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PREFACE

"YRST HANDBOOK OF IONOGRAM INTERPRETATION AND REDUCTION, Second
Edition, November 1972” (Report UAG-23) and "REVISION OF CHAPTERS 1 - &
OF URSLI HANDBOOK, 1978" (Report UAG-23A) are being widely utilized by
geophysicists and engineers as the best guidebooks for the fundamental
understanding of the ionosphere as well as for the scaling of ionograms.
There is such an aspect, however, that their contents, being described
too much in details, can not be ﬁecessafily suitable for beginners.

At the same time, there is a2 demand for a simplified handbook which can
be utilized for the short-term training of the ionogram scalers, as a
matter of fact. This manual was compiled to cope with this purpose.

Even the experienced scalers are apt to be confused frequently, when
they face at complicated ionograms in the procedure of scaling. The
ionograms, however, whose interpretation secems te be difficult, could be
easily scaled, if the deformation of traces from fundamental patterns
would be mastered.

This manual has been compiled in terms of ilonospheric parameters,
laying emphasis on the most fundamental matters. Consequently the
repetition of some parts is inevitable. As for the composition of
contents, attention has been paid to the following points:

1. The philosophy cof interpretation and the scaling practice are
generally based on the so-called "Icnogram Handbook'" (URSI Handhook
of Ionogram interpretation and Reduction, Second Edition, 1972,
Report UAG-23) including the Revised Edition of the same (Report
UAG-234) .

2. Exaumples of jonograms are selected mainly out of those from mid-
latitude stations. This manual, however, is expected to be useful
for Ehose who work at high or low latitude stations.

3. The idealized patterns of ionogram are shown systematically in
diagrams (not in glossy prints).

4. The explanations correspoanding te the diagrams are minimized fox
simplifying the contents.

5. The relevant knowledge necessary for understanding is also
mentioned in the explanations of each parameter.

This manual has been compiled after exhaustive discussions made by
the research staffs from the Ionospheric Radio Prediction Section of the
Radio Wave Division as well as from the Radio Wave Observateries, Radio
Research Laboratories.

We earnestly hope that this manual will be fully utilized not only by
the scaling specialists but also ionospheric physicists and telecommuni-
cation engineers.

March, 1985 N. Wakai, H. Ohyama and T. Koilzumi
Radio Research Laboratories



PREFACE FOR REVISED EDITION

The Manual of Ionogram Scaling was published in March 1985 and dis-
tributed to the users at jonospheric sounding stations over the world as
well as to the members of the INAG.

Since then a fairly large number of requests for the Manual and en-
couragement for the revised edition including comments and advices to the
Manual reached the authors. The comments by Drs. R. W. Smith and A, S.
Rodger of U. K. are particularly valuable, being based on thorough and
careful examination over the whole pages of the Manual,

We held several times the meeting for refining the Manual during the
passage of one year. The revised edition thus completed includes the
following modification in the text, while the composition is basically same
as the first one:

1. Some figures are re-drawn for avoiding misinterpretation.
3 2. Local rules are entirely replaced by international ones.
3. Additional informations such as multiple and mixed reflections and
the spread-F are incorporated.

4, Descriptions on the particle E layer are modified.

Radio Research Laboratory has authorized to publish the revised edition
of the Manual and distribute it to the users as in the case of the first
edition.

Again we hope that this Manual will be used as a training text for
ionogram scalers and give some help to engineers or physicists who work

with the icnocgrams.

July, 1986 N. Wakai, H. Ohyama and T. Keizumi

Radio Research Laboratory
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PREFACE FOR THIRD VERSION

The Revised Edition of the Manual of Ilonogram Scaling was completed
in July 1986 and more than 200 copies of it were distributed to world-
wide icnospheric sounding stations, World Data Centers and a lot of users
upon requests.

After the publicatlon of the Revised Edition, we have found out several
careless mistakes in typescript.

