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ABSTRACT

The ARTIST software outputs a near real-time set of parameters from the Digisonde 256 at the station
Dourbes. These parameters are organized in monthly tables with the help of the ADEP software and are
recorded in a file. ADEP is also used to manually validate or correct the scaling and output in other files.
For each analysed parameter, and from the comparison of simultaneous determinations, a Kendall
coefficient of concordance is computed and the difference (manual minus automatic) values are divided in
classes to get the related statistical frequencies. Among the analysed parameters, only fmin and h'Es show
less good concordance due partly to frequently missing E-region traces.

1. BUILDING THE DATA BASE

Monitoring of the bottomside ionosphere, by teledetection of the electronic density distribution, is one of the
tasks of the Dourbes ionospheric station.

In routine use since 1984, a Digisonde 256 from Lowell University, USA, fed a computer running the
ARTIST software (Reinisch & Huang,1983) and recording the raw and automatically processed data. The
ARTIST outputs are edited and recorded, without any human intervention, producing the automatic station
monthly parameters reports. Besides this, the ADEP software (Lowell) is used to manually validate, or
correct, the trace and the calculated parameters and then produce the manual station monthly parameters
reports (published and available). The data base encompasses the A files (automatic data) and M files
(manual data).

2. PROCEDURE

For each analysed parameter, one takes the number, m, of manually determined values and the number, a, of
automatically determined values to compare with the possible maximum number of values and get the
respective relative numbers. The comparison is also made between these m and a numbers and the number,
¢, of simultaneous determinations by both methods. From these determinations, the difference between the
“manual” value and the “automatic” one are computed. With this set of differences, one ranks in classes and
computes the statistical frequencies for each class.

Finaly, a non parametric test, the Kendall coefficient of concordance (Siegel 1956), w (0 < w < 1), is
produced from the simultaneous determinations. A high, or significant, value of w may be interpreted as
meaning that avtomatic and manual scaling give essentially the same resull in ranking the N determinations.

3. STATISTICS

The data analysed were from_January 1992 to June 1995 and were divided in half-yearly sets of (92a,
92h....). The following ten parameters were selecied:

frequencies:  foF2 , foF1, foEs, fmin, fminF, MufF2
virtual heights: h'F, h'F2, h'Es
M factor: M3000F2
Other parameters were disregarded due 1o the existence of known biases in the comparison. For example,

the automatic replacement of foE by the predicted value when there is no automatic determination or the fact
that no manual determination of fx1 was made before 1995,

The maximum number for each parameter is 24 times the number of days, or 4344 for the first half of the
year {or 4368 in the case of 1992) and 4416 for the second half of the year. The relative numbers always
refer to these numbers. The total number of hours for the 3.5 years is 30648,

16



= <
o )
[Te) L | IS
@ © e ) =
c o S o .
< A= < = (2} | o |
@ £ £ N 3 ol | = Y .
o : 3 T | B o |os: s
| @ <@
'y c i y— 2 2
£ : o | 2 3 |2 a - &3
S ® R AN\ e =
1 © ,-II O |
o . 5 (gl £ I..l w 8 |ol|l B o & |2 R
5 2 F |3l 2 2L 5 3 g |18
8 s | @ 3 T |9 & - 0% 33
£ w < | @ = £ 5 | @ = 8 &
= [o)] Ee] w % A = - %w
= © D 5 w© N o aY = o
o @ = = (=] S >
£ 8 £l B o g . |8 Bl
" o m o o D ) -
o o Q L o o |~~~
jis [ | = 4 R 2
% ] ol e M~ <
b ] 8 (o2 =}]
@ = o)} P e &
& @ ] o <t
. ¥ T @
© < o O mEm
o © o ,
(Z
<t a |
: o e e
1 see = | o
(o] [ ™ | @
c - < (V8 =]
g e 2 2 n
o~ v64 E = 2 (o] | O o = =
S ol - g | % &
= of £ 3 s | = - 28]
.m vee = = © " 2 FH s o |
i < =] @ ‘S w |G o
s g5 Ei - o |@ c 0o | @ ®© |
2 9|2 < @ T Q ] o w =B I
8 ed 3| = 2 |28 5 8 = =
E = S |5|| & 3 R ¥
2 g8y £ 1 o 2 8 7 &
g6 2 IIIITITHIHIHM s}y 2 S| o &
] ge] O @ oo
2 gl & ¥ G - S| 2 “ 1832
2 B
© a o o | = E O
o 9 [E| 8 HETEIHITHTI . & o T B §
: g S ] - > 88
| © o a5l
zee B ///////%///% K ¥ A
] o 9|
2 )
o |
- 2 8 ¢ 8 2
o o o

