave propagates in the presence
of the geomagnetic field. The effect of absorption is described by the imagf-
nary component of the complex equation {1). The various terms are defined
as fcllows:

fN = plasma frequency

f = wave frequency

Y1 = Y-sin e
8 = angle between magnetic field and direction of wave propagation
¢ = fd
f
Y. = Ycos @

fH = gyrofrequency of electrons about the geomagnetic field

L0

f

-
n

effective collision frequency.



This collision frequency Y should he interpreted, following Rawer (1976),
as @ "mean transport collision frequency”. In equation {1), the real part
M defines the angutar refraction and :X is the absorption index. This can
be expressed by:

o=k
2%f
where ¢ s the velocity of light in free space and k s called “absorption
coefficient” and gives the absorption per unit distance.

Equation (1) can be salved in terms of X, and used to s-udy the variatians
of K. This approach is the basic one for Lhe ray tracing numerical procedures
used for the calculation of ionospheric absorpt ion.

Looking back to equation (1) it can lLe seen that ths absorgtion coef-
ficient for the ordinary and extraordinary components differs substantial-
ly. This s shown in Fig, 1, where K and aK appear as a function of X for
different values of £ and V . The lawer part of the figure shows that uK is
proportional to J . From these results< Rawer {1976) introdeces approximations
that altow the practical use in absorption studies. One of these is given

by:
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where fy and f are respectively the plasma frequency and the frequency of
the propagating wave and fi is the projection of the gyrofrequency vector
{parallel to the magnetic field) on the direction of the wave normal:

fL = fg cos 9;

at the equator {s f = 0,

A detailed discussion of different approximations that can be used in
ahsorption studies canbe found in Rawer (1976).

Equation {4) shows that K is proporticnal to the prodict VN Along an
fonospheric propagation path these paraweters can change hy o-ders of magnitude
as does the value of K. The tolal absorption must therefnre‘he written as
an inteqral expression: ‘

Jrde = . m-£ (5)

£
where s {s the path lenght, E is the field strenght at the receiver and E*
Is the field which would have been observed if the medfum did not absorb.

By international convention the absorption loss along an jonospheric path
should be designated by A and measured in dB.

A [d8) = 20 Tog,, (£5) - 8.686/de

The factor /4 tn equation (4) is such that the portion of the wave
path that influences more the coefficient K is the one with larger vaives
of electron concentration. Moregver if the wave is reflected at a certain
heicht the contribution of K in the vicinity of that point is greatly increased
because m becames small and the bending of the path is important. This type of
abscrption is called "deviative". The increase of the absorption is particular-
1y 1oticeable when reflection accurs near the maximum of a Tayer 1like
the E region peak electron density.

If f2 » fNZ in equation (3), then}l‘can be assumed as 1 in equation (4)
and it reduces to the so called “non-deviative" absorption approximation.
This situation occurs in the D region and for very high frequencies also
in the E regfon. Fig. 2 taken from Rawer (1976) shows a typical daytime case
of absorption. The top subfigure shows model height distribution of N and ¥ and
the bottom one the contribution of different heights to the absorption integral.
Note that a wave of low frequency is considered in the model calculations,

Before going into a brief description of ionospheric absorption measure-
ments #t 1s useful to mention the factors that influences the measurements,
giving misleading information on the actual absorption if they are not taken
into aczount,

Distance attenuation of energy is the most important {nfluence originated
by the geometry of propagation that is not real loss,

Another important factor is reflection. It may occur at the interface
of two different media or inside a continously varying medium. Reflection
losses can be due to reflections from the ground and in the ionosphere. These
may be partial or total. Partial reflections are normally small and they
occur where steep gradients of electron density or collisign frequency occur
mainly -in the 1lower i{onosphere. Total reflection becames important under
specific conditions at obligue incidence.

Other factors influencing absorption measurements are diffraction and
scattering on patches or holes of ionization in the ionosphere where the



wave is propagating.