In Jast Tebruary, the IPS experts of Australia have sent us very kindiy
comments and suggestions, pointing out inaccurate or inappropriate notations
and expressions through careful examinations of the whole text.

Thus we have challenged again to refine the Manual by replacing more
than 70 pages, and to publish the result as the third version.

Some comments by IPS experts, however, have not been reflected on the
version, because we have considered that they might be based on the local

rules used at IPS.

In order to make easy to find out the pages retyped or modified in the
text of the Revised BEdition, they are marked by(ﬁ)at thelr inner bottom
corner.

We wish to express sincere thanks to Dr. P. J. Wilkinson and experts

at the IPS Radio and Space Services for their valuable contributions.

October 1987

N. Wakai, H. Ohyama, T. Kolzumi

Radio Research Laboratory
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EXPLANATION

This manual contains about 160 exsmples of the ilonograms which
are usually observed in the middle latitude region. In order to
facilitate users' understanding, the freguency axls of ionograms is
indicated by the linear scale, and hence the logarithmic scale is
applied only for the reduction of the M factor.

The compilation is made in the following order: .
1. Simplified model iconogram.

2. Definition on all qualifying and descriptive letters used for
the ionogram scaling.

3. Accuracy Rules for Individual Measurements.

L. A1l ionospheric parameters to be reduced in conformity with the
URSI Ionogram Handbook are explained one_by one in the following
order:

fmin, foE, h'E, foEs and h'Es, type of Es, fbEs, folFl, h'F,

h'F2, foF2, fxI and M factor.

These ionospheric parameters are made up of the following
contents:
1. The form of description for each parameter has been unified, i.e.,
on the Tirst page, the definition of parameter, scaling accuracy,
indication of scaled wvalue, and notices for scaling are put in
order, together with concrete exampies. Concerning the Es reflection
in particular, the distinction of traces, classification of types

and decision of fbEs are incorporated.
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The pages Tollowing the first page of each parameter should bhe

used in pairs, i.e., & examples of typical observation are
illustrated on the left page and explanations corresponding to

such examples are given on the right page. 3By way of reference,

the correct value to be scaled is indicated on the right margin

of each ionocgram.

The description in the explanation on the right pages are divided
into 3 parts. As for the "Observation", the appearance conditions

of trace are described briefly, and as for the "Interpretation” it

is explained how to interpret the traces appearing in the ilonogram
and morecver how to obtain the scaled values which seem to be most
adequate for the parameters. Finally as for the "Comment", the
comments or reference items concerning the interpretation, such as the
way of distinguishing the confusing letters or traces, are indicated
partially by means of diagrams, and in addition the origin of quotation

from ionocgram handbooks referred to is also indicated clearly.



EOW 70 USE THIS MANUAL

When one can not find the way to interpret an ionogram, it is
recommended to take procedures as follows:
# Open the page where the parameter in question is dealt with.
# Find out an illustration which is most similar to the ionogram

in question.

# Read carefully the corresponding explanations on the right page.
# Decide the scaled value based on correct interpretation.

It ‘is further recommended to read through pages of the other

parameters relating to the parameter in question.

UNIT, SYMBOL & REFERENCES

# In scaling the final numerical wvalues concerning the frequency,
the correct indication is to omit the decimal points (e.g. 7.0 MHz
—= T0).

# Only one alphabetical letter applied should be the descriptive letier.
In the presence of two letters, the first one is the qualifying
letter and the second one is the descriptive letter (e.g. 315&5)_

# Notes on abbreviations of References,

I.H. ~-~ Toncgram Handbook (URST Handbook of ITonogram Interpretation
and Reduction, Second Edition, 1972, Report UAG—23)_
R.H. ——— Revised Handbook (Revision of Chapters 1-4 of Ionogram

Handbook, 1978, Report UAG-23A),
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FREQUENCT

TYPICAL TONOGRAM

The ionogram is a record of ioncspheric conditions indicated by
the relationship between the frequency of radioc pulse emitted upward
and the virtual height of echoes reflected from the ionosphere.

