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FLIZ

tisting of lonogram Figures (continued)

STATION TYPE LT
USSR STATIONS (continued)
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Heiss Es-r 1245
Dixon Es~r 0345
Mirny Es-¢C 1945
Heiss Es-4 2045

Ionogram Sequence With Es Type Changing in Time
raky v ks oa,k; r;oa,k; a,k; a,k:

Dixon 1800-1930
ry vy or-ky ks ks ors ks ks ks ke

Dixon 0605-0755
k3 ks ks ki ki k; kinormal E:

Dixon 0400-053G

Spread F Classifications:

1970
1970
1969
1970
1970

1370

1970

1970

1970
1970
1969
1970
1970
1970

1970
1970
1970
1970
1970
1970
1970

Vostok p 0915
Mirny Q 2345
Dixon Q 0445
Mirny F 1215
Heiss F 1800
Heiss F 1845
Phenomenon, Winter - "Thick" F2-layer, "Thin" F2-layer:
Vostok 0955
Vostok 1400
Mirny 1600
Mirny 1255
Mirny 2305
Mirny 0155
Heiss 1845
Heiss 2230

Ionogram Sequence Showing FLIZ Phenomenon; Winter:

Heiss 1915-2005
Vostok 1905-2055

Ionogram Sequence Auroral Oval
Magnetically Quiet Peried, Night Sector:

Bixon 0345-0645
Magnetically Disturbed Period, Night Sector:

Dixon 0530-0930
Magnetically Quiet Period, Day Sector:

Vostok 1905-2015
Maghetica]?y Disturbed Period, Day Sector:

Vostok 1745-1830

1970

1970
1970

1969

1969

1970

1870

DATE

Jan.
Jan.,
Jan.
Jan.
July

Jan.

Jan.

July

June
dune
Jan.
June
July
Jan.

June
June
June
June
Jan.
Jan

Jan,
Jan.

Jan.
June

Jan.

Jan,

Jan.

dan.

WO W

25
28

21
28

28
23
24
29

16
16

16
27

24

22

24

F1G.

1.47a-h

1.48a-j

1.4%-h

.50
.51
.52
.53
.54
.55

e b e ek

.56
.57
.58
.59
.60
.61
B2
.63

Pk b b 3 e pd b

1.66a-1

1.67a~1

1.68a~f

1.69a~f

PAGE

20
20
20
20
20

21

22

24
24
24
24
24
24

25
25
25
25
25
25
26
26

26
27

28

29

30

31




Listing of lonogram Figures (continued}

TYPE LT DATE FIG. PAGE

SCANDINAVIAN STATICRS
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Spread Es-h 1400-1600 1973 Apr. 14 2.38 77



Listing of Ionogram Figures {continued)

TYPE LT
SCANDINAVIAN STATIONS {continued)
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Listing of Ionogram Figures (continued)
TYPE
CHURCHILL STATION (continued)
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Listing of lonogram Fiqures (continued)

TYPE LT DATE FIG, PAGE

CASEY ({continued)

Polar Spur 1800 1972 May 2 5.17 155
Summer, No Spread 2245 1973 Dec. & 5.18 156
Es-2 0845 1972 Dec. 13 5.19 157
Replacement Letter "A" 2200 1973 Dec. 6 5,20 158
Small Tilts, Use of Descriptive Letter H 1415 1973 Qct., 2 5.21 159
Daytime Summer Ionogram , with Spread 1701 1973 Dec. 3 5.22 160
Winter Spread F 1001 1973 June 19 5.23 161
Winter Spread F 1800 1973 June 18 5.24 162
Es-a 0101 1972 Mar. 21 5.25 163
Lacuna 1145-1301 1973 0ct. 2 5.26 164
Use of Letter “"G" for fof2 0830-0930 1973 Oct. 17 5.27 165
TID of Particle E 1401-1445 1973 Dec. 3 5.28 166
TERRE ADELIE (DUMONT D'URVILLE)
Quiet Summer Day 1101 1972 Jdan., 3 6.1 169
Quiet Summer Night 0015 1971 Dec. 31 6.2 169
Quiet Winter Day 1215 1971 June 25 6.3 170
GQuiet Winter Night 2315 1971 June 25 6.4 170
Quiet Equinox Day 1215 1971 Mar. 20 6.5 171
Quiet Ecuinox Night 2230 1971 Mar. 19 6.6 171
MAWSON STATION
Quiet Summer Day . 1101 1972 Jan. 1 7.1 173
Quiet Summer Night 0230 1971 Dec. 29 7.2 174
Quiet Summer Night 2100 1971 Dec. 27 7.3 175
Quiet Winter Day 1301 1972 July 2 7.4 176
Guiet Winter Night 2201 1972 June 23 7.5 177
Quiet Day 1001 1971 Oct. 23 7.6 178
Es-a,s 0030 1971 Oct. 24 7.7 179
BYRD STATION
Es Sequence 2300-0501 1966 Apr. 17-18 8.1 182
SYOWA STATION
Daytime Ionogram in Winter 1145 1972 Juty 13 5.1 187
Nighttime Ionogram in Winter 2015 1972 Oct. 16 9.2 187
Daytime Ionegram in Summer 1160 1973 Jan. 17 9.3 188
Nighttime lorogram in Summer 2200 1973 Jan. 18 9.4 188
Daytime Ienogram in Spring 1115 1972 Oct. 12 9.5 189
Reflection from Tilted Layer 1045 1972 Qct. 27 9.6 189
Frequency Spread 2130 1972 Oct. 26 9.7 190
Spread Es-a 0045 1972 July 4 9.8 190
Frequency Spread 0515 9173 Jan. 3 9.9 191
Frequency Spread 1400 1972 July 11 9.10 191
Es-r and Spread ¥ 0245 1973 Feb. 7 9.11 192
Es~s 1800 1972 Dec. 13 9,12 192
Particle E and Spread F 0200 1973 Feb. 7 9.13 193
Particle E and Es-s 2230 1972 Oct. 15 9.14 193
Sequential Spread F 1230-1615 1972 Oct. 29 9,15 194
Sequential Spread F 1300-1445 1971 Apr. 9 9.16 196
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Listing of Jonogram Figures (continued)

