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SECTION 1

INTRODUC TION

Reflections from ionospheric irregularities can he an important source of clutter for
an HF backscatter radar loeated in the midlatitude with the antenna heam oriented towards
the polar region., Although theoretical and experimental investigations of radar reflections
from E-layer auroral and F-layer ionization irregularities have heen conducted extensively
at frequencies between the HF and UlIF band, only limited experimental data on the statis-
tical characteristics of lIF ionospheric echoes are available which would he directly appli-
cable for HFbackscatter radar design and performance determination., However, sufficient
information and knowledge concerning ionospheric backscatter reflections do exist to pro-

vide, to a first approximation, a model for the synthesis of an HF backscatter radar,

Radar reflections from auroral ionization occur in a region which satisfies the condi-
tion of near orthogonality of the incident radiation with the magnetic field lines of force,
the amplitude of the auroral echo heing aspect-angle sensitive (Leadabrand, et al,, 1967;

Chesnut, et al., 1968; Bates and Albee, 1969).

Although radar returns from auroral ionization at VHF and UHF are normally confined
to E-layer heights of about 110 km (Unwin, 1959; Watkins and Sutcliffe, 1965; Leadabrand,
ct al., 1965; Abel and Newell, 1969), 106-MIlz auroral echoes have been deteeted as high as
300 km (Schlobohm, et al., 1959).

In the case of HF radar transmissions, reflections extending up to F-layer heights,
i.e., 300-400 km altitude, have been ohserved as well as in the E-layer (Malik and Aarons,

1964; Bates and Albee, 1969, 1970; Baggaley, 1970; Au and Hower, 1970).

In addition to the F-layer reflections, an HF radar should be capable of detecting
ionospheric echoes from over the horizon as a result of the normal ionospherie refraction
phenomenon, The HF radar hackscatter soundings by Bates (1969, 1970) in Alaska con-
firmed the presence of over-the-horizon ionospheric echoes at extremely long ranges cor-
responding to regions in space where the propagation direction-magnetic fieid line perpen-

dicularity condition is satisfied.
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A number of theories, which are summarized by Booker (1960) and Moorcroft (1941a,
1961h) have evolved invoking magnetic field-aligned lonization to explain the aspect sensi-
tivity, The earlicst theories of the HF radar aurora suggest field aligned shects of ioniza-
tion with critical frequeney exceeding that of the transmitted frequeney. Subsequent ohser-
vations at VHF and UHF resulted in apparent critlcal frequencies much higher than physically
realizable. Booker, et al, (1955) postulated that the auroral reflections occurred from
columns of jonization with critical frequency helow the operating frequency (weak scattering).
The Investigation by Lyon and Forsyth (1962) indicated that the critical frequencies in the

auroral ionization columns may he as high as 100 Mliz,

The analysis of radar-auroral clutter data collected at six frequencies from 50 to
3000 MHz simultaneously at lfomer, Alaska, by Chesnut, et al. (1968) has revealed the

following:
1. Aspect sensitivity is nearly independent of frequency;
2. Scattering cross section decreases ahout 10 dB per degree of aspect angle;

3. Scattering cross section varics exponentially with frequency, the slope being
time-variant with an average of 33 dB per 1000 MHz; and

4, There is a moderate correlation between the radar aurora and the visual aurora,

Thc existence of two types of auroral echoes, which have been termed diffuse and
discrete, have been reported (Presnell et al, , 1959; Leadabrand, 1960). The discrete echoes
appear to result from auroral ionization whieh is restricted in space to a small refleeting
region and is pré)valent at night, Diffuse eechoes, on the other hand, appear to originate from
large reflecting regions and, most often, are present during the day, Diserete echoes
exhibit little pulse lengthening while, for the diffuse echoes, the pulse lengthening could be

on the order of hundreds of kilometers,

In this report, an estimate is made of the characteristics of HF radar ionospheric
echoes refleeted from the polar ionosphere, The experimental radar data acquired at fre-
quencies between HF and UHF are employed in the analysis, The topies whieh are discussed
are the spatial-geographical extent of the HF echoes for a midlatitude location, the amplitude
and backscatter cross-sectional area, the Doppler frequer.cy variation, the frequeney of oe-
eurrence, the diurnal and seasonal variation and the correlation with solar-geophysiecal

conditions,
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SECTION 11

IONOSPHERIC BACKSCATTER ECHO REGIONS

2.1 INTRODUCTION

E-layer auroral and I'-layer echoes are the result of radio wave scattering from
cleetron density irregularities aligned along the magnetic ficld lines, The characteristics
of the field-uligned scatterers are such that the radar echoes are ohserved from a small
range of angles about perpendicular incidence to the geomagnetic field lines and that the
ccho magnitude is aspect angle sensitive, In addition to the perpendicularity requirement,