In the case of the normal ionogram, the frequency range covers 1-20 MHz
and the height range covers 0-1000 km.

The radio waves are reflected from the ionosphere after penetrating
more deeply into the ionosphere as the frequency increases. In the
frequency range close to the highest plasma frequency of the ionospheric
layers, the radio echoes are observed being split inteo two traces
(the ordinary and extraordinary components corresponding to lower and
higher frequency traces respectively, which are separated by about fB {electron
gyro-frequency)/2), owing to the presence of the geomagnetic field.

For example, foF2 and fxFl stands for the ordinary wave critical frequency
of the F2 layer and the extracrdinary wave critical frequency of the Fl
leyer respectively.

The height scale of ionogram is marked on the assumption that the
radio waves propagate in the ionosphere at the speed of light.

As a matter of fact, however, they propagate more slowly in such an
ionized medium as the ilonosphere. Therefore, the recorded heights
always tend to be higher than the real heights of reflection. Thus the
recerded height refers to the virtual heights (h') which are indicated
as h'E, h'F ete. layer by layer.



Qualifying and Descriptive Letters (R.H.pp.3h-35)

A . Qualifying letter: Tless than. Used enly with fbfs. (See section 3.1.)

Descriptive letter: Measurement influenced by, or impossible because of, the pr i
; , R ese
thin layer, for example, Es. P P nee of & lover

B - Measurement influenced by, or impossible because of, absorption in the vicinity of fmin.

C ~ Measurement influenced by, or impossible because of, any non-ionospheric reason.

D - Qualifying Jetter: greater than.
Descriptive letter: Measurement influenced by, or impossible because of, the upper limit of
the freguency range in use.

E - Qualifying letter: less than.
Descriptive letter: Measurement influenced by, or impossible because of, the lower 1imit of the
frequency range in use,

F - Measurement influenced by, or impossible because of, the presence of frequency spread.

G ~ Measurement influenced or impossible because the jonization density of the layer {is too small
to enable it to be made accurately.

H - Measurement influenced by, or impossible because of, the presence of stratification.

1 - Qualifying letter only: Missing value has been replaced by an interpolated value,

J - Qualifying letter only: Ordinary component characteristic deduced from the extracrdinary
component,

K - Particlie E layer present.

i - Measurement influenced or jmpossible because the trace has no sufficiently definite cusp

between layers. Mixed spread F present {see section 2.8.)

# - Interpretation of measurement questionable because ¢rdinary and extraordinary components are not
distinguishable.
Qualifying letter: Used with descriptive letter which shows why components not distinguishable.
Descriptive letter: Used when interpretation is doubtful and a qualifying letter needed for
other reasons (e.g., U, D, E}.
N - Conditions are such that the measurement cannot be interpreted.
0 - Qualifying Jetter: Extraordinary-component characteristic deduced from the ordinary component.
(Used for x characteristics only.)
Descriptive letter: Measurement refers tc the ordinary component,

P - Man-made perturbations of the observed parameter; or spur type spread F present {see section 2.8).

Range spread present. (See aiso Section 2.8) .

- Measurement influenced by, or impossible because of, attenuation in the vicinity of a critical
frequency.

- Measurement infiuenced by, or impossible because of, interference or atmospherics.

Qualifying and descriptive letter: Value determined by a sequence of observaticns, the actual

observation being inconsistent or doubtful. (See section 6.9.).

- Qualifying letter only: Uncertain or doubtful numerical value.

- Forked trace which may influence the measurement,

- Measurement influenced or impossible because the echo lies outside the height range recorded.

Measurement refers to the extraordinary component.

- Lacuna phenomena (also Section 2.75) or severe F-layer tilt present.

Quatifying letter: Measurement deduced from the third magneto-electronic component.

Descriptive letter: Third magneto-electronic component present.

.= o]
]
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In Chapter 3 the use of each Jetter is discussed in detail.