TYPE LT

BELGRANO STATION

Rapid Evolution of Structure

Followed by High Abscrpiion 1700-1845
Quiet Summer Day 0830
Distinction Between E2 and F 0.5 0515
Es-h 1500
Use of Letter A 0845
Es-h or £2 1430
Stratified E Trace 1400
Es-2 0900
Distinction Between a and f 1345
Misuse of U 1500
Es-f 1215
Tilted Layer 0145
Es-h,c 1315
Es-f G030
Misuse of DR 0515
Use of X on fxi 0815
Es-¢ {300
Es-h 0300
Use of OR 2100
Es-¢ 1300
Es-% 1145
Tilted Layer; Es-c 0145

HALLEY BAY STATION

Winter Day 1145
Eguinox Day 0845
Summer Day 0815
Polar Spur 0315
Range Spread due to Layer Tilt 2015
Es-d ) 2130
Gyro {infinity mode) Traces 1015
Gyro; Es-f 1445
Gyro; Es-a 1615
Multiple Gyro Traces 1815
Gain Sequences: Es-f,a 1700
Gain Sequence 1000
Replacement layer 2015-0345

SLANT E CONDITION (SEC); AURORAL OVAL CONDITION

SEC Sequences Showing Presence of
Es-s, G and Lacuna 0559-0929

SEC Sequences with F1 Lacuna and
G Condition in F2 Layer 0859-1859

Effect of Gain Setting on Lacuna and

Es-s Traces during SEC Event 1059-1200

SEC with Backscatter Irregularities 0714-0833
{Sendre Stremfjord) 1449-1504

SEC with Lacuna {Narssarssuaq) 0429-0444
1229-1244

Slant E Qccurrences 0000-2400

Polay Plot showing Geomagnetic Time and
Latitude of SEC Maximum Occurrence

Typical Daytime SEC, Narssarssuag
(from INAG-12)

Auroral Oval - Morning 0727-0756
- Afternoon 1445-1546
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HIGH-LATITUDE SUPPLEMENT
to the

URSI HANDBOOK ON IONOGRAM INTERPRETATION AND REDUCTION

by

W. R. Piggott
British Antarctic Survey
c/o SRC, Appleton Laboratory
Ditton Park, Slough, SL3, 9JX
England

INTROBUCTION

This Supplement to the Second Edition of the URST Handbook of Ionogram Interpretation and
Reduction [ W. R. Piggott and K. Rawer, Report UAG-23, World Data Center A (WDC-A} for Solar-Terrestrial
Physics, November 1972] is intended to provide samples of actual ionograms to illustrate the line
drawings given in the Handbook, to provide reference ionograms and ionogram sequences so as to aid
future discussion and to clarify particular difficulties. This collection should also be useful to
scientists who need to use ionospheric data but are not expert in the field of ionogram interpreta-
tion. Many of the phenomena shown occur at most latitudes. Typical examples of ionograms from all
parts of the world will be found in the Atlas of Ionograms [A. H. Shapley, Report UAG-10, WDC-A for
Solar-Terrestrial Physics, May 1970]

As there are many types of fonosondes in use and the characteristics of the ionosonde can change
the appearance of the ionogram considerably, it has been thought best to keep ionograms from a given
station or a given organization together, Comparison between different ionograms from a given station
show clearly local effects due to interference, antenna characteristics, instrumental faylts, degree of
differentiation in use, etc.