It is necessary that this gecometric configuration take place at lonospheric altitudes, 1, c,,
30 km and above,

The probability of observing radar reflections from ionization irregularities is also
dependent upon the frequency of oceurrence of E-layer auroral, or spread-F frregularity
activity in the region of interest. Reflections can he expected to occur in regions where hoth
the conditions of near-perpendicularity at fonospheric heights and high auroral or spread-F

irregularity activity are satisifed. The fulfillment of only one requirement is not sufficient
to warrant a radar reflection,

An appropriate model which is used to define the condition of auroral actlvity is the
Feldstein and Starkov (1967) auroral helt (oval) model, According to Bates, et al. (1966,
1969), the spatial extent of the HF radio aurora compares closely with the optical auroral
ovals of Feldstein and Starkov.

Since the location and extent of the auroral ovals are a function of time and geomagnetic
activity (Feldstein and Starkov, 1967) it can be expocted that the auroral echoes could appear

over a wide area during magnetically disturbed periods for an HF backscatter radar located
at high latitudes,

The computational procedure discussed in Appendix A is employed in the determination
of the magnetic field-aspect angles presented in this report,

2,2 ELECTRON DENSITY MODELS

The refractive index in the 1onosphere is expressed by the relationship

.l.

4n Ne ez

n = 1 - ——T (2-1)
m0 w oo .
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where N is the electron density (cleetlons/cm ), e is the electron charge (4,8 x 10~ 30 esu),

m, is the electron mass (9,1 x 10~ gm) and w (s the angular frequency of the transmitted

wave (rad/s).

The distribution of electron density with height is assumed to follow the Chapman

model of the form
h-h -t -h )
‘ . 1 L m . m
N, N,exp iz |1 T - exp <—T—>] (2-2)

where HS is the scale height of the neutral partieles and Nm is the electron density at the

level of maximum ionization, hm. The values of the parameters defining the daytime and
nighttime electron density profiles and the equivalent plasma frequencies of the maximum

ionization levels employed in this analysis are presented in Table 2-1,

Plots of the vertical distribution of eleetron density are shown in Figures 2-1 and 2-2,
For the daytime ionosphere models, the F-layer plasma frequency is 9.3 MHz and, for the
nighttime, 4.9 MHz, The difference between the two daytime profiles is the height of the
peak of the F-layer maximum., For mode! A, hmax - 250 km and model B, hmax = 300 km,
Similarly, for the nighttime profiles, for model A, h = 250 km and model B, h =350
max max
km, For simplicity of data presentation:, the E-layer echoes are assumed to originate at

altitudes below 150 km altitude and the F-layer echoes above 150 km,

It should be noted that the ionospheric index of refraction is also a funetion of both
the electron collision frequency and the earth's magnetic field. In order to simplify the
analysis, both parameters are negleeted in the ecomputations,

For frequencies on the order of 10 MHz and above, and at altitudes greater than 80 km,

the effect of the eollisionfrequeney termon the index of refraction is negligible (Davies, 1965),

The refractive index is slightly in error when the magnetic field is neglected. The
maximum error in the refractive index occurs at the peak of the F-layer and, at 30 MHz,
is less than 0, 4 percent, At 20 MHz, the maximum deviation increases to slightly greater

than 1 pereent (Millman, 1975).

2.3 E-LAYER BACKSCATTER ECHO REGIONS

The contours of zero degree aspect angle (i, e., zero degree off-perpendicular angle,
propagation direection is orthogonal to the magnetic field lines), fo: the E-layer echoes, as
viewed from a midlatitude location, are plotted in Figures 2-3 through 2-8 for both daytime
ionospheric models and as a function of transmission frequency (10, 20 and 30 MHz) and the

various states of magnetic activity.
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TABLE 2-1

ELECTRON DENSITY PROFILES

: ls hm Nm 3 Pﬁ::';sur::cy
Model Time Layer (km) (km) (Electrons/cm") (MHz)

