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IONOGRAM SEQUENCE. Es TYPES CHANGING IN TIME
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IONOGRAM SEQUENCE WITH THE CHANGE OF PARTICLE E INTO E LAYER
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FLIZ PHENOMENON AT HIGH LATITUDES, WINTER
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TONOGRAM SEQUENCE SHOWING FLIZ PHENOMENON, WINTER
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IONOGRAM SEQUENCE IN DAY SECTOR OF AURORAL OVAL, MAGNETICALLY QUIET PERIOD, SUMMER
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IONOGRAM SEQUENCE IN DAY SECTOR OF AURORAL OVAL, MAGNETICALLY DISTURBED PERIOD, SUMMER
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SECTION 2, SCANDINAVIAN AND GREENLAND STATIONS
Part A. Scandinavian Stations
Kiruna, Sodankyla, Lycksele and Uppsala

Preface

This contribution gives examples of ionograms in the Scandinavian longitude sector. Some normal
ionograms from Uppsala are shown although this is not within the "supplement Tatitudes". The station
is, however, important when high latitude ionospheric phenomena are mapped.

The interpretation of high latitude ionograms is difficult and, because this selection consists
mainly of difficult and special phenomena, it is possible and even probable that in some cases a wrong
interpretation is given. Some examples are given for Sodankyla showing the effects of different types
of recording (high gain, effect of differentiation, etc.) which may help readers to recognize similar
phenomena at different stations. The selection and notes have been prepared by Dr. T. Turunen and
shortened by the Editor. In view of the difficulty of the many ionograms shown, the Editor has added notes.

Data from Uppsala were provided by Dr. Ake Hedberg, from Lycksele by Mr. Oueklang, from Sodankyla
by Dr. T. Turunen and from Kiruna by Rune Lindquist,

2A.1  KIRUNA

Vertical Incidence Sounding Station

Operation began at this station October 1948 under the auspices of the Chalmers University of
Technology, Gothenburg, and ceased September 1955. Starting with February 1956, the station reopened
and has been operated by the Research Institute of National Defence, Dept. 3, Stockholm, Sweden.
Responsible authority and mailing address:

RESEARCH INSTITUTE OF NATIONAL DEFENCE
Section 346
S-10450 Stockholm 80, Sweden

Station Name: Kiruna

Geographic coordinates: Lat. N 67.8° E Long. 20.4°
Geomagnetic coordinates: Lat. N 65.2° E Long. 115.7°
Magnetic Tatitude: 65°

Magnetic dip: 77°

Time used: 15°E (UT + 1 hour)

Frequency range: 0.6-15.0 MHz in 1 band

Sweep time: 30 sec.

Approximate peak power: 16 kW

Pulse repetition rate: 50 Hz

Pulse Tlength: 50 usec '
Aerial type: Delta and special Rhombic

Routine sounding: Half-hourly, centered on each half-hour
Height -range: 800 km in 50 km intervals

Height scale: Linear

Frequency scale: Approximately logarithmic

There is a frequency marker on the ionogram for each MHz of the range. Nominal frequency difference
of x- and o-components: 0,7 MHz. Ionograms are recorded on 16 mm film,

Most of the ionospheric data are published in FA-series booklets of U.S. Department of Commerce.
Terminology conforms with that recommended in the URSI Handbook of Ionogram Interpretation and
Reduction, Second Edition, edited by W. R. Piggott and K. Rawer, Report UAG-23, World Data Center A
for Solar-Terrestrial Physics, U. S, Department of Commerce, NOAA, November 1972,
Editor's Notes: This station departs from normal practice in that the normal gain used
is the highest available., The gain runs are therefore normal, minus 20 dB and minus 30 dB.
The normal gain is often slightly too high for optimum analysis.
Comments on the ionograms have been added by the Editor.

Many additional ionograms have had to be left out due to Tack of space, but will be used
in discussions in the INAG Bulletin.
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KIRUNA SWEDEN

KIRUNA SWEDEN
1973 APg 13

fmin ... 014 foFl ... h'Es ... 120
2101 15°E foEs ... 063JA| foF2 ... Al WE ...

fbEs ... 063AA| fzF2 ... hE2 an

foE ... 1 - lay R'FL e

foE2 . M(3000)F2 A h'F2 ...