Some organizations have provided a text commenting on their contribution which is most easily
used when kept close to the jonograms discussed. The input has therefore been presented in two
incompatible ways, with organization or network collections, but otherwise in erder of descending
geomagnetic latitude, first for the Worthern Hemisphere and then for the Southern. There are also
several discussions on particular phenomena, illustrated by special collections of ionograms.

To use the Supplement most effectively the Ionospheric Network Advisory Group (INAG) advises you
to ook first at the fonograms which are most nearly similar to those at your station and then
to read the comments made on any given parameter frem other stations. The figures, mainly ionogranms,
are 1isted by topic and station on pages i1 to viii,

Some of our contributors have prepared their ionograms without having full access to the Second
Edition or to the notes and comments in the INAG Bulletin and many have translation difficulties.
After much thought, your Chairman decided that it would probably ﬁe]p all groups if their original
reduction was shown with Editor’s comments where they appeared not to agree with the best analysis,
This means that these groups, and those who went to much trouble to pick out particularly difficuit
ionograms, will appear to need more correction than the remainder. INAG must stress that the presence
of many comments and corrections does not mply that the analysis at the station was below standard --
samples of ionograms at the WDCs show that standards vary considerably from year-to-year and even the
best stations have off-periods when their analysis is less than adequate. In selecting ionograms fram
the large number sent preference has been given to cases where a better analysis is possible or where
a particular error is very widespread.

Some contributors have not provided full analyses of their Tonograms and the work needed to
do this was prohibitive for the Editor. There are, however, enough examples of full analyses to act as
a guide, incompleteness in the remainder should not be regarded as permission to omit the missing
parameters. Similarly height and frequency scales have been provided for a sample of the jonograms
from each station. [In some cases these had to be worked out by the Fditor -- please remember to send
scales when submitting fonograms for publication in the INAG Bylletin or for discussion by the INAG
Chairman -- when the frequency scale is unusual or not steady, the deduction of the scale is difficult
and often also not unique.

Owing to shortage of time, the majority of the comments have been made by your Editor without the
advantage of discussion with other members of INAG. This impiies that some of his comments may well
be controversial, It is hoped that any reader disagreeing with the interpretation will inform INAG
so that the problem can be publicly discussed in the INAG Bulletin and at INAG meetings. Your Editor
apalogizes for this which is entirely his fault.
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The USSR contribution contains both examples of normal practice and examples to show special
phenomena which deserve special treatment in the International Magnetosphere Study (IMS), Some of
the proposals have not been discussed by INAG and are controversial. Further discussion will occur
in the INAG Bulletin.

The Editor has freely amended contributions which appear incomplete where this is likely to be
useful to the reader. Common cases include Es-r becoming Es-r and Es-k; Es-a becoming Es-a and Es-f
or Es-a and Es-c with some examples of the use of numbers te indicate the number of multiple traces
present. Most of the stations do this but some do not.

An attempt has been made to collect examples and sequences of ionograms to show abnormal F-layer
structures as seen by as many types of fonosonde as possible. The monitoring of the major high latitude
ridges and troughs by means of an ionosonde is an important contribution to the IMS. 'It is now clear
that several important magnetospheric phenomena can be readily recognized by their effects on tonograms.
Movements of the auroral oval can be monitored in this manner and there is a growing literature collating
such observations with aircraft, satellite and rocket observations. These work both ways, establish-
ing that the phenomena are correctly identified and then using the ionosonde data to show where parti-
cular magnetospheric boundaries were on occasions when detailed studies are being made.

At this time of writing, different groups are still using different words to describe the same
phenomenon, e.g, ionogram patterns associated with the increased ionization on the poleward side of
the plasmapause have been called 'replacement layer' phenomena by some groups, 'trough' phenomena by
othgyi.and it is clear that at least part of the phenomena called FLIZ by the USSR refers to this
condition.