A Day E 10 100 7.387 x 10° 2, 44
F 45 250 1. 0732 x 106 9.3
Night E 10 120 3.586 x 107 1.7
F 45 250 2,979 x 105 4.9

B Day E 10 100 7.387 x 107 2,44
B 70 300 1,0732 x 106 9.3
Night E 10 120 3.586 x 104 1,7
F 80 350 2.979 x 105 4,9
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It is evident that the spatial distribution of the perpendicular contour lines is a
funetion of the transmission frequency and the electron density profile, In addition, it is
seen that it is also a function of the azimuth-elevation angle orientation which, in turn,
specifies the magnetic inclination and deelination angles in space. Magnetie field ortho-
gonality can be attained on both the upward and downward ray, i,e., after the ray has under-
gone ionospheric refleetion. In fact, normality can be reached at multiple altitudes

(Millman, 1975),

As a first approximation, it is assumed that radar-auroral echoes can he expected to
appear in the areas formed by the interseection of the Feldstein-Starkov auroral ovals and
the spatial positions where the magnetic field orthogonality is attained, The geographie
coordinates of the boundaries of the Feldstein-Starkov auroral ovals were deduced by the

nomograph method developed by Whalen (1970).

It is apparent that daytime E-layer HF radar-auroral echoes should not be observed,
However, as shown in Figures 2-9 and 2-10, E-layer auroral echoes could be present during

the nighttime up to approximately 780 nmi range in a northwesterly direction,

2,4 F-LAYER BACKSCATTER ECHO REGIONS

Contour plots of where spread-F was present 40, 60 and 80 percent of the time at
1300 hours local standard time for July and September 1957 (Penndorf, 1962) are shown in
Figures 2-11 through 2-16 together with magnetic ficld perpendicular contour lines, The
area formed by the intersections of the spread-F regions and the normality contours defines

the region where spread-F echoes are expected to oceur.

It is evident that the 40 percent contour lines do not intersect the orthogonality regions
which would indicate that the probability of spread-F echoes existing during the daytime
should be less than 40 percent.

The occurrence of radar echoes from the F-layer can also be examined in terms of
the irregularity region which was derived from scintillation measurements by Aarons
(1973b). As shown in Figures 2-17 and 2-18, echoes from F-layer irregularities during

the daytime could exist over a wide azimuthal extent and to ranges out to over 1200 nmi,
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Probability of Occurrence of Spread-F as Viewed from a Mid-
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Probability of Occurrence of Spread-F as Viewed from a Mid-
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Figure 2-15, Contours of Zero-Degree Aspect Angle at 20 MHz and Penndorf's
Probability of Occurrence of Spread-F as Viewed from a Mid-
latitude Location, at 1300 Hours Local Time, Daytime Ionospheric
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Figures 2-19 and 2-20 are plots of the zero degree aspeet angle at 10 Milz and
Penndorf's (1962) spread-F probability contours at 0100 hour loeal time for both nighttime
models. It is seen that the magnetie field orthogonality lines intersect the £0 percent
probability contours. This would imply that echoes from field-aligned spread-F should be

readily observed during the nighttime,

Figure 2-21 which depicts Aarons' (1973b) F-layer nighttime irregularity region with
the zero degree aspect angle contours reveals that, even during low magnetie activity

Kp = 0, 1), an HF radar should detect reflections from F-layer irregularities,
2.5 SUMMARY

Tables 2-2 and 2-3 summarize the regions (azimuth extent - AA, and range extent -

AR) where field-aligned HF echoes are predicted for a midlatitude loeation,

It is seen that daytime E-layer auroral echoes should be nonexistent while, during
the nighttime, for relatively quiet magnetic eonditions (Q = 3), the eehoes eould appear

within an azimuthal spread between -55° to +20° and range extent from 280 to 780 nmi,

Utilizing Penndorf's spread-F probahility contours, spread-F echoes are prediected
to be present only during the nighttime at the low frequencies (in the vieinity of 10 MHz),
In terms of Aarons' irregularity region, however, hoth daytime and nighttime F-layer

echoes can he expeeted.