Es type a

KIRUNA - Typical Auroral - Es 1973 Apr. 13 2100-2101 LT (15°E)

RN ] Alhwll
KIRUNA SN£DEN dB RED

_mi‘l
K}RUNA SHEDEN 1973 ocg 2,

§1073 ocT 27 DA
2050 15 AN

ERERR T UL R R
TEREERIE T 1CoTEE d
Hairiimlm‘*ﬂ‘m
P 1) R DAY - - DO
i4ﬂ Pl SRS A R m
RERRRANIE | tL USRI T =
EERAE i_limnn W0 S
EERETE T o sk
I B RS ._...;lilﬂtlﬁill o il 100
SRR T IO TR Il{

1 2 3 4 567 9 11 MHz

fmin ... 016 foFl ... h'Es ... 110
foEs ... 040JA| foF2 ... A h'E o«

fbEs ... 040J0A| fzF2 ... h'E2 ..

foE ... Al s A h'F1 ..

foE2 ... M(3000)F2 A h'F2 ...

Es type a

KIRUNA - Es Type a (Sloping Type) 1973 Oct. 27 2030-2031 LT (15°E)

Fig. 2.4 KIRUNA - Es Type a
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KIRUNA SWEDEN pusils 8 () d ¢4 s 110
1973 0C 22 a;m.l';;.m I84 FULL GAIN

fmin ... 006 FOFL e h'Es ...
foEs ... 040-K| fof2 ... G W3t
fbEs ... 035AA| fzF2 ... W B2 55
foE ... 400-K I G hEFL <is
foE2 s M(3000)F2 G h'F2 ...
Es type k3

KIRUNA - Particle E - Es-k 1973 Oct. 22 1900-1901 LT (15°E)

Editor's Note: The low gain shows foE clearly so this is Es-k.

confirm either foE or h'E.

| KIRUNA SWEDEN WSHAFULL GAT
1974 ApriL 18 EDNNBENREEH - 141 | Snmm

1730 15°E i

Vbbb 14 s ok

SR PR B 195 |- i3 i Lk 4200
it A ey 8 SR abid b o Wi
T TR 1 T

st mmaiasads
2 3 4 5 67

9 11 MHz

[KIRUNA SWEDEN 30 dB RED
1974 APRIL 18

1731 15%E

TKIRUNA SWEDEN 1898 20 dB RED
11974 aeriL 12 N S D

1730 15%E

fmin ... O05EE| foF1 ...

foEs ... 045-K| foF2 ... G

fbEs ... 045-K| fzF2 ...

foE ... 450-K] fxI ... G

FOE2! s M(3000)F2 G| h'F2 ...
Es type k3

KIRUNA - Es Type k -- Particle E 1974 Apr, 18 1730-1731 LT (15°E)

Fig. 2.5 KIRUNA - Particle E (Es-k)
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Layer 1is not horizontal so higher orders do not



KIRUNA SWEDEN [SSSNSNSSNN 70 dB RED

1973 Jul 6

0330 15°E

KIRUNA SWEDEN

= >

1973 JU}, 6
0331 15 E , fmin ... OOSEE| foFl ... A| h'Es ... 105F
fofs ... O850A| foF2 ... 048 h'E ...
fbEs ... 040 | fzF2 ... h'E2 ...
foE ... Al fxI ... 055X | h'Fl ...
foE2 - M(3000) F2 h'F2 ...

Es type f3 alj

KIRUNA - Flat Es with Scatter Above It 1973 Jul. 6 0330-0331 LT (15°E)

Editor's Note: Main Es is f3. Question is whether scatter sufficient to justify "a" entry also.
Borderline case but pattern sufficiently 1ike "a" to make entry f3, al. Should use h'Es = 105-F.