There is also some difference in the words appropriate for the scientist and for those active in
jonogram reduction. The former describes a complex phenomenon physically, the latter identifies each
perturbation separately by its appearance on the ionogram and seldom has the training to make a physical
interpretation. Thus Es-s (slant Es) can be generated by any mechanism which makes the E or Es layer
sufficiently irregular to reflect signals back to the fonosonde over a considerable range of distances.
The trace-is highly characteristic and can thus be readily recognized and classified by an operator.
Intense instabiiity over a range of heights can cause the signal reflected to be weakened by many
orders of magnitude -- the lLacuna phenomenon -- the trace suddenly disappears. A similar disappearance
of the trace can be due to layer tilt (Handbook p. 78, 107). A scientist will note that, when intense
instability is present, Es-s and weakened or missing traces are normal. He will make allowance for
absorption weakening or hiding the Es-s or for weak traces to be visible rather than complete Lacuna
and often gives the code name Slant Es Condition (SEC) or Lacuna to the combined phenomenon. SEC
is the name adopted by J. K. Olesen who first described the phenomenon. For an operator, Lacuna means a
missing trace, Es-s the presence of a slant-Es trace on the fonogram and his responsibility ends when
he had adequately described what he saw on the ionogram. The name particle E .has been widely adopted for
the abnormal thick layer formed in the E region. While this is usually clearly associated with the
particle activity, the definition (Handbook p. 17, 1.15 (Particle E-night E) is independent of the
cause of the layer and does not imply that all particle E layers must be due to particle activity -- it
is purely a question of whether the value of foE is abnormally large. A scientist would probably prefer
the term Enhanced E to Particle E but the latter has been widely adopted, is more easily understood by
operators and is appropriate for most, if not all, examples.

At the INAG meeting at Lima it was agreed that, for better clarity, Fs types shouTd be tabulated
in capital letter form. This change has not been introduced in this Suppiement. Foy tabulation purposes,
Es-f, 2, c, h, a, r, k, s should become ES-F, L, C, H, A, R, K, S respectively as is the practice for
computer~constructed tables., There appears to be no reason to change the more attractive lower case
form for use in text, Es-a, ete. As more computers/ become available with both upper and Tower case
letters, it is Tikely that the original conventions fofF2, foks, etc, Es-a, etc., will again become
popular except for manual tabulation of Es types where capitals have great advantages.

INAG at Lima decided to adopt spread-F typing with entry in the descriptive letter columns of fxI,
foF2, h'F and recommends that this be used universally. With this convention the type letter takes
precedence over the descriptive letter when doubt is present.

At Lima, F-layer nomenclature at high Tatitudes was discussed. It is desirable to keep clear three
different phenomena:

(a} Trough-ridge phenomena characteristically chahging in position,

(b) Polar cap enhancements characteristically changing in time,

{¢) Exceptionally low F2-layer seen in soiar minimum years. '
1t seems that some confusion has arisen because (a) and (b) can sometimes be superimposed and have then

been discussed as if they were alternative forms of one phenomenon; some proposed names further confuse
these distinctions,



Far example the Irregular Zone identified by Pike in 1971 often contains the ridge {replacement
Jayer) widely seen at night near the auroral zone and the F layer associated with this ridge is
usually lower and thinner than the F layer adjoining it. Group retardation at the high-frequency end of ﬁ
the trace is not seen until the Tayer is overhead.

In its simplest form, phenomenon (h) is seen as & sudden replacement of the normal F layer in summer
by a lower, thinner and denser structure which disappears as quickly as it appears leaving the normal
F-layer traces relatively unalttered. A typical summer day ionogram is suddenly changed, the F1 trace,
if present, disappears, and the F2 trace is low with a rapid change in retardation near foF2 correspond-
ing to a remarkably thin layer sometimes only twice as thick as normal E, Particularly at the start
and end considerable scatter and tilt can be present. Unlike phenomena (a), (b) can seldom be seen
moving relative to the station and then only for a short time from when it is overhead. The jumps in
foF2 reported have been large, usually several MHz.

in solar minimum years, h'F in_the polar region often decreases- slowly with time finally reaching
E heights, e.g. about 110 km. Satellite ionograms confirm (at least for the few tests made) that there
is no higher F stroucture present. The value of foF2 also varies slowly in time, the thickness of the
layer is much greater than for particie E and decreases slowly as h'F decreases. This phenomenon is
seen only in years of low solar activity.

INAG at Lima suggested that the name "Low F2-layer" should be confined to this phenomenon (c).

The characteristic feature of (b) is the enhancement of foF2 -- it is sometimes spread, sometimes
not. For these reasons INAG proposed at Lima that phenomenon (b) be called Enhanced F. As there was
not adequate representation of all high latitude groups at Lima, discussion on the name, definition and
Timits to be made for phenomenon {a} are left for further discussion in the INAG Bulletin. 1In the '
contributions to this UAG Report trough structure appears to be popular, with FLIZ {F2 layer of the
Irregular Zone) a possible contender. When contrasted, thin and thick F-layer traces represent
reflections from the ridge and trough when the trough is absent. The normal F layer and the denser
thinner layer found at the boundary (see USSR and Olesen contributions and many individual examples)
give similar patterns. Similarly some Es decisions have had to be left for further discussion.

The oppertunity has been taken to update and collect the Handbook corrections as published in the
INAG Bulletins so that they are readily available in one place. These are attached as an Appendix to
this Supplement and include all decisions made at Lima. Where considerable changes have been made to
the Handbook, replacement pages have been typed out which can be pasted onto the old page or, for these
who have made it into a loose leaf book, used to replace obsolete pages. Any further changes will be
announced in the INAG Bulletin.

