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Abstract. The first joint common volume measurements by ity of the ionosonde measurement interpretation becomes
the Digisonde Portable Sounder (DPS-4) and a new Dopplemore and more important. Over the past decades many re-
type system has been run at the Pruhonice ionospheric obsesearch teams have sought solutions to the complicated task
vatory (49.99N, 14.54 E) since January 2004. The mea- of replacing manual ionogram interpretation with automated
surement of the Doppler shift is carried out continuously computer techniques and improving the reliability of scaled
on a frequency of 3.6 MHz, thus the radio wave is reflectedionospheric parameters, making the data, in combination
predominantly from the ionospheric F layer. To comparewith models, more useful for nowcasting of ionospheric con-
digisonde measurements with the Doppler data, a phase patlitions (e.g. Galkin and Dvinskikh, 1968; Wrightetal., 1972;
was calculated from both Doppler and digisonde recordsReinisch and Huang, 1983; Titheridge, 1986; Bossy, 1994;
Under stormy conditions and in the case where a sporadi€hen et al., 1994, Bibl, 1998; Pezzopane and Scottto, 2005;
E layer was present, a significant disagreement between botReinisch et al., 2005). Nevertheless, the following uncertain-
measurements has been found. The discrepancies could hies are still possible during ionospheric vertical sounding:
related to the uncertainties of the observational inputs and
to the interpretation of the digisonde data. The compari-
son of the phase paths shows that during geomagnetically

quiet days, in the absence of the sporadic E layer, and when — uncertainties due to incorrect auto scaling (large gaps in

— uncertainties of the ionosonde measurements them-
selves,

high quality ionograms are available and correctly scaled, ionogram traces, gaps produced by strong interference,
the electron density N(h) profiles, calculated by the Auto- insufficient quality of the pattern recognition of the trac-
matic Real Time lonogram Scaler with True height algorithm ing algorithm itself) (Reinisch et al., 2005; Pezzone and
(ARTIST), can be considered reliable. Scotto, 2005),

Keywords. lonosphere (Mid-latitude ionosphere; Instru-  _ |imjtation of the profile inversion algorithm (uncertain-

ments and techniques) ties near the critical frequencies; uncertainties due to the

presence of the sporadic E layer (Paul, 1986); ionosonde
cannot directly determine the electron density profile in
1 Introduction the valley between the E and F layers (where it uses the
valley model and adjusts parameters so as to match the
The quality of ionospheric radio communication depends measured F-trace, Reinisch and Huang, 1983).
critically on space weather conditions, and particularly on
the state of the ionospheric ionisation. Important iono-
spheric information is obtained through vertical incidence
sounding. Presently, a global network of modern ground-
based ionosondes supplies users with real-time automaticall
scaled ionospheric parameters. Due to the growing nee
of real-time mapping and short-term predictions, the qual-

It is difficult to take into account all these uncertainties and
estimate a confidence interval for the resulting data. How-
ever, it is possible to test the quality of the experimental re-
ults by their comparison with data obtained by another type
f apparatus. In particular, ionospheric disturbances well ap-
pear on Doppler records. The uncertainty within the Doppler
shift measurement is mainly determined by the instability of
Correspondence td). Buresova the frequency of reference generators and errors arising due
(buresd@ufa.cas.cz) to interference of radio waves. Both errors can be reduced
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with the help of apparatus design and corresponding comthe recorded ionograms and Eq. (2) — the inversion method
puter programs. The Doppler shift of a radio wave can beconsiders the ordinary trace (O-trace). For the given day we

calculated using the equation (Davies, 1969): select the intervals, when there is only an O-trace on the iono-
fdpP grams in the surrounding of the working frequency of the

fa = —'—E , (1) Doppler measurements. Thus, we know that we have only
crL

the O-trace on the Doppler records. Then we assume for
where f is the carrier frequency of the radio sounder, and  these intervals that the phase paths obtained from the iono-

is the speed of light, gram (P;) and from the Doppler measuremeRy{ are equal.
For the given day we obtain several data points, which can