) The fellowing descriptive Tetters are used to show spread F types where spread F types are tabulated
in the Standard F tables. They then take precedence over all other letters. {See section 3.2, p. 74).

- Frequency spread present, fof2 and fxI tables only.
Mixed spread present. foF2 and fxI tables only.
Polar spur.fxI table only.

Range spread present. p'F, h'F? tables. Rarely in fofZ or fxi tables.

LT N
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Accuracy Rules for Individual Measurements (R.H.pp.31-34)

2.21. General: The accuracy rules give the desirable accuracy applicable when the structure

of the ionosphere and characteristics of the ionosonde permit. They also indicate the extent of the
uncertainty permitted for doubtful or extrapolated values and enable such values to be identified.
The rules imply that, in general, the reliability of data is detsrmined by the percentage inaccuracy
allowed except when this percantage is less than the reading accuracy A. The general propertias of
the rules are illustrated in Fig. 2.1, which shows, in grapnical form, the rules appiicable to all
critical frequencies with reading accuracies & = 0.1 Mz and A = 0.05 Muz,

[t must be remembered that the accuracy rule limits apply to reasonable doubt, not to absojute
certainty, Thus, if an F trace shows same scattered echoes beyond the limit range and is such that
it is unlikely that foF2 is really above the limit range. A npumerical value for foF2 should be scaled.
The scatiered traces are scaled in accordance with the rules of section 2.83,

2.22. Conventions for assioning the level of accuracy: The maximum rea¢ing unit A has been defined
in the table of recommended reaaing values given aocove {(section 2.13). HNumerical values whose re-
ljability is influenced by certain phenomena are qualified by symbois {section 2.3) according to the
following “rules. '

(a) If the estimated uncertainty of a value does not exceed + %, ar £ A, whichever is greater,
then the numerical value is uncualified.

{(b) If the estimated uncertainty of a value exceeds + 2%, or ¢ 4, whichever is greater, but
does nc: exceed * 5%, or £ 2 A, whichever is greater, the value is considered doubt?ul
and the qualifying letter U is used with the number together with the descriptive letter
wiich most nearly represents the reason for the uncertainty.

(c) 1If one boundary is certain and the other nossible boundary of uncertainty lies within
£ 10%, or £ 3 4, whichever is greater from 5t, the most probable value is taken as being
midway betwesn the observed limits, and the qualifying letter U is used with the number
and appropriate descriptive letter.

{d} When the possible error exceeds that in paragraph (b}, but it is estimated that the true
value lies within 20%, or 5 A, whichever is greater, of an observed boundary of

possible positions of the principal eche, then this observed Timit is tabulated wfth.the
qualifying letter 0 or E, whichever is applicable, and with the appropriate descriptive
letter,

(e} When the extreme 1imit of the principal echo is judged to differ from the true value of
the parameter by more than 20%, or 5 a, whichever is greater, a descriptive letter
only is tabulated without 2z numerical value. A descriptive letter used in this context is
often termed 2 replacement letter (See Section 2.3).

The rules for frequencies are summarized in Fig.2.1a.

2.23. Accuracy rules in total rance of uncertainty forms: Ogerators who prefer to consider the total
range of uncertainty may use the following rules which are equivalent to those given above,

{a) 1If.the total range of uncertainty does not exceed 4% or 2A, whichever is greater, then the
numerical value is unqualified.

{b} If the total range of uncertainty exceeds 4% or 24, whichever is greater, but does not exceed
10% or 44, whichever is greater, the value is considered doubtful and the qualifying letter U
is used with the most probable value together with the descriptive letter which most nearly
represents the reason for the uncertainty.

(¢c) 1If one boundary is certain and the other possible boundary lies within 10% or 34, whichever
is greater from it, the most probable value is taken as being midway between the ODSEfveq
iimits, and the qualifying letter U §s used with this value and the appropriate descriptive
letter.