2. ABSORPTION CALCULATIONS FOR GIVEN DISTRIBUTIONS OF ELECTRON DENSITY
AND COLLISION FREQUENCY

The Appleton-Hartree and Sen-Wyllen theory allow to caleylate ray path
and fonospheric absorption when the height distribution of electron density and
cotlision frequency is kmown. A convenient numerical procedures for vertical
incidence propagation, based on the so called phase integral approach, has been
developed by Altman (1965). This approach aveid the limitation introduced
by the fact that at vertical incidence the Appleton-Har<ree theory gives
infinite absorption at the level of wave reflection, when m —» 0. The phase-
integral formulation leads to the following expression for the absorption in
decibels:

Fa
L(f) = 8.69 (210} 1nag (j ® nde) (6)
¢}

The variable z is a complex "height” and the integration is done in
the complex space from z=0 (the ground) to 7=2,, the complex "height" at
which the complex phase-refractive index n becames zero.

George and Bradley (1973) have published results obtained usirg the
sotution of equation (6). Their calculations are useful -o check scme of
the statements given in the previous section.

Fig. 3 shows three height distributions of the etectron censity assumed by
George and Bradley (1973) in the D and £ regions. These are taken as represent-
ative profiles for daytime low and middle latitudes. From the E region peak
to the F region base electron density is considered constant. The factor
NV, to which the non deviative absorption is considered proportional, is shown
for the three cases in Fig. & as a function of height. This figure reveals
that the main contribution to the absorption cames from the height region
between 80 and 100 km and that the contribution of higher heights is compar-
atfvely small, making of less importance the accuracy of the electron density
model assumed for those levels in the calculations. Fig. 5 shows the absorptian
factor A(f) given by:

ACF) = LIF) (F - £)2 (7)

and computed solving equation (6) for vertical incidence and variable freguency
in the model electron distributions of Fig. 3. In particular, the presence
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of important deviative absorption is shown for frequencies close to the criti-
cal frequency fof of the € region, this last marked with dashed lines in the
figure, by the high values of A{f). Far frequencies higher than foE the absorp-
tion factor tends to a constant.

For oblique incidence propagatiun ray path calculations hecame necessary.
These can be made solving iteratively a set of six differential equations
derived from the Hamiltonian formalism. These equations give the ray direction
changes and the wave-normal direction thanges and the wave-normal directicns
in an anisotropic medium in terms of the associated refractive indices. A ray
tracing computer program based on those equations has been developed by Jones
{1966). This is a very versitile tool for absorption calculations and studies.

3. ABSORPTION MEASUREMENTS

loncspheric absorption measurements are made using different techniques.
In the following par_agraphs a brief description of these techniques will
be given stressing their main advantages and limitations.

3.1 Vertical Incidence Pulse Reflection Technique (A1)

The A1 technique is based on the emission of pulsed signals at
an appropiate frequency from a vertically directed antenna and the reception
at the same location of echoes after reflection in the ionosphere, The monitor-
ed parameter is the amplitude of the reflected signals,

The frequency is selected such that it is not close to the critical
frequency of an jonospheric layer, in order to avoid deviative absorption.
In most cases the frequency chosen is reflected from E region heights.

Transmitter power need to be menitored carefully during the measure-
ment time and maintained constant or properly corrected. The receiver should
have linear response and adecuate dynamic range.

The technique reeds a correct identification of the propagation
mode. Normally it is a single-hop E or F mode. It must be taken into account
that echoes from Es layers, which can he recognized anly with the help of

ionosondes placed at the same lguation, often are associated with partial
reflections,

" The received signal strenght can changeorfade due to causes other
“han the real absorption variations. These are:
1. Interference between modes.



1. Changes in path lenght and wave polarization due to imcrease or
movement of ionization.

iti. Diffraction focusing and defocusing due to irragularities
in the electron concentration alorg the prepagation naths.

Ta avoid these variations not caused by absoration it i< critical
the choise of adecuate probing frequency and antenna system, and time averag-
ing of the measurements. This time is of the order of 15 minutes. These prob-
lems are treated in detaiis by Rawer (1976).

The A1 technique has been widely used to monitor dayly ncon values
of ionospheric absorption at frequencies ranging from z to 6 MHz. It has

also been used to a lesser extent to study diurnal variationsof the parameter.

This technique is usefu) at low to middle latitudes but is less
adecuate for high latitudes where the critical frequency of the E layer is
too low and absorption guite high.