P= f n cosads (2)  provide slightly different:g. Then we fit the set of individual
S P; and P4, using the least squares method to obtain the value

of hg. We assume that the phase path from the ground sur-
face to the radio wave reflection point equals to the backward
phase path from the radio wave reflection point to the ground
surface. Therefore, for comparison of the phase paths we use
P.(t)=P;(t)/2 and P, (t)=P4(t)/2; time variations ofP, and
A 2w(1-w) 3) P, are similar to time variations of the reflection height.
2(1—w)—u sir A+v/u2 sin A+4u(1—w)2 co? A The aim of the study is to verify the ionogram inter-

. 10 3. pretation quality by comparing phase paths computed from

w=N/Nn, Npn=1247210Celectronm® is the electron  gigisonde-derived N(h) profiles and Doppler apparatus mea-

density at the height of radio wave reflectian,is the elec-  gyrements during simultaneous common volume measure-
tron density at a given heighi=f3/f2, 1 is the angle be-  hents.

tween direction of the geomagnetic field and radio wave tra-

jectory, fy is the gyro frequency for geomagnetic latitude

of ionospheric sounding, the sign “+" is for ordinary waves 2 poppler apparatus
and “—" is for extraordinary waves. The absorption of radio

waves and the variation of geomagnetic field with time haveThe Doppler apparatus has been designed and constructed
been neglected. in the Institute of Atmospheric Physics (IAP), Prague. The
Equation (2) takes into account the electron density pro-measurement is carried out at a working frequency of about
file (N(h) profile) from the initial height to the height of ra- 3.6 MHz (3.5945 MHz). Therefore the radio wave is reflected
dio wave reflection. To compare the digisonde and Dopplefpredominantly from the ionospheric F region. The frequency
data we use N(h) profiles obtained from ionograms byof the transmitter, as well as the receiver frequency, is de-
the inversion algorithm NHPC (a program for inversion of rived from the 10 MHz reference oscillators by means of di-
scaled ionogram traces into electron density profiles) incorrect digital synthesis. The short time stability of the oscil-
porated in the ARTIST scaling program (Automatic Real |ators is 2.101%. The output power of the transmitter was
Time lonogram Scaler with True height algorithm) (Reinisch jowered to 1 W to avoid interference with the other measure-
and Huang, 1983). The inversion technique is based on thenents, while the signal-to-noise ratio showed only negligi-
least squares fitting of modified Chebyshev polynomials tople degradation. The transmitting antenna in use is a small
the profiIeS of each of the ionospheric Iayers. The methodg,xg rnz magnetic |Oop' whereas at the receiving side, 0n|y a
of ionospheric F region botomside ionogram processing issimple/4 wire is used. The receiver is built on a “zero IF”
described in details by Reinisch and Huang (1983). Therdirect conversion scheme with 80 Hz AF pitch. The I-Q out-
we calculate the phase path (Eq. 2) of the sounding ra- puts of the receiver (two signals in quadrature) are fed to the
dio wave, P;. To calculate the phase pathon the basis of  two-channel synchronous AD converter and data stored via
Doppler record, we use an equation derived from Eq. (1):  |ocal area network in the selected computer. The final signal
‘ (signal corresponding to one sideband) is obtained by digital
Py = _c / Fa(0)dt + ho, 4) signal proces;ing "f‘ the frequency domain. .
f The transmitter is located at the Pruhonice observatory
0 (49.99 N, 14.54 E), which is only about 7 km from the re-
wherehg is a constant. ceiver located in Prague at the main building of the Institute.
The relative accuracy af; is determined only by the ac- Thus we obtain the Doppler shifted signal nearly vertically
curacy of measurement of the Doppler shfft, while the  reflected. A great advantage of this topological arrangement
absolute accuracy is influenced also by the accuradypof is the simultaneous operation and common volume measure-
determination. Parametép in Eq. (4) cannot be directly ments with the digital ionosonde (Digital Portable Sounder
calculated from Doppler records. However, we can calcu-DPS-4) located also at Pruhonice, which turned out to be
late the entire phase path using N(h) profiles inverted fromvery helpful in the interpretation of data. The drawback of