I K1euiA svroen 1IMBOERIE B 5 07 T WETRUNA SHEDEN I
§1971 Dec 17 JMUSHENE B | N wwwudl ho7 Deg 17 EERET S
1 e EH H DN R & F 12300 RS
IIIIItiIIIIIIIIIllIIIlIIlIlIIlli 'Jllllllll B BT T
L T 1 L BN VSR ey T e ey
| EEERE NI E . . ETERD BT
0O 1T e ] R TN 26 BN
| R . T ) O
i T
b 04 L
TR L T T R
- e - e R T
e v Wid e HH llIIIllIIIIIIlllllllqglllll
. = i 3
I R ‘et i e 7 8 Y e l__lllllllllllllllll
1 2 3 4 %5 6 7 9 1
T¥IRUNA Swzoen DR ) ; c» H
11971 Deg 17 :
2332 15°F
= fmin ... 012 fofl ... h'Es ... 110
- foEs ... 113JA| foF2 ... A h'E | s
z fbEs ... O80AA| fzF2 ... h'E2 ...
foE ... fxI h'F1 ...
¥ foE2 ... M(BDDD)FZ A h'F2 ...
= i Es type a
L RS 3
-Il!nr:... -
' 1
I--lllnnmullu

KIRUNA - Complex Es-a,f Pattern 1971 Dec. 17 2331-2332 LT (15°E)

Editor's Note: The F trace is blanketed which suggests not purely an Es-a. Second order present
confirms this. Best interpretation probably a,f2. Second order suggests fbEs about OBOAA.

Fig. 2.6 KIRUNA - Es Types a and f
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AR B
AR R

RS B L
S pasag IM_“ « R

¥
b baith 4 BRI 200
LR e ey R T
- Pt B SRR e A BRI | 100
Lokl 3y §§:._.I_H,-e\u'!e i-*' " -
Tt [
1 2 3 4 567 9 11MHz
-+ —
KIRUNA SWEDEN
1974 JAN 21
23a); 1o £ fmi 010ES| foF1
min ... ofl ... h'Es ... 110 K
30 dB RED foEs ... 022 .| foF2 ... '020UF| W'E ... 110k
fbEs ... 015 K| fzF2 .,. 1 7
“ foE ... 150 K] FxI .., 029 h'F1 .., 325 H
W ree L e sl BN L P
_ Es type a k fml 019
s e e
i
KIRUNA - Es Types k and a 1974 Jan. 21 2330-2331 LT (15°E)
Editor's Note: The Es-a structure is seen at oblique incidence (fbEs from F = foEs-K from E)
but fbEs on "a" trace smaller, Gain change Teaves main "a" still visible and confirms
Es=k not r. Strict application of type rules is k,a as foEs measured on k trace, but this is
clear from the Es entry so a,k as written preferable. Rule needs clarification at Lima. The foF2
trace is weak and no scatter seen on it. Hence strictly fxI =029-X. o trace shows strong
scatter so more useful alternative 0320B.
KIRUNA SWEDEN W% iBIRAASIR 48 =i —wa Ty KIRUNA_SWEDEN B, RED|
1973 DEG 6 g = 973 DEC 6 L RD f
KIRUNA SWEDEN 30 db ReD B
" Bl fmin ... 015 | fofl ... h'ES .o 105
foEs ... 1100A| foF2 ... HEE = 4oe
fbEs ... 033-K| fzF2 ... hiE2i...
FOb, ‘L 330<k] FxI s hiEL ke G
foE2 ... M(3000)F2 N E2Y
Es type a k2

KIRUNA - Es Types k and a 1973 Dec. 6 2230-2231 LT (15°E)

Editor's Note:
E trace.
very gain sensitive with r, not k.

Es-a does not blanket as it is oblique.

-i1EIE S0 BREEIE
7% U SRR 237 1
31 B B

1974 dap 21

fbEs therefore given by particle
Low gain record shows good echo to foE so not an r trace.
G is better than A when blanketing by particle E (Es-k).

Retardation at cusp

Fig. 2.7 Kiruna - Es Type k and a
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A SHEDENIN e 'KIRUNA SWEDEN
E;sl;gl;}{nec 24 [ . 1967 DEC 24

1000 15°E 1 ah 1000 15°E

1 2 3 4 567 9 1 MHz

KIRUNA SWEDEN
1967 DEG 24 : .
1000 15 |

fmin ... 007 foFl s h'Es ... 115K
foEs ... 0l14UK| foF2 ... 052 F h'E ... 115K
fbEs ... 014UK| fzF2 ... h'E2

foE " con TAOUK | L FXT 7 pows 107D h'Fl ... 235Q
fOE2 ... M(3000)F2 F h'F2 .