3.2 Riometer Technique {A?}

An important advance in absorption measurements at high latitudes
was the introduction of the technigue first used by Mitra and Shain (1953).
In this technique extraterrestrial radio noise at frequencies normally close
to 30 MHz are continously monitored. Absorption is determined by zomparing
received intensities with those at the same sidereal time on occcasions when

the absorption is assumed negligible. The term "riometer® used to same this -

technique is an acronym for "Relative Ionospheric Opacity METER™ (Little
and Leinbach, 1959}, The basic hardware is a highly sensitive and stable
receiver with built in calibration facilities.

Being the advantage of this technique the possibility of its use
fn high lat{tudes in a contincus way, the main limitations of riometers are:

i. The reference nofsc level for the assumed unabsorbed canditions -

are difficult to determine. This fact wakes more reliable
the estimate of changes of absorption than zbsolute va’ ues.

if. The measure is semsitive not only to the absorption occuring
in the D and £ regions, but also to the one produced in the
F region,

iii. The screening of the incident noise by the F region, leading
to the so called "window effect”.

tv. The measurement senmsitivity to enhancemerts of solar radio
noise,

v. The measurement sensilivity to the size of the ionization
patches produced by the precipitation of particles when these
cover only sectors of the antenna collecting area.

ATl these limitations created a wide international debate en the
significance of riometer measurements in relation to other types of absorption
measurements (Agy, 1979). Reviews on the riometer technique are given by
Mitra (1970) and Taubenheim et a) (1976). Measurement error sources and the
comparison with other techniques have been analyzed by Fopptano {1976). In
particular it has been noted that the F region contribution and the obliquity
of incident cosmic radio noise lead to riometer absorption values higher
than those obtained with the verticatl pulse technigque (A1). On the other hand
tte finite size of ionization patches and the uncertainties introduced by
the reference value assumed without absorption tends to give lower values.
Foppiano {1976} found that as a first order approximation, A1 and AZ technigues
yield similar values when the riometer antenna is oriented toward the sidereal
pole rather than the zenith.

It must be noted that the AZ technique ts particularly suitable
for the study of Sudden Ionospheric Disturbances produced by solar flares.

3.3  Dbligue Incidence Field Trenght Measurements Technigue {A3)

This technique described in details by Schwentek (1976) uses high
or medium Tow frequencies to estimate the varfation with time of the field
strenght of signals reflected from approximately the same height in the iono-
sphere at oblique incidence.

For high frequencies, the antenna system can be designed in such
a4 way to minimize the effect of small changes of the height of reflection
providing it always occurs in the same layer. From field strenght measurements,
the totdl absorption given by equation (5) can be obtatned.

It must be taken into account that in all cases a careful choise
of propagation conditions must be made in order to obtain information that
can be converted into useful absorption data. For this reason is desirable
that the frequency chosen bde such that reflections occur in the E region
throughout the day. The changes in reflection height. that take place when
the working frequency varies with reference to the £ region critical freguency
must be constdered when analyzing the diurnal and annual variations of absorp-
tion obtalned with this technique.

The working frequency is usually in the range 2-3 MHz for E region
refitections and 5-6 MHz for F region reflections.

The transmission distance is of the order of 200-400 Km, and it
must be chosen so to avoid contamination from ground wave and to ensure that
stgnals are received always from directions that do not present substantia?l
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changes of antenna gain.

The technique needs calibrations by total reflections on sharp
bounded layers like Eg at night. Calibrations shoyld tate place from time
to time under similar conditions,

The necessary operating  conditions  inc)ude stable transmitter
and receiver and appropiate recording unit.

The main advantages of this technique are:

i. The low cost of the instrumentation involved.

ii. The relatively simple derivation of absorption from the measur-
ed parameter, under well chasen probing conditions.

A dess used technigue based on the same princisle is the medium-
Tow frequency oblique incidence field strenght measurement. In the Tower
range of the frequencies used in this case the evaluatin method is more
complicated. This range of frequencies are used mainly in central Europe.
A full description of the technique i< given by Lauter (1976).

The A3 technique provides a qood way to obtain a continuos monitor-
ing of the total absorption in order to investigate time variations of the
parameters at fixed locations, Diernal, seasonal ang solar cycle variations
of the absorption can be easily studied with this technique, It can be alsg

used to analyze the effect of solar-geophysicatl disturbances on the lower
ionosphere.