is the phase path of a radio wawe,is the angle between
trajectory of radio ray and z axis (z is vertical coordinate),
is the path of radio ray from transmitter to receiver anid
the refractive index n=+/1—A, where (Davies, 1969):
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Common logarithm of Power spectrum of Doppler shift measurement at f=3.59 MHz, time=0 is at 2004/04/15 16:00
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Fig. 1. An example of a Doppler record: the upper plot is the initial Doppler spectrogram, the lower plot represents a curve of Doppler
frequency shift corresponding to the spectral peak in the spectrogram found by special software. Blue colour depicts points of high reliability;
the magenta colour depicts points of low reliability. Time is in UT.

this arrangement is a strong ground wave that makes the d&8 Comparison of phase paths calculated from iono-
tection of small Doppler shift less than 0.04 Hz) impos- grams and Doppler records
sible. We eliminate the signal corresponding to the ground

wave by digital processing in the frequency domain. On thep routine ionosonde measurement is usually repeated once
other hand, the ground wave provides us with direct venﬂca-every 15min. To compare ionogram and Doppler measure-

tion of the stability of the oscillators and zero drift line. ments we selected 21 days, when there was only one trace or
Since we are using a frequency in the amateur band, Wene trace clearly dominated on Doppler records (high quality
have to transmit a call sign each minute. The duration ofyaa) As a result, we could detect a spectral peak and follow
the call sign is~5s. During that time the data acquisition ;g neak from spectrum to spectrum. To present a detailed
is stopped. That means that the maximum time interval thaf 5y sis of each of the 21 individual days would be boring for
can be processed by the FFT algorithm855s, so the best o5 qers. Therefore, we present the comparative analysis only
frequency resolution that we can obtaimi4/55=0.018 Hz. ¢4, hine representative days (41, 42, 68, 69, 93, 96, 106, 117,

The receiver and transmitter are synchronised by GPS clock149) of 2004. Figure 1 shows an example of such Doppler
The data are visualised by means of spectrograms, usually, ;s during day 106 of 2004.

with a time resolution of 1 min.

The Doppler system has one more working frequency nea]; As men';ilorégd above, routine N'(h)”prgfilis are processfed
7.0 MHz. However, there are technical problems with high rom recorded ionograms automatically by the ARTIST soft-

level of noise at this frequency and, moreover, it is suitableVare: However, the automatic scaling can sometimes be in-

only during daytime and moderate and high solar activitycorreCt' ghﬁs’ we havg mamlj_ally tfesltle_d and, when nelcezs_ary,
conditions, not near the solar cycle minimum like in 2006, corrected the automatic scaling of all lonograms involved in

whenfoF2 is almost all the time below 7 MHz. this ;tudy. Phase paths have been cpmpqted using onIy. N(h)
profiles obtained from manually revised ionogram scaling.

On the other hand, ionograms shown in the paper (Figs. 2
and 5-8) are digisonde-generated automatic scaling figures,
used solely to detect intervals, when only ordinary trace, or
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3.6 MHz. Similar gaps at 3.6 MHz are observed also at other

Gms%mi'p' Prahonice 3004 Ape15 106 1645 RSF Gsh 5 T4 100 107 Al . :
L ‘ ionograms shown in the paper — always for the same reason
e w1200 ‘ | and without impact on our considerations and results.
Bl Figures 3 and 4 present examples of typical results of com-
P R o parison of the calculated and experimental phase paths.
MUF (D} 24.65
H(D) 3.27  gpg “; : o -
o m ‘ ‘ 3.1 Day 149 of 2004 (Fig. 3a)
h'FZ Hik IR :
h'E 115.0
o R * We observed only the O-trace on the ionograms in the re-
hnFl Hih r Ty . A
e s e P : gion nearby to 3.6 MHz from 04:45 to 05:00 UT and then
y g o maairh .