Japanese, Russian and Spanish translations of this Supplement are planned to complement the
corresponding translations of the Handbook, There does not appear to be sufficient demand to justify a
French translation at present as French high latitude stations can use the English version without
difficulty. Note that many of the changes in the English version of the Handbook have already been
incorporated into its translations which were prepared after the Handbook had been widely circulated and
discussed. Please make comments as soon as possible so that any changes needed in this Supplement can
also be pubTished quickly and incorporated into the translated versions.

A work of this nature can only be completed by unselfish work by many people. INAG wishes to
thank all those who have helped to identify the problems of the station operators in interpreting
ionograms either +in discussions at INAG Meetings, in training symposia reported to INAG, by contributions
to the INAG Bulletin or by tetters to the INAG Chairman and Members. There are many problems for which
suitable ionograms were not submitted. INAG asks you to select fonograms illustrating your difficulties
for comment and publication in the INAG Bulletin and, in particular, asks those organizing training
symposia to report on difficulties or problems where clarification is needed, preferably with i1lustra-
tive ionograms. INAG wishes to make jonogram analysis problems a permanent regular feature of the INAG
Bulletin and will use some of the ionograms. not included in this UAG Report to start this feature.

Particular thanks are needed to those who have directly contributed to this Supplement. Wherever
possible they have been identified in the introduction to their contribution -- people often do not read
Introductions and Acknowledgements! Special mention must be made to Mr. Richard Smith of the
Appleton Laboratory, Stough, Bucks, England, who examined all ionograms and comments inciuded in this
Report, identified a number of problems on particular jonograms which would interest operators and even
on occasion successfully challenged an editorial comment. The INAG Secretary and Vice Chairman had the
unenviable responsibitity of translating the Editor's handwritten manuscript and notes into the form
reproduced and the finished product would not have been possible without the large amount of detailed
editing carried out by Helen E. Coffey and Raymond 0. Conkright. The typing was done by Alice E. McRae
and J. May Starr working from the Editor's manuscript as sorted and amended. This work was carried out
at the World Data Center A for Solar-Terrestrial Physics and the Editor wishes to thank Mr. A. H. Shapley,
Director, National Geophysical and Solar-Terrestrial Data Center, EDS, NOARA, for making this possible.
Many users have expressed their appreciation of the Handbook and Atlas previously published through the
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good will of Mr. A. H. Shapley and the WDC-A and your Editor, acting as Chairman of INAG, feels that the
operators and users of the World Vertical Sounding Network would wish him to convey these thanks to all
concerned.

The Editor wishes to thank the Director of the British Antarctic Survey, Dr. R. Laws, for an
allecation of time to be devoted to INAG problems and for his understanding and support n the special
and targe effort needed to produce this booklet.

On behalf of the Network, INAG wishes to thank its Members and Consultants who have contributed
to this volume:
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W. R. Piggott (Editor)
A. S. Besprozvannaya
I. Kasuya
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G. Pillet
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Dr. D. G. Cole, Australia Mr. M. Ose, Japan
Mr. R. 0. Conkright, USA Mr. Queklang, Lycksele
Mr. C. Davoust, Frarnce Br. T. J. Shchuka, USSR
Br. Alberto Giraldez, Argentina Br. K. Sinno, Japan
Mr. Paile Guldager, Greenland Mr. R. Smith, UK
Mrs. L. Hayden, USA Dr. T. Turunen, SodankyT&

Dr. Ake Hedberg, Uppsala

) Thjs pubTication was approved by INAG at Lima, August 1975. The INAG members responsible for this
publication are:
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SECTION 1., USSR STATIONS
Vostok, Mirny, Heiss, Dixon and Tixie
Compiled by
Dr. A, S. Besprozvannaya and Dr., T, I, Shchuka

The Arctic and Antarctic Research Institute
Leningrad, USSR

General

This contribution has been prepared using data from the high-Tatitude network of vertical incidence
sounding stations organized by the Arctic and Antarctic Research Institute (AARI} under the leadership
of Br. V. M, Driatsky. Geographic and geomagnetic positions of the stations with the indication of the
type of jonosonde used are shown in Table 1, Al times on the ionograms are Tocal time. In accordance
with the recommendation to add a special High Latitude Suppplement to the URSI Handbook on Ionogram
Interpretation and Reduction the examples for this contribution were chosen with the aim:

1. To show the practice of jonogram reduction and interpretation, and
2. To show various types of ionograms for different Tatitudinal areas.