Es type k fml ... 052

KIRUNA - Particle E (Es-k) - Range and Frequency Spread 1967 Dec. 24 1000 LT (15°E)

Editor's Note: foE must be less than 160 (150 if x trace extrapolated) and greater than 120.
It is just allowed to use U, alternately the same information could be given by foEs = 120DK,
fbEs = 160EK, or foE = 140UK.

kiruNA swenen IEVBON ki -, ool
1974 JUL 2 1R

RUNA SWEDEN B 20 dB RED

-

- —

1 2 3 4 567 9 11MHz

fmin ... O05EE| foF1 .., 330 h'Es

v 100
foEs ..., 033JA| foF2 .., 041 F | n'E ... iDUUA
fbEs ... 017 | fzF2 ... h'E2 ...

foE ... 220 H| fxI ... 054 h'F1 ,.. 230
foE2 ... M(3000)F2 F| h'F2... 370
Es type 2 fml ... 040

KIRUNA - Es - Type & 1974 Jul, 2 0330-0331 LT (15°E)

Editor's Note: An unusually dense Es-£ trace.

Fig. 2.8 KIRUNA - Es Types k and 2
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3 4 567

KIRUNA SWEDEN 3 g5 M , . ..

1973 OCT 19
1600 'ISEE n 1

KIRUNA - Clarification of Interpretation by Gain Runs 1973 Oct. 19 1600-1601 LT (15°F)

Editor's Note:
Main Es pattern also confirmed as type Es-a.

KIRUNA SWeDEN W
1960 MAR 28
1100 15°F

KIRUNA SWEDEN
1960 MAR 28
1101 15°E

foF2 is sufficiently well defined on low and

KIRUNA - Equinox Showing Traveling Disturbance Effects

1960 Mar. 23 1100-1101 LT (15°F)

Fig. 2.9 KIRUNA - Clarification of Interpretation by Gain Runs;
Equinox Showing Traveling Disturbance Effects
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foEs ... 023JA| foF2 ... 021UF HAE " A
fbEs ... 015 fzF2 ... hitE2gs.
foF “.i. Al fxI ... 031 h'EL| 52325 A
foE2 ... M(3000)F2 F hYF2: S
Es type a fmI ... 017
medium gain records to be given unqualified.
Another example of the help one has when making gain runs.
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fbEs ... 030EG| fzF2 .,. R E2Y N
TOE .- 300 2l gwe 130X h'Fl ... 235H
foE2' 2% M(3000)F2 h'F2 ... L
Es type
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KIRUNA - Time Sequence in Disturbed Period 1973 Apr. 14-15 1900-0100 LT (15°E)

Editor's Note: Sequence on disturbed period showing particle E (Es-k) and auroral Es (Es-a).

F layer shows rapid changes with much tilting.
overlap with Es trace is not significant.
of Es trace suggests also Es-k with foE =

Note at 2330 LT F layer severely tilted so that
Retarded trace at 200 km, sequence and cleanness
280UK (U to show doubt in interpretation).

Fig. 2.10
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Fig. 2.11 (continued next sheet)
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Fig. 2.11 (continued next sheet)

45




KIRUNA SWEDEN
foz Jup 7
1700 15°E

WPV tmmeemenn 1t BB B 2 )
L I:H:Nt:l..g‘m';{-

1 2 3 4 567 9 11 MHz
KIRUNA SWEDEN

H1973 uy 7
1700 15°F

WRIRUNA SWEDEN WRNP™T? . 28 WL HE-.

T
HEaLE E'af;.m
) K

=
-
9
x=
—
=

el
W |
i st
] !