o ae ™ i ar from 15:45 to 17:00 UT. We used these intervals to deter-
BO 75.2 |} . . .
5 L ] mine hg. A sporadic E-layer (B was present on the iono-
—leve. i
R e et grams from 05:15 to 12:30 UT. Both O- and X-traces were

m = ‘ recorded on the ionograms in the region close to 3.6 MHz

Wi 1 from 00:15 to 04:45 UT. Comparing with the experimental

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 H

b s s s e s toom Ls0m s00s frmy phase path, the dn‘ferencg for the calculated phase paths for
et o saossiason war ¢ Somersmn B e s S oo panse 050 4 5.0 W 166 @ fonng v 14,08 O-wave wasn=7.6 km, while for X-waven=18.2 km. Thus,

P.(t) of O-wave agrees better with the experiment. The av-
Fig. 2. An example of the ionogram recorded at Pruhonice aterage differencen is calculated as an average value from
16:45 UT of the day 106 of 2004, when only the O-trace marked absolute values of differences (i.e. irrespective of their sign)
by red colour was present in the vicinity of f=3.6 MHz. between ionogram and Doppler phase paths. Thus small
m means good coincidence between phase paths. There is
. . a sharp shift of the experimental phase path from 05:00 to
only extraordinary trace, or sporadic E layer are present ahs.15 yT, because the radio wave reflection point dropped
lonograms. S . from the F-layer to E There was an O-echo trace ang E
There is an ambiguity in Doppler measurements Since W&4ce on the ionograms close to 3.6 MHz from 12:45 to 15:30.
are not sure what mode of wave (ordinary or extraordinary)tne comparison oP.(t) with P,(t) showsm=8.2 km for O-
we are observing on the Doppler records. To remove thigrace andn=5.4km for the E-trace in this interval. Thus,
ambiguity, we used the following approach: P.(¢) for the wave reflected from the,Hayer agrees better
1. We consider the presence or absence of O- (ordinary ith the experiment. Another sharp shift of the experimental
and X- (extraordinary) echo traces near 3.6 MHz on hase path was observed from 15:45to 16:00 UT. In this case
ionograms. The absence of X-trace (O-trace) on iono—the rad|o wave refiection point jumped from B F Iayer:
grams (see an example of such a case in Fig. 2) durin rgaa::wns’ ﬁ}omf\"iii?st;(;cg% :\r/laﬁgs%r\c,)vrirel?rlegigt ;;jged?rno'
(o moasures tho O race (X ace,trat ace wich s COMPaSon ofcalculated phase paih wih experimertal
present at ionograms. Thus, we consideP.(r) of X-trace to be closer to the ex-

2. Inthe case where both O- and X-traces are present closBerimental phase path. ARTIST does not take into account
to 3.6 MHz, we calculateP,(t) (the phase path, calcu- the sporadic E layer when computing electron density profile.
lated from the ionogram) for O-trace and for X-trace Sporadic E layer was present on the ionograms from 05:15 to
and compare the calculated phase paths with the expei5:30 UT, as illustrates an ionogram and corresponding N(h)
imental phase patt®,(t) obtained from Doppler mea- profile shown in Fig. 5. As a result, the differences between
surements for every interval. We calculate the averagele(?) for O-wave andP, (1) wasm=11km.
difference {n) based on squares of individual differ-
ences between calculated and experimental phase path3:2 Day 106 of 2004 (Fig. 3b)

We usem to define what components, O- or X-echo

traces, coincide in the best way with experimental one, Ve saw a few intervals on ionograms, where only the O-trace

and we suppose that this mode of wave is what we obJn the region of 3.6 MHz was present. We used these inter-

serve on the Doppler records. vals to defingzg. The comparison of calculated phase paths

with experimental ones shows=6.3 km andn=22.8 km for

Figure 2 displays a gap in the record at 3.6 MHz as a conse©-trace and X-trace, respectively. So, it) calculated for
quence of interference with the Doppler system signal duringthe O-trace shows better agreement with experimental phase
common volume measurements. However, presence of onlpaths P,(tr). Some discrepancies between the phase paths
the O trace on ionogram at frequencies below and above tha the interval from 11:00 to 16:00 UT are caused by spo-
gap allows us to assume that only the O trace is present atdic E or by gaps in the trace on the ionogram (Fig. 6). It