Table 1

LIST OF THE USSR STATIQONS

Station Geographic Geomagnetic Invariant | Inclipnation Time lonosonde

Coordinates Coordinates Latitude or Zone Type
Lat. E. Long, Lat. E. Long. Dip

Vostok 76°26'S 106°30*E 89°.25 91°.4E | 84°,35 79°.55S 105 E AIS

Mirny 66°33'S 93°01'E 77°.05 146° ,8E | 76°.8S 76°.75 90 E AlS

Heiss 80°37"H 58°03'E 71°.0N i56°,0E | 73°.8N 84°, 3N 45 E AIS

Dixon 73°30'H B80°24'E 63°.0N 161°.4E | 67°.2N 83° 5N 105 E AIS

Tixie 71° 34'N  128°54'E 60°.4N 191°,0E | 65°.2N 82°,6N 135 E C-3

Figures 1,1-1.24 are matched examples of gquiet and disturbed ionosphere. The division into quiet
and disturbed ionosphere is somewhat arbitrary for the high-latitude ionosphere and is mostly based
on the magnetic activity., The guiet conditions cover periods with three-hourly Kp index not larger
than 1. The ionograms show day and nighttime jonosphere effects, Table 2 gives the 1ist of numerical
values of the standard parameters taken from the ionograms of Figures 1.1-1.24.

It is interesting to note the appearance of Es type a in the near-pole area on the magnetically
quiet day (Figure 1.7}, low critical frequencies of F2-layer in the daytime at Heiss Island Station
(Figure 1.13) and at night at Dixon Island Station (Figure 1.23) on a magnetically guiet day corresponding
to the station position in the main trough [Muldrew, 19653, and the increase in scatter and the change
from the normal structure in the ionosphere in magnetically disturbed periods: a) anomalous increase
of critical frequencies under the conditions of dark ionosphere (Figures 1.14, 1,20, 1.24) {replacement
layer -- Ed.); b) decrease of critical frequencies in the 1ight periods (Figures 1.2, 1.4, 1.6); c)
appearance of Lacuna in the daytime auroral zone (Figure 1,16}, and d) disturbances of normal strati-
fication of the fonosphere {(tilts: Figures 1.2, 1.4, 1.6, 1.12; range-spread traces: Figure 1.10).

The Lacuna Figures 1.25, 1.26, 1.27 and 1.28 may be compared with Figures 1.1, 1.11 and 1.17. Some
examples of partial Lacuna are shown. A Lacuna sequence is shown in Figure 1.29. (More commonly the
spread would disappear when the phenomenon disappeared. -- Ed.)

Figures 1.30, 1.32 and 1.34 are the examples of classical Es type a traces that completely
correspond to the definition given in the Handbook.

Figures 1.34-1.38 are the examples of Es type a which are similar to other types of Es: Es-f and
Es-r.  That is why their interpretation is doubtful. (See Editor's Notes below.}
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. Figures 1,31, 1.35, 1.36 and 1.38 are examples of Es similar to type r, but with increased scatter
(Figuv¥es T1.31, 1.36, 1.48) or witk a monotonic rise of the lower edge of the trace with the frequency
increase {Figures 1.35, 1.36b).

Figures 1.36d and 1.37 are examples of Es-a similar to Es-f. This situation usually occurs with
the increased absorption when scattered reflections typical of Es-a are absent.

) Figure 1.48. TIonogram sequence is given illustrating assumed division of the sporadic ionization
into particle € {Es-k) and Es-r depending on the rise at the lower frequency end of the F-layer trace.
The classification is given in accordance with URSI Handbook recommendations (p. 69).

Figure 1.49. Figure 1.49h is defined as the regular E layer, since at this time critical frequencies
of the E layer start to increase with the increase of the sun's altitude.

Figures 1.50-1.55 show different types of spread F traces according to the classification recommended
by the URST Handbook (section 12.34).

Editor's Notes: The following notes supplement those given by the authors and draw attention to
some controversial points, Note that the reference quiet ionograms odd numbered Figures 1.1 to
1.23 can be used to match approximately to most of the other illustrative {fonograms, Figure 1.25
onwards,

Clear z mode traces can be seen on Figures 1.1 and 1.2 {low frequency) and Figures 1.17 and 1.47
{(high frequency end of F-trace).

Sporadic E gives much trouble. It is often overlooked that two types may be superimposed when

a, Kk, r traces are present, e.g. a,f; c,k; r,k. When a or v types are superimpesed on normal E

or on particle £ (Es~k), there is often a cusp at foE. This does not alter the ascription Es-a,
Es-r. If however there is clear evidence of a normal type of Es (h,c,% or f) superimposed on the
a,r or k trace, its presence should be shown in the type table. Some examples: Figure 1.7 Es-a,
f2; fFigure 1.8 a, f3; Figure 1.9 f4; Figure 1.10 a; Figure 1.14 r,k with foE = 021UK; Figure 1.22
a,a {two distinct a structures); Figure 1.24 a; Figures 1.30, 1.32 and 1.33 show Es-a growing from
a normal E trace {foE near 3.0 MHz).