13
EEZEEEE

=
3

e
S e e

i bk 200

H
&

Ses

Pp—— ! i
[ . 1 S N s - L
ERRE e 2 AT
L T T T 111

1 2 3 4 567 9 11 MHz

B KIRUNA SHEDENM
20 dB RED

KIRUNA SWEDEN B
fio72 Jup 7
1730 15°E

KIRUNA  SHEDEN H SR RT T T
l1973 aun 7 301 4 o s
11830 159 o a4l T

ST st Y
adiaiEls
AN Wt
LTS R 1S
m-m:ﬂt i i':fl' ;Y
.u.; e il Aok,

ﬁ'--znniniiii!iﬂﬂ,l

KIRUNA SWEDEN
1973 Juk 7
1830 15~ E

Fig. 2.11 (continued next sheet)



TR ey IR # pidt 4 1 e
I fgl??”ﬁugw;fm B -
1900 157 OO & 4 R
b ek e R
o
L S E
ARNEE * b | iksal
Vo g b 14 il
mplidthd od b {140 i
i )
e T R

_ T LIRS} LY

i 2 =iy 5 7 9
ﬁ———-ﬁ---nnnn‘i
1 2 3 4 567 9 11 MHz

KIRUNA SWEDEN
biors Uy 7
1900 15°F

Fig. 2.11

KIRUNA - F2 and Es Changes on Summer Day 1973 Jun. 7 1300-1900 LT (15°E)

i i i d with receiver operating at
Editor's Note: Shows recordings made at half-hour 1nterva_1s an LT,
no:‘mal gain and attenuated 20 dB. MNote a violent change in F1 layer between 1500 and 1530
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2A.2  SODANKYLA

Tonospheric Vertical Sounding Station

This station has been in operation since August 1957. The Observer-in-charge is Dr, Tauno Turunen,
and the station mailing address is:

GEOPHYSICAL OBSERVATORY
SF-99600
Sodankyld, Finland

Station name: Sodankyld
Geographic coordinates: Lat., N 67°22" E Long. 26°38'
Geomagnetic (dipole) coordinates: Lat. N 63.8° E Long. 120.0°
Geomagnetic coordinates:
(corrected) Lat. N 63.4° E Long. 108.9°
Magnetic latitude: 63.59°
Geomagnetic dip: 76.7°
Time Used: 30°E (UT + 2 hours)
Frequency range: 1.0 - 16.0 MHz, in 8 bands
Sweep time: 8 min
Peak power: 10 kW
Pulse repetition rate: 50 Hz
Pulse length: 100 psec
Aerial types: 3 rhombics, antenna change at 2.8 and 5.6 MHz
) TR-switch, height of mast 64 meters
Routine sounding: half-hourly, centered at 2.8 MHz passage

(on RWD every 10 minutes)
recording on 35 mm film

Height range: 900 km
Height scale: linear, height markers every 50 km
Frequency scale: logarithmic, frequency markers every 0.5 MHz

Fo? terminology used, see URSI Handbook of Ionogram Interpretation and Reduction, Second Edition,
edited by W. R. Piggott and K. Rawer, Report UAG-23, November 1972, World Data Center A for
Solar-Terrestrial Physics, (U. S. Dept. of Commerce, Boulder, Colorado 80302, USA).

Sodankyla Ionograms with Gain Curve and Integration

Editor's Note: As Sodankyld ionograms will differ significantly from standard ones and include

a gain curve, an explanation by Dr. T. Turunen is included. The technique described has con-
siderable advantages at high latitude stations. The method of recording at several gains makes

the traces look fuzzy in reproduction. A number of comparable ionograms taken with different
ionosonde characteristics are also shown in Figures 2.12 through 2.16. Note in some cases the
ionogram is recorded simultaneously on two different jonosondes, in others in close sequence on one.