(d) When the total range of uncertainty exceeds that in paragraph (B) but is less than 20% or Sa,
whichever is greater, of an observed boundary of possible positions of the pr1nc1p§i echo )
trace, then this observed limit {s tabulated with the gualifying letter 0 or E, whichever is
applicable, and the appropriate descriptive letter.

{e) wWhen the total range of uncertainty exceeds 20% or 5a, whichever is greater, a descriptive
ietter enly is tabulated without a numerical value.

The application of these rules to F-region freaquency parameters 4§ = Q.l MH% and E-region parameters
with 4 = .05 MHz are shown graphically in Figs. 2.1 {a} and (b}, respectively.
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fmin

@ Definition : fmin (minimum frequency) is the lowest frequency of
reflection wave recorded in the ionogram.

@ Scaling accuracy

fmin is scaled at the accuracy of 0.1 Mz (e.g. 1.6 MHz)

@ Indication of scaled value

fmin is indicated by a numerical value in unit of 0.1 MHz with

or without letters or by a letter only.

(Examples)

C «— Numerical values cannot be obtained because of

the defect of the ionosonde.

160 ——— C is a descriptive lettier.
LEEC ~~- E is a qualifying letter, C is a descriptive
letter.

@ Fotices for scaling

1. The fmin should basically be scaled from the ordinary wave traces.
In the actual scaling it is recommended that the lowest frecuency of
the first order reflection trace recorded in its ioncgram be scaled.
It is seldom that fmin has %to be scaled either from the extraordinary
waves or Z ceomponents. In the case of the scaling from the 7 component,
a descriptive letter 7 should be given to its numerical value (e.g. 16Z).
2. The very weak reflections should be ignored.
3. When fmin is high a normal ftrace may look very weak. But it

should he treated as a strong trace from which fmin is scaled in a

usual way. The strength of absorption can be deduced from the value
cof fmin.
4. fmin must not be scaled from the d type Es trace (a weak diffuse

trace at a virtual height below 95 km : see Case 9 of Es type), ES} from

ot

traces reflected obliquely or traces appearing suddenly EEELEE‘changing

=

rapidly.



fmin— 1
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fmin— 1

Observation: The lonogram usually seen in the summer daytime.
The normal E, F1, F2 layers and the ¢ type Es
layer are observed.
Interpretation: The lovest freguency of the traces in this
ionogram is 1.8 MHz.
fmin = 18

Comment : In the case where the condition of the ionosphere is undisturbed «
and the ionosonde works normally, the value of the daytime fmin will
be approximately between 1.5 %o 2.0 MHz. Increase in fmin due to the
decrease in the semsitivity of ionosonde must not be confused with
that due to the increase in absorption. In these cases, the descriptive
letter expressing the malfunction of the icnosonde should be attached
( e.g. fmin = 25EC }.

L
e

Observation : The trace below 4.3 ¥Hz disappeared owing to the high

abserption { B and F1 layer traces ars not visible ).

Interpretation : The fregquency of fmin is high when the
absorption is strong. fmin is important as a parameter
which indicates the degree of absorption. fmin of this

ionogram is expressed simply with numerical values.

fmin = 48
Comment : The absorption is rarely observed in the nighttime at
midlatitude.

Observation: HNo trace is observed on the ionogram. There is
alwmest no interference.

Interpretation: This is the case where the absorption conditien is
stronger than that in Case 2. When the ioncsonde works
normally, the black-cut on ionogram is caused by the sudden
ionospheric disturbances { 8ID ). As the SID progresses,
the disappearance of thetrace starts very guickly from the
lower part of f{gquency. The recovery usually occurs siowly
from the higher pari of frequency. All perameters are indicated
by the letter B, including fmin but excluding Es types.

fmin = B E//,,

Observation: The trace below 3.6 MHz is not recorded owing to
the defect of the ionosonde, Both the second order
reflection of Es layer and the Fl layer not fully
developed are visible.