Figure 1.32 has controversial features. The second order trace suggests this is an Es-c with Es-a
superimposed but the intervals are not equal, showing tiit. I prefer Es-c with fofs about 083

and types cZ,a. Figure 1.31 is a variani of Figure 4.29 (Handbook), center figure, f-min is low;
there are no multiple traces so Es-a should be used. In Figure 1.33 Es-a characteristics dominate
over r, thus a seems preferable. Figure 1.34 possibly Es-c present, but prefer just Es-a.

Figure 1,35 is very difficult. There is a second order trace to about 6.0 MHz so this cannot be &
pure Es-a, The first order trace is solid with weak scatter about it. 1 prefer Es type r,a

(a for the blob near 4.0 MHz) with foEs from (ftEs) JA. Figure 1.36 shows multiple traces to above
6.0 MHz with weaker traces to 10 MHz. Prefer a,r2; r2 acceptable. Figure 1.37 trace tilted and shows
some structure (Es type a). In the ionogram sequences retardation due to particle E can be seen so
type k should be added. The presence of a z-mode trace in Figure 1.48b-e makes it fairly certain
that the Es was really a particle £ (Es-k} with the F-layer retardation missing because that layer
was severely tilted. This is confirmed by lack of scatter near foEs. This sequence suggests INAG
should alter rules so that when foEs = fbEs for an Es-r type trace, the trace is regarded as a
particle E (Es~-k) trace, even if retardation cannot be seen on the T trace.

Figure 1.48e shows enough retardation to justify Es-k according to existing rules. HNote rapid changes
of foF? with time make it 1ikely that the F layer is not horizental. Figure 1.41 shows Es-k
{particle E) confirmed by second order trace with 1ittle or no evidence of F-layer retardation,

f-plot conventions in Figures 1.57, 1.59, 1.61 and subsequent figures do not conform with rule 6.3g

{p. 144 Handbook). This does not allow g-g to be used when a main trace is present, as in Figures

1.57, 1.61 or when it can confuse the representation of frequency spread, Figure 1.59. 1 do not see

how this use could be accepted (see FLIZ below}. Dots at fxI on sequence figures to identify fxl

should be arrows {not at f-plot entry)., There are also a number of cases where accurate values of

foF? are shown with a solid dot instead of an open circle and solid dots for satellite critical fre-

quencies are not shown, The compilers wish to identify foF2 and fxI only, not to give a full f-plot
interpretation in the Figure 1,64 iilustrations. -

Figure 1.65 d and e, the dashes below foFZ are not allowed as they confuse frequency spread inter-
pretation. Presence of clear satellite traces should be shown by dots. {In practice if these
appear only on one ionogram 1ittle is Tost by omitting them but they often give a reascnable value
for the critical frequency of an incipient replacement layer). Figure 1.65f,g,h is improper use

of g-q according to rules, also Figure 1,68d,e. Note the proposal [INAG17, p. 6] to use P to denote
polar spurs {Handbook type S} has been adopted in this contribution. This was confirmed at Lima.



FLIZ Phenomenon

Editor's Neotes: It is not clear at present whether the FLIZ phenomenon described below is identical
with the "repTacement" layer (trough and ridge phenomenon) or includes other phenomena also,

e.g. Figures 1.57, 1.59, 1,61, 1,63 could be examples from trough sequences and Figure 1.65 is similar
in form to a cenventional trough-ridge sequence (e.g. Figure 1.66) but at a much earlier time than
is usual, The characteristics given could apply directly to tvrough-ridge phenomena, e.g. Figures
3.39¢,d in Handbook. However, pending clarification in the INAG Bulletin, the word FLIZ is ysed

to identify the phenomenon described below. The text and figures have been included as proposed by
the authors so as to start informed discussion and to make ciear exactly what type of ionograms are
under discussion. The problem was discussed at Lima and it was felt that further discussion was
needed in the INAG Bulletin to produce an agreed consensus of opinion. This opinion was strongly
supported by INAG at Lima.

