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Abstract. The high latitude ionosphere is more often dis- installation operating on 38.2 MHz is very carefully main-
turbed than quiet, i.e. fluxes of charged particles domi-tained, repeatedly calibrated and the QDC established every
nate over solar controlled ionisation. Nonetheless, the actuaivo weeks. Due to the absorption of the solar controlled
amount of the predictable, solar-controlled ionisation and theionosphere, the course of the received signal on a quiet Sum-
resulting absorption is of interest for some applications. mer day should ideally be systematically smaller than that
of an equally quiet Winter day. To put his idea to a test
we plot such QDC's vs. sidereal time and form the differ-
ence between the two (Fig. 1). This difference (mean of AM
and PM) indeed varies with solar zenith angle (see results in

Absorption of natural extraterrestrial radio sources is rou-Fig. 5), however repeating the procedure for high solar ac-
tinely measured by riometers at many locations in po|artivity yields an inverse behaviour, namely that there is less
regions. According to magneto-ionic theories of different absorption for larger solar activity. We therefore conclude

degrees of complexity (Appleton-Hartree, Sen and Wy||er,that this method of establishing the background absorption
1960, or the Extended Sen and Wyller, Friedrich et al., 1991)0f the order of typically less than 0.2dB requires a stability

to a good approximation absorption is proportional to theexceeding what is achievable with even the most carefully
product of electron density, and the frequency of collisions maintained instrument. Furthermore this procedure could at
between electrons and neutrajs. According to laboratory ~ bestyield absorption beyond the very small night values, but
measurements (Phelps and Pack, 1959)is proportional ~ €an notyield night time absorption itself.

to pressure. The product of, v, thus maximises in th@®-

region. Since pressure deviates only marginally relative to

predictable “normal” values, thB-region electron densities 3 Rocket data

must be responsible for variations of radio wave absorption.

The least questionable method to establish absolute elec-
tron densities is to employ a semi-in situ wave propagation
method, i.e. to transmit RF waves from the ground to the

A riometer measures signal strength of natural extraterres]flylng rocket. Of the 125 such profiles measured by rocket

trial radio sources at frequencies which always penetrate thg'ghts n the auroral zone, only about a quarter covera he|ght
ionosphere £20MHz). An upward looking antenna can region which one can reasonably expect to contribute in ex-
“see” different parts O'f the sky in the course of a sidereal €€SS of 90% to the radiowave absorption; from experience of

day (Quiet Day Curve). Negative deviations from the QDC Iooklntgtr? t th_e _SImlurI]at_ecrj“lncrement?l e_ltbtso;;())tltonlg%Blj%an
are attributed to absorption by the ionosphere. Riometers ar}gef_set_ em_|n|mat1 eight coverage fimi bo tp o Km. yl
typically located in polar regions, i.e. beyond the arctic circle efinition a riometer measures excess absorption, 1.€. signais

and therefore in Winter in full darkness for the whole sidereal _below the experimentally determined QDC; hence subtract-

day. In mid-Summer, however, the solar zenith anglean ing the (measured) riometer absorption from the simulated
var3./ between 4‘6and7 88 The,imaging riometer IRIS lo- integral absorption should yield the absorption due to the

cated in Kilpisjrvi, Finland, has 49 beams, whereof the Cen_undisturbed ionosphere (solar controlled “rest absorption”).

tral (upward looking) beam is the narrowest6.F). The Figure 2 sh(_)ws these absorption dlffererjces as a function
of solar zenith angle. As one can see, in many instances

Correspondence tayl. Friedrich the (riometer) absorption measured on the ground was larger
(friedrich@inw.tu-graz.ac.at) than the simulated (integral) absorption (i.e. negative rest
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Fig: 1i/\|/5_mpiricatljlysdetermined quiet day curves of the IRIS riome- Fig. 3. E-region electron densities as a function of solar zenith an-
terin Winter and Summer. gle. Note that probably at night values below the EISCAT threshold
exist. Values for high solar activity are highlighted.
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various solar zenith angles. The profile of the rocket flight NLTE-2
Fig. 2. Difference between simulated integral absorption and ob-is also included as a proxy for night-time True Quiet.
served riometer absorption as a function of solar zenith angle (cal-
culated for 27.6 MHz and x-mode).