Ann. Geophys., 25, 89804, 2007 www.ann-geophys.net/25/895/2007/
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Fig. 3. Typical phase paths of radio wave (f=3.6 MHz) calculated from ionogram (triangles) and inferred from Doppler records (full-circle

lines) for the days 68, 69, 106, 117 and 149 of 2004 involved in the study. ComparisonRfthealculated from manually corrected and
automatically scaled ionograms witt (¢) are shown in the plot&) and(d), respectively. Time is in UT.

is necessary to note that the day 106 was geomagneticallg.3 Day 117 of 2004 (Figs. 3c, d)
quiet day Q,; index was smaller than 11), the quality of the

recorded ionograms was high, and the manual correction ofO he Pruhonice didisond ds the O domi q
ionogram scaling practically not necessary. n the Pruhonice digisonde records the O-trace dominate

close to 3.6 MHz from 05:45 to 06:00. Well-developed
Es-trace was observed during the intervals from 06:30 to
09:45 UT, from 12:45 to 14:30 UT, from 15:00 to 15:30 UT,
and from 19:00 to 22:30. Both O- and X-echo traces were

www.ann-geophys.net/25/895/2007/ Ann. Geophys., 25, 8952007
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Fig. 4. Typical phase paths of radio wave (f=3.6 MHz) calculated from ionogram (triangles) and inferred from Doppler records (full-circle
lines) for the days 41, 42, 93 and 96 of 2004 involved in the study. Time is in UT.

present on the ionograms close to 3.6 MHz from midnightFig. 3c it is evident that the discrepancy betwe®ii) and

to 05:30 UT. Comparing wittP, (¢), we obtainedn=2.56 km P, (1) is considerably higher during the time intervals from
for P.(¢) calculated for O-trace, and=33.6 km for the phase 06:30 to 15:45 UT and 19:00 to about 23:00, during the pe-
path calculated for X-trace within this time interval. Thus, riods when the Elayer was present (examples of ionograms
P.(t) of O-trace agrees better with the experimerRalt). are presented in Fig. 7). The above finding is valid for all
There is an altitudinal significant shift of the experimen- analysed time periods, when Es layer occurred in the vicinity
tal phase path from 06:15 to 06:30 UT (Fig. 3c), probably of 3.6 MHz. Furthermore, Fig. 3c shows the phase paths ob-
caused by the movement of the radio wave reflection heightained from manually corrected ionograms; manual correc-
from F layer to the Elayer. There were both ordinary and tion removed outliers observed in uncorrected data (Fig. 3d)
extraordinary F layer traces and the trace pidyer on the  caused by automatic scaling. The average difference for au-
ionograms close to 3.6 MHz from 15:45 to 16:15 UT. The toscaled data was=9.4 km, while after correction it de-
comparison ofP, (¢) with P,(¢) showsm=2.7 km for O-trace  creased tan=7.8 km.

andm=7.7 km for the E-trace. ThusP.(¢) calculated for O-

trace displayed better agreement with f3¢r). Both O-and 3.4 Day 68 of 2004 (Fig. 3e)

X-traces were again observed on the ionograms in the vicin- i i , )

ity of 3.6 MHz from 16:45 to 23:45 UT. The comparison of It was a qu[et magngtlc day: th@,, index was hlgher than
calculated phase paths with experimental ones showed bette_r6 nT. Again, to defineho, we selected the time intervals,

agreement for th@,(¢) obtained for the ordinary trace. From when only th_e O-trace_was present close to 3.6 MHz. The
X-trace dominated on ionograms from 00:15 to 05:00 UT.

Ann. Geophys., 25, 89804, 2007 www.ann-geophys.net/25/895/2007/
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Fig. 5. An example of the ionogram recorded at Pruhonice obser-Fig. 6. An example of the ionogram recorded at Pruhonice obser-
vatory at 09:15 UT of the day 149 of 2004 when sporadic E wasvatory at 11:30 UT of the day 106, 2004, when O-trace was absent
present. Black line shows the automatically scaled N(h) profile byin the frequency range close to 3.6 MHz. Black line shows the au-
the ARTIST software. tomatically scaled N(h) profile.