Operators should not be asked to identify physical phenomena but only to describe ionograms as seen.
I feel that the proposed use of g to identify FLIZ conditions on f-plots will not be practical -- it
blurs the distinction between frequency spread and range spread on f-plots. When frequency spread is
present it must have priority. This was strongly supported by INAG at Lima. For scientific purposes
the simultaneous presence of range spread can be identified on an F-type table (letter Q) or by
descriptive letter Q with the h'F entry. The proposed usage does not conform with Handbook rule
6.39, p. 144 which most operators find simple and convenient. HNote for scientific purposes this

type of condition can be readily recognized in tabular data by the difference foF2 and fxI by the
Jump in values of foF2 and by the proper use of h'F-Q, I believe that a proper description of the
morphology could be obiained using existing rules if all stations obeyed them carefully, in particular
by recording fxI and using the q convention on f-plots according to rule 6.3g. It is very important
that such phenomena are identified for purposes of the International Magnetosphere Study {IHS).

Figures 1.56-1.65. At a number of high latitude stations F-region traces are observed which cannot
be interpreted as oblique traces but at the same time differ from the usual ones which correspond to
a relatively thick F2 layer. Preliminary studies of such traces revealed their following characteristics
[Whatman, 1949; Hi1l et al., 1959; Besprozvannaya et al., 1967; Wakai, 196071:

a. They often lack a well-defined group retardation at the high freguency end of the trace.

b, They appear sporadically (on cne day for several hours, on others they would not
occuy at all),

c. The top fregquencies can vary with the gain.
d. The traces may be either blanketing or transparent,

e. Critical frequencies, as a rule, are much higher than those usually observed
reflected from the F region for corresponding normal conditions.

In order to better understand the origin and spatial/temporal distribution of these traces it is
necessary to interpret them similarly at all the stations of the high-latitude network. Figures
1,56-1.65 show the examples of ionograms with two different reflecting structures and the transitions
from one to another. In accordance with the terminology proposed by Pike [19711, the reflections from
a "thin" F2 layer with a poorly~defined group retardation were identified as 7 layer of the Irregular
Zone (FLIZ}. The AARI practice is that when FLIZ traces result from an overhead phenomenon and the
traces from the normal "thick" F2 layer are ahsent, the foF? parameter is not scaled, only descriptive
tetter Q is used (Figures 1.57, 1.59, 1.61, 1.63}; parameter fxI with the entry spread F classification
@ is used. When the diffusion is large, f-plot shows the whole range of FLIZ traces.

Determination of Position of Plasma Trough Structures

Figures 1,66-1,69. The study of the morphology of the spatial distribution of fonization by
satellite and ground-based data has shown that the synoptic F2-Tayer model can be expressed by a cir-
cumpolar zone of enhanced electronic density {plasma ring), bounded at the equator by a main "trough"
and at the pole by a polar cavity [Thomas and Andrews model, 19691. The equatorial boundary of the
plasma ring crosses the night side depending on the magnetic activity at the corrected geomagnetic
latitudes 65-69° and at the daytime side at 75-80° latitudes.

Figures 1,66 and 1,67 i1Tustrate conditions in the nighttime ionosphere and Figures 1,68 and 1.69
in the daytime jonosphere.

Figure 1.66 shows the ionogram sequence from Dixon Station (invariant latitude = 67.2°N) on a
magnetically quiet day (Kp does not exceed 0+). In this period the equatorial wall of the plasma ring
passes northward of Dixon Station and the station is in the main trough with characteristic low critical
frequencies of F2 layer (v 2MHz), Traces at h = 340-~350 km are interpreted as oblique traces from
the northern polar boundary of the trough, In this case we can calculate the position of +he
equatorial boundary of the plasma ring which appears to be located at a distance of 2°¢ from Dixon Island.

g




Figure 1,67 shows the ionogram sequence corvesponding to the conditions of moderate magnetic
activity (K values = 2+), with the equatorial boundary of the plasma ring crossing to the south of
Dixon Island. The zone of enhanced electron density of F2 layer moves over the station. The observed
;a]ues of critical F2-layer frequencies are two to three times larger than foF2 on a magnetically quiet
2.

Figures 1.68 and 1.69 demonstrate conditions in the high-latitude daytime fonosphere, The compari-
son of the airborne ionospheric soundings with those obtained by Alouette Satellite aliowed Dr. Pike
[1871] to conclude that the daytime position of the plasma ring coincides with the FLIZ zone.

Figure 1.68 shows ionogram sequence from Vostok Station, Antarctica about local geomagnetic noon
(1900 LT). It is interesting to note the disappearance of the normal summer structure {separate F1
and F2 layers) at 1945 and 2000 LT when the station is located in the FLIZ zone. The ionogram sequence

in Figure 1,69 is interesting, since at about that period only oblique traces from FLIZ zone were observed
{poTar spurs).

Bearing in mind the fact that the height of F2 layer in the irregular zone at vertical incidence
is 250 km (See Figure 1.68d), we can estimate that during the period in question the FLIZ zone was
at a distance of about 3° from Vostok Station. It seems that the boundary of the plasma ring was
determined in this case.

{A further discussion of these phenomena will be found on page 111 and in the Introduction.)
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