These ionograms are included not only for scaling examples, but also to show how my best possible
ionograms look. The integration time constant is roughly equivalent to integration over 100 echoes.
There are 100 channels and the channel width is 40 pusec. When the gain curve is not at constant level
but shows more or less continuous shift downwards with increasing frequency, it means that the dynamic
range of echoes at that frequency is 26 dB and the discriminators are showing the levels -6, -16, and
-26 dB. (The density changes showing these have not reproduced clearly.) After the frequency at which
the ionosonde starts to use fixed gain (gain curve remains at constant level), the amplitudes are
measured relative to the echo amplitude at the frequency where the gain was locked at constant level.
Usually this Tocking happens a 1ittle before foF2, but it can happen sometimes around any other critical
frequency, or in the case of total blanketing, at the frequency where the real blanketing frequency
is approximately. The criteria by which the gain is locked is that the echo amplitude decreases rapidly
with increasing frequency by an amount which is greater than the range of normal fading. The gain
which is used after Tocking is roughly the median gain which was used at some hundred kilohertz of
frequency sweep just before the Tocking command. In this kind of system there are, of course, some
approximations but the system works surprisingly well, is technically straightforward and fairly simple.
The approximate component cost of the gain control unit is $20.00 (plus the mechanical parts, cables,
connectors, etc.).

One can use the ionosonde to give a very good absorption measurement by using the gain curve,
It is, however, more important that one really knows the dynamic range of thg echoes_and the ampli-
tude at the frequency where the value for the gain sensitive parameters is given. This system could
work with all conventional ionosondes except the types where the frequency sweep 1s_vefy fagt. I do
not, however, claim that it is the best possibility, but in any case it works, and it is quite cheap
and is physically correct. No technical failures occurred during the one year testing period.

Data from Sodankyld will be based on this gain control system beginning with the 1.4.74 (1 April

1974) data.
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(a)

(b)

Influence of Ionosonde Parameters on Interpretation of Ionograms

SODANKYLA 20.6.1973 20.40LT

very high gain, differentiation auroral type Es
T —
i —km
= L -400
4444447%#Aggggggﬁﬁmuilggiiﬂaﬂéﬁﬁ* -
-—.‘————A—j_.—;———-—fe-E-sp—————
4o 4 -
=5 > e T
Lt e . : St —=100
‘ " ! " 1l A e )7 T e
1 2 3 4 5 6 MHz
low gain, no differentiation high type Es
Fig. 2.12

SODANKYLA - Sporadic E Layer
20,6.1973 (20 June 1973) 2040 LT (30°E)

In the first ionogram (a) of 20.6.1973, 20.40 LT, an auroral type
sporadic E (Es-a) is seen and the marks indicating foEs and fbEs values
are also shown in the example.

The second ionogram (b) of 20.6,1973, 20.40 LT, has an Es which is not
an auroral type Es, but a high type Es. The cusp between E layer and
Es is not well-developed but it exists, and the virtual height of the
Es is about 20 km higher than the virtual height of the E Tayer

(which has small cusp activity at 1.2 MHz). The frequency parameters
are quite straightforward to scale and the accuracy is better than

0.2 MHz. The virtual height is also easy to scale. The real dif-
ficulty is that these two ionograms are simultaneous and measured by
using the same transmitted pulses. In ionogram (a) the gain is very
high with rapid differentiation favoring steep gradients in the echoes
while in ionogram (b) low fixed gain is used and only the strongest
echoes are seen. s



SODANKYLA

28.1.1974

10.46 LT

Echo amplitude controlled
AGC

Integration

Dynamic range of the
echoes 30 dB

10.53 LT

Noise controlled AGC

Rapid differentiation

11.00LT
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Editor's Note: These ionograms illustrate a very common difficulty when the gain has been set too high --

the most common operating fault.

As I have already informed INAG, these echoes are seen by using extremely high gain about once per day in
summer time.

The scatter above foE resembles Es-a. In my opinion, Es-a is often a similar but stronger scatter connected
with the particle E. The layers at 100 km which look 1ike Es-% are not Es at all. They are really weak
scatter or perhaps it is better to say gradient reflection, although one must remember that this "layer"
seen on the film is only the lower boundary of scattered echoes. 1In 23.7.1973 the "foE scatter" is so
strong that an inexperienced scaler could believe that blanketing Es is present because echoes disappear.

It is however only an effect caused by saturation of the receiver, There is no Es-f as can be seen from
the Tow gain ionogram which is exactly simultaneous and made by using the same transmitted pulses.

The z-component groups are very nice phenomena. Sometimes there are more than ten multiples in the group.
The phenomenon never causes scaling difficulties.
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