It is emphasized that the regions in spaece where orthogonality with the magnetie
field is attained is a function of the electron density along the ray paths, Thus, the
estimates of the range and azimuth orientation of the field-aligned echoes, tabulated in

Tables 2-2 and 2-3, will he modified depending on the ionization distribution in the

ionosphere,

HF backscatter radar observations conducted at Caribou, Maine (geographic coordin-
ates: 47°N, 68°W) revealed that radar refleetions from E-layer irregularities could at times
be observed over an entire 90° azimuthal eoverage, The range extent of E-layer echoes
attained a value as large as 500 km (Campbell et al., 1972), The angular extent of the
backscatter from F-layer irregularities varied from 1° to about 30° while the range extent
was found to be as great at 2000 km, The height interval over which the echoes existed

could not be determined because of equipment limitations,
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2,6 MAGNETIC ACTIVITY INDICES

It should be noted that the magnetic activity index, Q, used by IFeldstein and Starkov
(1967) is related to the geomagnetic planetary index, Kp. According to Valley (1965), a
Q = 0is comparableto a Kp=0or 1;Q=1, Kp=2;Q =4, Kp=5or 6andQ = 7,
Kp=8or9,

The geomagnetic planetary index, Kp, is a mean three-hour magnetic reading derived
from observations located between 47° and 63° geomagnetic latitude. The scale of 0 to 9 is
an arbitrary one where 0 refers to very quiet magnetic conditions end 9 to cxtremcly

disturbed magnetic conditions,

The magnetic activity index, Q (often referred to as the Polar Range Index), is a
quarter-hourly index which is at times used to indicate the scverity of magnetic conditions
for high latitudes (above ahout 58° geomagnetic latitude). The index has not been widely
employed in geophysical analysis because of the complexity involved in the data reduction

of magnctic observations to obtain the parameter.

The cumulative distribution function of the occurrence of Kp is plotted in Figure 2-22
for the two extremecs of solar activity and for the 1932-1970 period (Zawalick and Cage,
1971), In thc period from April 1957 through December 1958, which encompasses the
International Geophysical Year (IGY), the sunspot number was approximately 200 while,
from January 1964 through October 1965, which was a period of quiet solar activity, the
sunspot number was 10, It is seen that, during a timne of minimum solar activity, the
median and upper decile value of Kp is1 and 3, respcctively, while, during maximum solar

activity, the corresponding values increase to approximately 2 and 4, respectively.

Figure 2-23 is a plot of the occurrence of the geomagnetic planetary index, Kp, from
1950 through 1971 (Aarons, 1973a) and thc mean sunspot number, It is apparent that the
occurrence of magnetic disturbed conditions is not correlated with solar activity, These

results somewhat contradict the statistical data presented in Figure 2-22,
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SECTION III

SIGNAL AMPLITUDE AND CROSS SECTION STATISTICS OF
IONOSPHERIC BACKSCATTER ECHOES

3.1 INTRODUCTION

In this section, an analysis is made of the statistical characteristics of the amplitude
and cross-sectional area of HF ionospheric hackscatter echoes that could be observed
by an HF backscatter radar operating in the midlatitudes with a northerly oriented antenna
beam. The echo data that are evaluated were obtained from measurements made by the
Stanford Research Institude (SRI) (Leadabrand et al., 1965) and under the Polar Fox II
program (Bradley et al., 1972; Herman and Vargas-Vila, 1973),

3.2 RADAR EQUATION

In order to interpret the SRI and Pol‘ar Fox Il auroral data in terms of the correspond-
ing effects on an HF backscatter radar, it is necessary to determine the relative sensitivities
of the radars to the aurora, This is accomplished by comparing the various parameters

which enter into the radar equation,

According to the radar equation, the signal-to-noise ratio (SNR) of the received signal

is given by
2
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where Pt is the transmitted power, Gt is the gain of the transmitting antenna, Gr is the gain

of the receiving antenna, A is the wavelength, ¢ is the radar cross section of the target,

R is the radar range, K is Boltzmann's constant (1. 38 x 10-23 Ws/°K), T is the ambient
temperature (288°K), B is the receiver noise bandwidth, NF is the receiver noise figure,
LS is the system loss and Lp is the two-way loss due to the propagation medium. This re-
lationship is applicable to a point target, i,e., the antenna beamwidth is much larger than

the dimensions of the target.
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IFor aurora which partially fills the antenna heam, ¢ is replaced hy the volume

scattering coefficient, T {,e,, radar cross section per unit volume, such that
o= oV ‘ (3-2)
where V is the volume filled hy the -scatterers,

The volume of the aurora intersected by the antenna heam, shown in Figure 3-1, can
be represented by

V.= R (311 AR Ah (3-3)

where Bn is the horizoatal heamwidth of the antenna, Ah is the thickness of the aurora in

the vertical direction, The parameter, AR is the radar range resolution defined by

- ET
AR =

(3-4)
where ¢ is the free-space velocity and 7 is the pulse length.
Substituting Equations (3-2), (3-3) and (3-4) in Equation (3-1), it follows that
2
P P, Gt Gr AToer ﬁH Ah

= (3-5)
T —
N 9um® R® KTB NF L, L,

It is seen that, for a partially filled beam, the SNR is inversely proportional to the

range cubed.