abejuaosad

Fig.1b M3000 data

Fig.1a foF2 data
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Fig.2b hpF2 data

f
| 4 | o
(o] | o~
g a1995 7 Rl
i) , o _3
< c © s 7 = _W
} 3 g E b1994 ° o & '
B " g 28| R
&= 3 2 = { 21994 - &) o = 7@\ =3
i @© = ..m N b ~N E |
=] © - - o x 3 57
@ » B|EIl 2 2" @ S 23R
™ 3
3 g L8]] 3 s Y broes 2 | g S 18-
- ll.. ® | © (82 &2
5 2 217 5 18l | 8 8335
z g o 2 a1993 = g e 2
P @ s X = o on/_u (o))
& A 8 | g T |22
2 ” LN
S 8 E|| 8 AR V////////% L 3 g |z%
o (&) = nla " 09 mo
] © [ o o
o = 2
8 — E MINNN. s & | 8 o3
, , ¥ , W s ®
™ n o w0 ] a8 o m % m m m = 2
@ & 2 =g ¥ g i abejuaosad
k <
////%/////////W////////////é a1995 p e
[=} . .l | o
; e &2
c @ 1 i e
" g = DL P14 — | = =
g a|| E - = gl E | 8
& o] 2 S| 5 | s (&8
i 2 = DI 21994 1= = 7 8 8
S 5| 8 . |2 | ® SEow
. 51l 3 |y §m o "TE|g g
3 R, SRR o1998 = 1gl | 8 o wlzm
= - 3 { a1993 ~ | T S S 8|2 T
[}] ] ‘o m o 0 0o N ©
o & = x 9 ad | & = |
= 2 = S - : ot
o g @ b1egz LS o ? 2 2
-] o Q >
o« : = s S Rallad
3 a1992 & < 2 F
S 9 K &
>4 : = et
o © o o o o S
n < ® « - %
abejuaosad | n

18

Fig.2a fmnF data




Numbers (Automatic)

4500 -

f s34 s3\y
Wl 530} _ s30)
L

Y
140} e 140}
<t
[0}
()]
a
i L]
\\\\\\.&\\\\\\\\. ¢dud 3 ¢4
S )
©
B —
} zdo00e4nN | T il ) 24000€4NIN
- o 2 Y
0 (]
m =
o
& 0 1) 1] )
} 24000EW & P ] % 24000
QL - o R
7 E
-
M =
T ¢40} = A 7 <40}
AR - Y
, (Y]
(=]
B (o]
i QUL 44 © 7 00, 7 Ju
A L S
I |
UL y Julu) QR 7 dul)
A/\\////////// Rk
i I uIwyj uiw
ML e i i L R
i 4 i @6
1

o L) o (=] (=] o o o o o o o o o (=) o (@] o o

(=) o o o o (=] (=] o (=) (=] o o o o o o o

o wn o wn o w o wn w (=] T9) (=] w o n (@] wn

<+ 5] @ al Y - - < < ™ 5] o ™ - -

|

determinations for 3 years

)

ma1992 %b1992 mai993 =b1993 [1a1994 mb1994

19

top) and manual (bottom

(

|

Fig.3 Numbers of automatic



Numbers (comparison)

D000

Wz

//////// //7///////////%//./7//////
| —

V2% \\
RN

Qi
R R R R R

\\ Qi
////////////////

7

TRk
IR P e e

___ =
\\\\\\\\\ G M\_
SRR ////;7//////////%/

//////////V///

.=__= _______=_==__=_______________________________________=========_=_
A \\\\\
//////////////////////////////////// ///////