During this time periodoF2 was less than 3.6 MHz and we digisonde data. Then we separated the time periods when

got no required digisonde data. The comparison of Calcu_'both O- and X-traces occurred on the ionograms nearby

lated phase paths with experimental ones for the time Periz o MHz. After 22:15 UT, againfoF2 fell below 3.6 MHz,
ods, when both O- and X-traces were present on the iono

and only the X-trace was present on ionograms. That is why
grams (e.g., from 05:15 to 06:30 UT), reveals16.2 km v P.() is ol in the Eiq. 3f 2915 UT. There i
andm=4.3 km for O- and X-traces, respectively. Thifs(r) only P (1) is plotted in the Fig. 3f after 22:15 UT. There is a

: “jlump” upward (about 40 km) of experimental and calculated
cglqulate_d for the X-trace agrees better W't.h her). A phase paths from 18:00 to 18:15 (18:00 UT is shown by ver-
similar situation was observed for the period from 15:30

) . L tical dotted line in Fig. 3f). At this timeD,; index dropped
to 23:45 UT. The comparison af.(r) with P.(r) exhibits tl)elow—50 ml- in Fig. 30) 1S M, Ihdex dropp
m=14.1km for O-trace angk=5.4 km for X-trace in this in- )

. We can also see large discrepancies between the phase
terval. Thus,P.(¢) calculated for X-trace agrees better with ] .
the experimentaP, (z). The discrepancy betwedh (¢) and path; (up to 40 km)_afte_r 1.8'00 UT. This could mean a prob-
P.(t), observed during the period from 06:45 to 16:00 UT !em In ART|ST. scaling (in |ts.subprograms ARTNH.PC used
could be attributed partially to the presence of gaps on the" A.RTIST to. mvgrt scalc_ad lonogram trace data into N(h)
ionograms just abovéoE between the E and F layers, and proﬂles working in real-time mode and JAVANHPC used

partially to the affinity ofoF2 layer to the working frequency in SAO Explorer) for geomagnetically disturbed ionosphere.

. esults of Chen et al. (1991, 1994) support this sugges-
of the Doppler apparatus. Examples of such ionograms ar%2 . , -
presentedprn Fig?g. Itis well knov[;n that regions of%ecreas— lon. They compared inverted N(h) profiles from digisonde

ing ionisation between the ionospheric layers do not reflecf;:girraer;zor?fg gﬁdzgtz g':lzs)tgtr;io':! v&iﬁ'g;}sz:iia?\e d
the radio waves and the resulting discontinuity leads to un-fr m incoher nt. ’tt r} dar m rements. Th howed
certainty in the true height above the valley region. 0 conerent scatler radar measurements. €y showe

that the probable reason for the occurrence of larger devia-

3.5 Day 69 of 2004 (Fig. 3f) tiqng under the geomagnetic storm conditions is inaccuracy
within the valley model.
This day was one of the geomagnetically disturbed days ( Another example of the geomagnetically disturbed day is

index started to decrease at noon and reached the minimumiay 42 of 2004(Fig. 4b). This strong wintertime storm
value of —71nT at 23:00 UT). To definég, we selected started at about 09:00 UT on day 42 and achieved its maxi-
the time intervals, when only the O-trace was present in themum at 17:00 UT when th®y, index felt down to—109 nT.
vicinity of 3.6 MHz. The X-trace of the ionospheric F2 layer Diurnal courses of the calculated and experimental phase
dominated on the ionograms close to 3.6 MHz from 04:00paths obtained for the stormy day and for the preceding quite
to 05:00 UT. As in the previous castgF2 was less than day of 10 February 2004 (day 41) are plotted in Figs. 4a
3.6 MHz during this period, and we have got no requiredand b. An X-trace was dominant during the night starting
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Fig. 7. Examples of ionograms recorded at Pruhonice observatory at 06:45 UT (left panel) and at 11:00 UT (right panel) for analysed day
117 of 2004, when sporadic E was present. Black line shows the automatically scaled N(h) profile.
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Fig. 8. Examples of the ionograms recorded at Pruhonice observatory during the day 68 of@d04ospheric E-layer and gap between
E and F layersyb) affinity of critical frequency of F layer to the sounding frequency of the Doppler apparatus. Black line shows the
automatically scaled N(h) profile. Time is in UT.