When the scatterers completely fill the antenna beam, the scattering volume for a
rectangular antenna can be described by

2
- 3 -
% R” By BVAR (3-6)
where 3 v is the vertical antenna beamwidth,

Substituting Equations (3-2), (3-4) and (3-6) in Equation (3-1) results in

2 . 4
N 2t4m® R® KTB NF L L, -

It is of interest to note that, for the filled heam case, the SNR is inversely proportional
to the range squared.
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AURORAL

Figure 3-1. Intersection of Antenna Beam with Auroral Arc
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3.3 SRI E-LAYER AURORAL DATA

During the 1959-60 period, SRI conducted an experimental program at Fraserburgh,
Scotland, for the study of the characteristics of radar-auroral echoes (I.cadabrand, et al.,
1965). Radar measurements were made simultaneously at a frequeney of 30, 401 and 800
MHz. The amplitude of the auroral echoces that eould be encountered hy a high-powered HF

backscatter radar is obtained hy extrapolation from the SRI data,

Figure 3-2 is a plot of the relative signal strengths of auroral echoes recorded at the
three frequencies in April 1960, The region of uncertainty between 30 and 401 MHz results
from the fact that there was no way to speeify to what degree the auroral scatterers filled
the 30-MHz antenna beam. At 401 and 800 Mllz, the antenna beamwidth was 1. 2° while, at
30 MHz, it was 15°, Thus, it was assumed that the scatterers completely filled the beam
at the two higher frequencies. However, it was doubtful that the beam was completely
filled at 30 MHz, The 1° x 1° aurora can he considered to be a point target in terms of the

30-MHz antenna,

It is noted that the data in Figure 3-2 are normalized with respect to 401 MHz, For a
filled beam antenna, the relative signal strength of the 30-MHz echoes was 6 dB greater than
those at 401 MHz, while for the point target case, there was a 28-dB difference between
the 30- and 401-MHz data,

The absolute magnitude of the 30-MHz auroral echoes can be deduced by comparing
the system sensitivities of the 30- and 401-MHz radars. According to Table 3-1, the
401-MHz radar was 48, 9-dB more sensitive than the 30-MHz radar assuming that the
aurora was a point target, and 26, 9-dB more sensitive, assuming that the 30-MHz antenna
beam was completely filled with scatterers, Thus, as indicated in Table 3-2, it follows that
the magnitude of the 30-MHz radar auroral data was 20. 9 dB less than that of the 401-MHz

data,

The amplitude distribution of the 401- MHz radar-auroral echoes is presented in
histogram fcrm in Figure 3-3, It is noted that the system noise level was approximately
-133 dBm and that the system saturated at -60 dBm which accounts for the large number

of echoes at that amplitude,
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TABLE 3-1

COMPARISON OF SRI-SCOTLAND 30-MIiz AND 401-Mliz RADAR SYSTEM
SENSITIVITIES UTILIZED IN THE APRIL 1960 RADAR-AURORA LL OBSERVATIONS

Point Target

(401 MHz/30 MHz)

Scatterers Fill
Antenna Beam
(401 MHz/30 MHz)

Parameter |30-Mliz Radar |401-MHz Radar (dB) (dB)
2
3 m") (10. 0)2 (0.748)2 -28 5 -22,5
P, (MW) 0. 0015 0.12 +19 +19
G, G, (dB) 40 84 +44 +44
(EVV)A (deg) 15 1.2 = -11
(E\V)E (deg) 15 1.2 - -11
T (uS) 300 300 0 0
B (kHz) 6 6 0 0
NF (dB) 9 4.5 +4,5 +4,5
L, (dB) 7 3 1 +3.9 +3.9
+48, 9 +26, 9
Note: (BW) A = Azimuth Beamwidth

BW)