,z////

TITIII]
\\\\\\A&\E \\\\\\\\\\\\\\\\\\\ \\\\\\\\FA\L\\\\
R Y ////////////////////////A

=_=_______=_=____________“_____.___“__lr________________=
=_____=_ )

_:________________
L

§ ,

NN //V/////////////////////////////ﬂ//////////%/////m

4500

4000 A

o

3500 -
3000
2500
2000 -
1500 +
1000 ~
500 +

s3ay

I s30,

L1404

¢4

¢4000€4NIN

¢d4000EN

240}

44

Juuy

unwy

|Ma1992 #b1992 §a1993 5b1993 Ha1994 Mb1994 |

Relative numbers /30648

i

M T

\\\\\\\\\\\\\\\\\\\\\
Al lh R

A\
| I

&\\\\\\\\\
////////////

i \\\§
y////////////////////////////////////%/////////// AN

\\\\\\\\\\\\\\\\\\\\\\\\\

N
e R

A

\\\\\\\\\\\\\\\ neiiiiiitl
/////////////////////// NN

Q77 §
/////%///////////////////////%//////////////// /// A\

iy §\\\\\\\\\\\\\\§§
,///////////////////7//////////%/ T IR

\\\\\\\\\\\\\\\\\\\\\\ i \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\b\\ v
A ///////%//%,///////////////////

V7
—/// NN

s34

s30}

149}

¢4\

¢4000€4N

¢4000EW

¢do}

44

Juwy

ulwy

|
n

|

Fig.4 Numbers of comparisons (top) and relative numbers for all the data (bottom)

nu Zauto Ncomp mKccor

[ Mmanu ¢

20



Power failure, ionospheric situation, breakdown or loss of data reduce the number of data especially for the
1st half-year of the year 1992. The main features are reviewed hereafter for some of the parameters.

3.1 foF2: (fig.1a)

The top graph shows the relative numbers of simultaneous (rnberc), automatic (rnbera) and manual (rnberm)
determinations. During the first half of 1992 there were some automatic data losses. Let us point out that
the old version of ARTIST needs a 2 MHz range (20 points) to work and that noise could suppress the trace
for several successive frequencies so that some automatic determinations are missing.

The middle graph displays the Kendall coefficient, w, for the automatic versus manual ratio and is excellent
(over 0.99).

The bottom graph reveals that the differences (in MHz) of the values (manual minus automatic) are small.
These differences are ranked in 9 classes for each half-year. Almost 50% of them are within +0.05 MHz.
The accumulative sum of percentages for the classes have a half-year label (a94(97%) means that 97% of all
the differences for this half-year, for 1994, fell within +0.45).

3.2 M3000 : (fig-1b)

The same type of graphs are displayed with a change of the left scale (from 0 to 1). Note the slightly higher
values of the dispersion of the differences (in units) which still lies within £0.45.

3.3 fminF : (fig.2a)

The results are very good, with the appearance of a more asymetrical dispersion. This could be due to the
fact that ARTIST may sometimes use the double Es echoes.

3.4 hpF2: (fig.2b)
This is an example of virtual height data. There is a low dispersion of the differences but the routine
resolution is 5 km for one bin.

3.5 All parameters analysed : (fig 3a,3b,4a and 4b)

The first three figures (Figs. 3a, 3b, and 4a) are plotted for the years 1992, 1993 and 1994. The last figure
(Fig. 4b) also includes the first half of the year of 1995. One sees some seasonal behavior although it is less
prononced for manual data.

4. CONCLUSIONS

(1) For foF2, foFl, foEs, h’F, h’F2, fminF, M3000F and MUf3000F there is no statistical difference
between manual and automatic ARTIST scaling for the Dourbes data. The Kce is over 0.99 for foF2
and MUf3000F during the 7 half-years analysed. This also means profile determination in the F
region starts on good basis.

(ii) For fmin and h’Es one must be circumspect. The contribution of fminE in fmin is not the same for
automatic and manual determination. Noise may confuse the determination of h’Es.

(iii) For the analysis of special ionospheric situations, it is always worthwhile to look at the ionograms.

(iv) More time should be devoted to employ other statistical procedures to compare the data, but when
looking at the details one may raise the question: is the machine or the human be right?
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