3.4  Other Techniques aof Absarption Measurements

Techniques to measure ionospheric absarption, other than the A1, a2,
and A3 ones, will be Just breafly menticned in the next few paragraphs, They
include the use of the lowest frequency fmin at which echces appear in the

vertical incidence fonograms, partial reflection measurements and satellite
borne HF transmission received at the graund,

The first one takes inte accounmt the fact that wken all the other
factors are mantained constant, changes in fmin can be related to absorption
variations. Such situation is narticulariy useful at high latitudes where
the expected changes in absorption are large enough to be seen by fmin varia-
tions. Howeven these observations are in all cases essentially cualitative

in nature, due to the vartable performance of the measurirg device both in
time and from one equipment to amother,

The partial reflection theory and measurement technique has been
reviewed by Dieminger and Schlegel (1976). When high power vertical signals
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are transmitted toward the ionosphere, echoes are detected with appropiate
receivers from partial reflections at heights down to 60 Km. Received amplitude
data can be converted into electron concentration values at the height of reflec
tion using the adecuate theory. if differential phase is measured between
the upgoing and downcoming waves for hoth magnetoionic components, the theory
allows to determine also the values of electren collisien frequency.

The measurement of ionospheric absorption of radio waves transmitted
fron a satellite could be considered a promising technique. However it presents
ser-ous problems related to the uncertainties regarding the characteristics
of the wave transmitted from the satellite.

4. ABSORPTICN MORPHOLOGY

4.1  Diurnal Variations
Fig. 6 displays a tipical example of absorption measurements at a
fixed fregquency using the A1 technique that show the diurnal behaviour of
the parameters in Jocal summer and winter, for a location in Europe. The
figure also gives a good example of day to day variability at each hour.

The diurnal} variation of the median values of absorption in decibels

can be represerted by:
L=Locos" X (8)

where X is the solar zenith angle.

The constant n present also a latitudinal variation that can be
seen 1n Table 1 obtained using data published by Shapley et al. (1974). From
the values of n 1t can be observed that the sensitivity of L to the seolar
zenith angle 1s Targer at low latitudes and reduced at high Jatitudes.

4.2  Seasonal Variations

Fig. 7, from Gnanalingham shows the seasomal variation of noon ab-
sorption obtained with the A1 technique at Colombo, an equatorial Tocation.
The figure present evidences of clear equinoxial maxima and summer values
similar tothewinter ones. Those maxima can be reproduced at the equatorial
station by the seasonal excursion of cos X through a relation of the type:

L =20 cos™ X (9)



However, summer values appears to be always lower ttan expecteﬁ
from the given retation,

Fig. 8, from Schwentek (1976} shows the noon absorption obtained
with A3 technique in middle latitude Curope throughout a solar cycle. Each
dot is a monthly median value and the continous line is the best-fit curve

with m=0.75. The most evident feature is the very high values of absorption

during winter. This characteristic of the seasonal variation of the iprospheric
absorption can be better studied whon median absorption values at a fixed
solar zenith angle X are scaled as a function of month of the year.

Fig. 9 shows the seasonal variation at fixed X » averace AM-PM for
two locations with different latitudes in the northern hemisphere [data source:
Shapley et al,, 1974). The winter increase of absorption is more impartant
at the geomagnetic latitude of 529 than at 250,

Sthwentek et al. (1980)found that there is a real acymmetry in
the seasonal variatiation of the absorption 1in the northern ard southern
hemisphere asit can be seen in Fig.10. The authors remark the fact that a normal
winter anomaly appears with high absorption, being more pronounced at Ushuaia
in the south than at Lindau in the north. The winter “"excess absorption”
is, however, smaller at the southern lacation. They attribute the firss result
to the differences in geomagnetic conditions and the excess winter absorption
to differences in the meteorological processes oceurring in the two hemisphere.
The authors conclude that it is convenient nol to combine northern amd southern
data of absorption to describe the phetomenon al middle Jztitudes,

The same Fig. 10 can be uard 1o show that at the northerq locatian
the winter excess ionospheric absorplion do mot occur uniformly over afl)
days but is confined to consecutive groups of days of increased zbsorption.
However this behaviocur is not as clear at the southern location =f Ushuaia
where high absorption is observed more often at isolated days in winter.