It

Elevation Beamwidth




TABLE 3-2

ESTIMATE OF SRI 30-MHz RADAR-AURORAL SIGNAL MAGNITUDE RELATIVE TO
401-MHz RADAR DATA

Normalized
Auroral Signal Radar Auroral Signal
Auroral Scatterers- M gnitude Sensitivities Magnitude
Antenna Beam (30 Mriz/401 MHz) | (401 MHz/30 MHz) | (30 MHz/401 MHz)
Configuration (dB) (dB) (dB)
Point Target +28 +48. 9 =20, 9
Filled Beam +6 +26.9 -20,9
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The histogram data, when replotted as a cumulative distribution on probhability
paper, shown in Figure 3-4, closely fit a straight line. This characteristic is indicative
that the 401-MHz amplitudes are log-normaily distributed. The theorctical normal distri-
bution function plotted in Figure 3-3 was computed utilizing the value of -77. 2 dBm for the

mean as obtained from Figure 3-4.

It is assumed in this analysis that the 30-MHz amplitude data also followed a
Gaussian distribution, Table 3-3 lists the statistical parameters of the 401-MHz distribu-
tion and the extrapolated 30-MHz distribution, The latter, which is also shown in Figure
3-4, was derived on the basis that the 30-MHz auroral echoes werce 20. 9 dB less than the
401-MHz results,

In estimating the magnitude of the auroral echoes that could be obsecrved by an HF
backscatter radar, it is nceessary to compare the sensitivity of the HF backscatter radar
to that of the SRI 30-MHz radar. Aceording to Table 3-4, assuming a pulse length of
400 us, the HF radar is 37.1 dB morc sensitive than the SRI 30-MHz radar for the point
target case and 33. 5 dB more sensitive for the filled beam case. When the pulse length is
dcercasced to 10 us, the diffcrence in sensitivities decreases to 21. 1 dB and 1. 5 dB for the

point target and filled bcam case, respeectively.

The predicted HF backscatter radar-auroral clutter levels at 30 MHz are presented
in Table 3-5. The calculations are based on combining the SRI 30 MHz radar-auroral data

given in Table 3-3 with radar sensitivities in Table 3-4,

In deducing the radar-auroral signal levels at other frequencies in the HF band, it

is assumed that the auroral echo power is frequency dependent according to the law

-n

P = kf (3-8)

where k and n are constants, Utilizing the data in Figure 3-2, it can be shown that, for
this power law, n = 2, 5 for a point target and n = 0, 5 for the filled beam case. However,
an examination of other radar-auroral data taken by SRI at Scotland indieated a value of
n = 6, 8 for a point target and n = 2, 7 for a filled beam (Leadabrand, et al., 1965).

An analysis of auroral echoes from simultaneous multiplc frequency observations
in Alaska by Leadabrand et al. (1967) revealed that n = 2 for frequencies between 50 and
850 MHz and n = 5 between 850 and 3000 MHz,
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TABLE 3-3
STATISTICAL PARAMETERS OF SRI RADAR-AURORAL DATA

Statistical 401-MHz Data 30-MHz Data

Parameter (dBm) (dBm)
Upper Decile -58,2 -79.1
Upper Quartile -67.2 -88.1
Median -77.2 -98.1
Lower Quartile -87.2 -108.1
Lower Decile -96. 2 -117.1
Standard Deviation 14. 8 14.8
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TABLE 3-4

COMPARISON OF HF BACKSCATTER RADAR SYSTEM SENSITIVITY

TO THAT OF THE SRI-SCOTIAND 30-MIIZ.RA DAR

HF Baekseatter

SRI-Scotland

Point Target
(IIF Radar/SRI)

Scatterers Fill
Antenna Beam
(HF Radar/SRI)

Parameter Radar Radar (dB) (dB)
A% (m?) (10. 0)° (10, 0)° 0 0
' P, (MW) 0.4 0.0015 +24.3 + 1.3
Gt Gr (dB) 45 40 +5 +5
(BW) 4 (deg) 5 15 - -4.8
(W)E (deg) 15 15 - 0
T (us) 400 300 - SN2
10 -14, 8
‘ B (kHz) 2.5 6 +3.8 +3.8
, 100 -12,2 -12. 2
| NF (dB) 9 9 0 0
L, (dB) 3 7 +4 +4
(T = 400 us) +37.1 dﬁ +33. 5 dB
(T = 10 us) +21,1dB +1.5dB