than that of most rocket borne methods and also the thresh-

. : 3 -3
absorption!). Apart from trivial explanations such as inaccu-°!d density between typically at 33m° and 2.16m

rately determined QDC's, poor riometer readings or insuffi- For VHF and UHF, respectively, is considerably larger than
cient height coverage of the electron density profiles, one caf’hat is achievable by sounding rockets measurements. \We
conclude that the electron density measured by the sounding®W Plot all available high latitude electron density data at

rocket is not always representative for the part of the jono-Many pressures surfaces as a function of solar zenith angle;
sphere “seen” by the riometer. Fig. 3 shows an example of thig-region. The intention be-

hind plotting the values at pressure surfaces rather at con-

stant heights is that by this procedure seasonal variations
4  True Quiet ionosphere are at least in part accounted for; for the present analysis

we use CIRA-86 corrected by local atmospheric measure-
Apparently none of the above methods is suited in practice tanents made above Andgya. The figure shows (a) a large
determine the rest absorption, therefore another approach igariability notably at night and (b) a distinct boundary dur-
pursued. The European incoherent scatter radar facility EISing the day. This boundary density seems to follow a re-
CAT located near Tromsg has provided literally thousanddation with solar zenith angle as described by the Chapman
of electron density profiles. The height resolution is poorerbehaviour of the formV, = N,(cosy)". We repeat this
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Table 1. Representative annual mean parameters to estimate quiet

0.6 1 ¢ - —1 absorption (27.6 MHz, x-mode, vertical incidence) for low and high
os n solar activity, and auroral and non-auroral latitudes, respectively

a
g 041 low solar activity (67 Jy)  high solar activity (200 Jy)
5 03 auroral  non-auroral  auroral non-auroral
R i — '_L_”_'__(___.\_\ Lo, dB  0.140 0.199 0.191 0.329
0.1 n 0.570 1.175 0.546 1.114
L,,dB 0.012 0.004 0.012 0.004

Month

ring in that month (smoothed by a running mean). In Table 1
annual mean values df, andn are given for high and low
gactivity, for other solar activities one can interpoldig and

n for the desired solar fluxes. Also given in the table are the
corresponding values from a non-auroral model of the lower
ionosphere (Friedrich and Torkar, 2001) which are generally

Fig. 5. Variation of the subsolar absorption Lo and the exponent n
as a function of season for low solar activitf107 = 67 Jy). The
values are derived from the zenith angle ranges actually occurrin
in each month.

04 S AR — auroral TQ, low lower for those zenith angles where the auroral results are
R SN — —non-auroral, low valid. The auroral zone night valug, is based on the low-

03 N Y ::‘;‘:"rﬁlhﬁ"h est electron density ever measured by a sounding rocket at
o N i “.\ - - RIS, low $me high latitudes (payload NLTE-2, ESRANGE, 6 March 1998,
P N NN - - IRIS, high x = 117). Figure 6 graphically shows the variations of the
2 0.2 S~o %] | — —non-auroral, night background absorptions with solar zenith angle.

g‘ \\\ A -, | —auroral, night
8 ~ Sk 0o
< \\\\\\ A kS N .
o \\\‘Q . 5 Conclusions
T~ \\\ Three methods to experimentally determine the absorption
\\E of the quiet ionosphere at high latitudes are presented, which
0 == are all based on reasonable arguments. However only the
40 50 60 70 80 % 100 110 simulations using True Quiet electron density profiles yield

Solar Zenith Angle, d A . . .
olar cenith Angle, deg results qualitatively in agreement with theoretical considera-

tions. Electron densities for quiet night time conditions are
far be- low the threshold of EISCAT, but the lowest rocket
borne electron density profile can be used as a proxy for True
Quiet beyond solar zenith angles 0f°98

Fig. 6. Variation of the background absorption with solar zenith
angle determined by different approaches (27.6 MHz, x-mode).
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