The "winter excess absorption” has heen studied extensively during
recent years and it is now clear that it is due to an increase of electron
concentration and NO* ion density. Under such conditions the level where
the water cluster {ons density in the mesosphere equal the molecuiar ions

(n0* and 05) densities 1s typically 5 Km below norma] (Brasseur and Soloman,
1984).

Both experimental evidences (Offerman, 1979) and model calculations
(Koshelev, 1979 and Solomon et al., 1982} show that the origin of zhe winter
ancmaly probably can be found in the sporadic injection of targe amounts
of nitric oxide from the thermosphere to the mesosphere in association with

changes of atmospheric dynamics.

Soiomon el al. (1982) and other authors have shown that D-regio
models that include chemisiry anil dynamicey can reproduce the gbserved large
electron densities in winter, in comparison with summer, even under norma
conditions due to greater NO den<itios in winter. This i< a reasonable explana
tion for the so called "normal winter anemaly" mentioned abave,

No cuantitative explanation appears to be Ffound yet for the "anoma
lous" Tow values of absorption in equatorial regions and for the observe:
north-south asymmetries,

4.3 Solar Cycle Variations

The solar cycle influence on Lhe behaviour of ionaspheric absorption
is fairly well represented by a relalion ol Lhe Lype:

L = Lo (1 + bR) (1)

where Lo and b are comstants and R iy Lhe <mnothed sunspot number. The constant
b is of the order of 0.002-0.005, indiralinJRﬁegrec of influence of the solar
activity on absorption, It must he taken into account that only a limited
amnount of data are available in order tn determine this variation.

4.4 Geographical Variations

It is dmportant to nole that most of Lhe aveilable ionospheric
Wsorption data are from the norlhern heminphere, With these data Georqe
11971} went on to make a detailed study of the latitudinal variations using
different latitude parameters. He found that the Teast scatter of points
was obtatned when the "modified dip angle X ™ was used. This is defined by:

I

Jeos )

where I s the magnetic dip in radians and \ the geographic latitude.

X = arc tn{ )] (1)

The value of absorption adapied by George in his analysis fis AT,

civen by:
. _.A;LL___ {12)
(—=)
fol
where A(f) §s the absorption al Lhe pwobing frequency foand @ is a function

of foL. Fig. 11 present the function ﬁ”, and associated limits, that reminds



-

Fig. 4 obtained theoretically. Fig. 17 shows the variation of the absorption
parameter AT 2s a function of latitude and season, for overhead sun ind high
sunspot number. From this figure the following features can be enphasized:
T. Reduced absorption at the magnetic equator.
¥i. A smooth maximum for X - 70.300.
1i1. Very pronounced winter peak of absorption in a tatitude band
of approximately 20" al niddle Tatitudes, that b-ings in
evidence the “winter anomaiy",

To explain Cuantitatively these resulls became necessary to intro-
duce in the absorption calculations clectron density models that tak2 into
account the complex relationship between chemistry and dynmamics in the meso-
sphere,

4.5 Aperiodic and Irregular Variations of Absorption

We havgagea]ing in the previous sections with variations periodic
in time and regular in the yeographical space. We will mention briefly in
the following paruagraphs four types of absorption variations of irregular
nature:

i, short wave fadeout

ii. polar-cap absorptinn

b, aureral ahsorplion

iv. after storm cffes (-

The first ones,called “SWLY, are associated with solar flares and
octurs as resuft of enhanced fonization in the daytime D region produced
by increased fluxes of solar X rays during the flare, Fhey last from few
minutes up to several Rours. Fig. 13 4} shows an idealized representation
of this phenomenon. SWF are more severce at  Lhe sybsolar point but can be
seen in all the sunlit hemisphere,

Polar-cap absorption (PCA) and auroral absarption are features
of the high latitudes region. The first one is produced by additiona” igniza-
tion in the polar D region due to solar protons emitted during some types
of solar flares that enter the ionosphere above their geomagnetic cut-off
Tatitudes. The flux of solar protons that produce PCA vary smoothly with
time and can last from few hours to several days, Fig. 13 b} shows the
diurnal medulation produced by Lhe nighttime recombination effect in the
enhanced fonization region.