l
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TABLE 3-5

ESTIMATE OF HF BACKSCATTER RADAR-AURORAL SIGNAL LEVELS
AT 30 MHz BASED ON SRI DATA

Point Target

Scatterers Fill
Antenna Beam

Statistical T = 400 us T = 10 us =400 us T = 10 us

Parameter (dBm) (dBm) (dBm) (dBm)
Upper Decile -42.0 -58.0 -45.6 -77.6
Upper Quartile -51,0 -67.0 -54,6 -86.6
Median -61, 0 -77.0 -64.6 -96.6
Lower Quartile -71.0 -87.0 -74.6 -106.6
Lower Decile -80. 0 -96.0 -83.6 -115.6
Standard Deviation 14,8 14, 8 14,8 14,8
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1 Radar backscatter measurements of artificial electron clouds in the L-region of the
1 ionosphere by Gallagher and Barnes (1963) yiclded a constant, n, of 4 for frequencies bhe-
tween approximately 20 and 50 MHz and -4 between 5 and 20 MHz, At times, however, it

was found that the amplitude recturns were insensitive to frequency in approximately the

10- to 20-Mliz range,

From simultanecous auroral echo mcasurements at a frequency of 49.7, 143.5 and
226 MHz, Flood (1965) has deduced a value of n = 3, 5 to 3, 7 hetween 49. 7 and 143, 5 MHz
and n=6.5 % 1, 3 betwecen 143, 5 and 226 MHz, During periods of intense auroral reflections,

there were instances whenn = 12,9 + 1, 2 between 143, 5 and 226 MHz,

Since there is wide discrepancy in the experimental measurements of the frequency
dependence of auroral backscatter, which could be due to the characteristics of the auroral
ionization, i.e., inhomogeneous distribution of auroral electrons, varying seale sizes of
ionization irregularities and different scattering altitudes, a value of 4 for the exponent in

Equation (3-8) is assumed in this analysis.

The estimated median auroral-echo amplitudes that could eonfront an HF backseatter
radar in the 5- to 30-MHz band are plotted in Figure 3-5, The external noise level of a
rural environment also shown in Figure 3-5 is the average median value in a 1-Hz bandwidth
as predicted for a location in Maine for all seasons, all times of day and a sunspot number
of 70, The more preeise values of the external noise levels are given in Table 3-6. It
is seen that the auroral echo amplitude increases with decreasing frequency and inereasing
pulse length and that the amplitude of the point target case is greater than that of the filled

beam case,

Figure 3-6 is a replot of the data in Figure 3-5 in terms of the auroral SNR assum-
ing a 1-Hz bandwidth, It is of interest to note that the SNR maximizes in the vieinity of
10 MHz. This is due to the fact that the external noise level increases with deereasing

frequency.

The statistieal estimates of the auroral SNR are listed in Table 3-7, It is seen

that the quartile values are +10 dB with respect to the median level while the deeile values
are +19 dB. In other words, there is a 20-dB differenee in the auroral elutter-to-noise
ratio between the upper and lower quartiles and 38-dB differenee between the upper and

lower deciles.
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TABLE 3-6

AVERAGE MEDIAN VALUES OF EXTERNAL NOISE (RURAL ENVIRONMENT)
AS A FUNCTION OF MEDiAN MAXIMUM USABLE FREQUENCY AS
PREDICTED FOR MAINE FOR ALL SEASONS,

TIMES OF DAY AND SSN OF 70

Maximum Usable .
Frequency Median Noise
(MHz) (dBm/Hz)

5 -122,6
10 ~136.8
15 -142. 6
20 -146.5
25 -148,5
30 -150.3




[ TABLE 3-7

BASED ON SRI DATA

" ESTIMATE OF HF BACKSCATTER RADAR E-LAYER AURORAL SNR

Pulse Upper Upper Lower Lower
Freq Target Length Decile | Quartile| Median | Quartile| Decile
(MHz) | Configuration us) (dB) (dB) (dB) (dB) (dB)
5 PT 400 111, 7 102, 7 92,7 82,7 73.7
10 95.7 86. 7 76.7 66,7 57.7
i FB 400 108.1 99.1 89,1 79.1 70. 1
! l 10 76.1 67.1 57.1 47.1 38.1
10 T 400 113.9 104.9 94.9 84.9 75.9
10 97.9 88,9 78.9 68.9 59.9
FB 400 110, 3<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>