at about 17:00 UT till early morning hours (06:00 UT) dur- to a low quality of Doppler records. Significant differences
ing both 41 and 42 days. During several morning hours ofbetween the bottP.(r) and P.(¢t) phase paths appeared af-
day 41 and late evening hours of both analyzed dal2 ter 15:00 UT whenDy, dropped below-50nT (this time is
was below 3.6 MHz and we have got no ionosondes datashown by vertical dotted line).

Discrepancies betweeP,.(¢) and P, (t) observed within the Day 96 of 2004 (Fig. 4dwas also a disturbed day. A

period from about 07:00 UT to 16:00 UT on day 41 Coumgoderate geomagnetic storm had its onset at about 08:00 UT.

gﬁo?/tglfl?) uéegeisvg; pl)Ere;:e dn?:elgfgrzps_r%g th: I?:?r?;ag?jr]nua etween 17:00 UT and 18:00 UT tl&, became lower than
YErs. 9ap —50nT. The storm culminated near 19:00 UT when ihe

course ofP, () from 08:00 till 15:00 UT on day 42 is due index reached maximum 6f81 nT. Phase paths calculated
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from Doppler and digisonde records for the disturbed day 96case the average daily difference was about 3 km, which is
are compared with those obtained for quiet day 93 in Figs. 4comparable with the height resolution of the digisonde mea-
and d. During both 93 and 96 days the X-trace dominatedsurements. The substantial disagreement betueén and
during the night starting at about 19:00 UT. A sporadic E- P,(¢) is obtained in three cases: (1) presence pldyer,
layer was present on the ionograms during the day 93 from(2) when the sounding frequency is close to the critical fre-
11:00to 12:15 UT. An appearance of the Es could be considguency of ionospheric layer, and (3) during geomagnetic
ered as a cause of difference betwd®(r) and P, (r) within storms (see Figs. 3f, 4b and d). On the other hand, during
this time period. We have got no data till 04:45 UT for the geomagnetically quiet days, absence of the sporadic E layer,
stormy day because of lofoF2. Beginning of the consid- and at availability of high quality ionograms and correct scal-
erable discrepancies between phase paths (up to 37 km) wiag, the electron density profiles, calculated by the Auto-
observed after 18:30 UT under storm conditions. matic Real Time lonogram Scaler with True height algorithm

The fact that ARTIST is not very reliable under certain (ARTIST) on the basis of such ionograms, can be considered
conditions (as any other autoscaling program) is well-knownreliable. Obviously the comparison of experimental and cal-
fact, at least in the European ionosonde community (e.g.culated phase paths can help to test the inversion codes of
Zolesi et al., 2004) in spite of the fact that ARTIST un- electron density profiles.

derwent several times modifications that improved the qual-
ity of its analysis and its network-wide upgrade is under- QCkg%gbgi?gﬂ%”tﬁﬁthgs iCX”OW'ed%ethS“Cpporth t;{y thil,gr‘""‘:t
way (Galkin et al., 2006). For this reason the European 0. ot the rant Agency of the .zech Republic. Au-

ionospheric project COST296 runs database of automaticalI)t/h0rfotlgi‘z‘g:(Eb ;igrra‘%eiﬁi (ZZLttTg;E; lfflic&r:zs::j‘l and another
scaled results (parameters, profiles), and separately databag@qee for their help in evaluating this paper.

of manually checked results (parameters, profiles). Main

problems appear at F1 region heights, maybe as a conse-

qguence of the E-F region valley influence. Our Doppler References
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