Auroral absorption s prabably due to  the increased ionization
in Lhe D oand [ regions at polar Lalilmles produced by precipitated electrons.

This type of absorption gccurs as a series of discrete absorption enhanzements
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of short duration, from minutes to a2 few hours, and irregular structure in
time as is seen in Fig. 13 ¢} and d).

From the HF communication point of view PCA are of less frequency
and rare during low solar activity bul auroral absorption if less intense
occurs very often and affect the circuit quality for am appreciable period
of time at high latitudes.

Another type of large increa:e of absorption is observed fallowing
majer magnetic storms. These "storm after effects" last in cases for several
days. Fig. 14 obtained from Perés {private commynication} shows this feature
at two locations in the southern hemisphere using Al (Ushuaia) and A2 {(Kergue
len) techniques. The geomagnetic storm started on Aprit 1, 1976. The two
locations at different L values present in one case {Kerguelen) storm primary
effects and secondary storm after effects, but in the other one (Ushuaia)
a clear slorm after effect starting weveral days foltowing the start of the
geomagnetic disturbance.

This storm after effect appears to be related to enhanced ionization
by precipitated electrons from the radiation belt into sub aurgral to middle
lati-udes.

5. ABSORPTION MLASUREMINTS AND 111E INTLRNATTONAL RETTRINCE 1ONUSPHERE

It is known that the International Reference Tonosphere (IRI) needs
improvements, in particular for the I} region electron concentration profile
and time variations. The main source of data used to define these characteris-
tics have been rocket measurements and it is well known the limijted ammount
of such measurements available, more so at night and in the southern hemisphere,

lonospheric absorption data are in all cases integrated cuantities of
the tzrm N.\) mostly in the 0 and E regions. To try to convert such data
into useful information far comparison with other databis in all cases neces-
sary o know the collision frequency and its seasonal and geographic varia-
tions. Taking into account this statement it is pessible to use ground based
absorption measurements to improve the solar zenith angle, solar activity,
seasonal and geographic dependencies of same characteristics electron densities
in the lower ionosphere model given by the IRI,

This line of approach has been applied in recent years by Datta et al
{1983), Rawer and Ramanamurty (1984), Singer et al. ({1984) and Serafimay
et al. (1985). A detailed discussion an the problem of intercomparison of
ground based absorption Measurements in relation to the IRI model has been
given recently by Ramanamurty (1985).



6.  PREDICTION OF IONOSPHERIC ABSORPTIGN

The effecl of absorplion in Lhe licld strenght of M and HF signais
propagating in the ionosphere make necessary to introduce it in radicpropaga-
tion predictions. A good deal of contribulions on this matter were cresented
at the Solar-Terrestrial Predictions Workshop held in 1979 at Bot1der, USA,
Davies {1981) have briefly reviewed thesn rapers colling the attention oan
the empirical formula used by A1l India Radig {for tropical areas)ane presented
by Schgal and Agrawal in that Workshop. The formula for ohlique incidence is:

__6350 (1 + 0.0017 R12)775‘e‘|_:_:0 [8) (13)
(f + fl_)?' Ch (u‘x)o.;’f

n Lhe number of path hope.

Ri2  1Z2-month running overaqe sunspob number

[ angle of incidence of the wave al the D region

f the wave frequency in MH;

fL the longitudinal gyro froquency in MHz

ch Chapman function

b refers to the ardinary and extraordinary rays, respectively
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TABLE 1

Latitudinal Variation of Constant n (Equation 8) (A1 Technigue!

Location

Colrmbo
Waltair
Ahmedabad
Washington
Swansea
Prince Rupert
Churchill
Baker Lake
Resolute Bay

Dipole
Latitude

- 2.95
7.82
13.82
49.93
55.19
58.62
68.71
73.81
83.18

Period of
Observation

1GY/1QSY

June 51-Sept.62
1GY

1946
(ct.50-Aug.51
1949-1950

IGY (summers)
IGY (summers}
1GY (summers)

(MHz)

.0-2.85

2.0
2.5
2.06
2.0
2.0
2.0
2.0
2.0

.90
.80
71
.82
.82
.50
.27
.18
.07