Interpretation: The frequency bvand below fmin is affected by
the defect. Therefore, the numerical value should
be accompanied by the qualifying letter £ and the
descriptive letter C.

fmin = { fmin JBC = %8EC

Comment : When the cause is ascribed to the interference,
the descriptive letter S iz used instead of C.




fmin - 2

(:) Hormal ionogram { Nighttime )
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fmin—-2

Observation : A normal ionogram observed in the nighttime. Only the
¥ layer trace appears from the lowest freguency of the
ionosonde.

Interpretation : It is interpreted that the trace extends down %o below
the lowest frequency 1.0 MHz of the dionosonde. Therefore,
both the qualifying letter b (lese than) and the descriptive
letter E ( below the lower limit of frequency ) should be
given tc the numerical value 1.0 to be more accurate, but
the use of only the descriptive letter B may be allowed for

simplification.
fmin = 10EE

Cbservation : 7The F layer trace is observed from 1.1 MHz and the f type
Bs is seen at the height of 110 km.

Interpretation :+ The lowest frequency 1,1 MHz of the trace recorded on
the ionogram is regarded as fmin.

fmin = 11

Observation : Below 1.6 MEz, the trace is not observed owing to the
interference caused by the broadecasting wave.

Interpretation : BEvery sounding station is exposed t0 the interference
during hours just before sunset to at least midnight and
after sunrise,

If there were no interference, the trace would be observed
dewn to below 1.6 MHz. The value of the lowest frequency of
trace should be accompanied by the qualifying letter E

( less than ) and the descriptive letter 5 (interference).

fmin = { fwin JES = 16ES

Observation : The f type Es is observed up to the third order reflection.,
The lowest frequency ( fm2 ) of the second order reflection
is lower than that ( fmin ) of the first order reflection.

fm? = 1.5 MHz

Interpretation: Since the second order reflection suffers from much
more absorption than the first order one, the ionograms such
as this example can rarely be obssrved. In the normal scaling,
fmin should be scaled from the first order reflection, rather
than from the second one.

fmin = 18




fol

@_Definition : foBE iz the ordinary wave critical frequency of the lowest

thick stratification in the E region. [According to the magneto-
ionic theory, the freguency separation between the ordinary and
extraordinary mode traces is equal to about fB/2, where fB is
the gyro-frequency {(the freguency at which the electrons gyrate
around the geomagnetic Tield). The value of B varies depending
on the location of the station and the ionospheric height
concerned. In middle latitudes, it is about 1.2 MHz].

ToE is closely related to the solar zenith angle, having
usually the highest value around the local noon in smooth

diurnal variation.

¥ layer B layer
E layer o = B2 laver
A A J =— & layer
4 4
Toff fol

@ Secaling accuracy

foE should be scaled with an accuracy of 0.05 Miz.
Therefore, the last digit of scaled value is always 0 or 5

( e.g. 2.00 MHz, 3.15 MHz }.

@ Indication of scaled value :
foE is expressed by a numerical value with or without
letters, or by only a descriptive letter according to the

accuracy rule.

(Examples)
8 wew No numerical value can be obtained owing to the interference.
315K —== R is a descriptive letter which expresses the attenuation

arcund the critical frequency.

300UR ——— U is a qualifying letter (uncertain).

@ Notices for scaling :

1. The time of appearance and disappearance cof the normal E layer
varies with the season and the latitude of the station. foFE should

always be scaled during this time interval. Tt is convenient for

10




scalers to know beforehand the time interval for each month in
reference t¢ the past data.

2. Before sunrise, such stratifications as the h or ¢ type Es and
the E2 layer are observed in the E reglon prior to the development of
the normal E layer. These traces must not be confused with the normal
E layer. The h or ¢ type Es and the EZ layer are usually cbserved
with a virtual height greater than that of the normal E layer. In
particular the short-lived E2 layer appears in the vieinity of about
150 km. The E2 layer as well az the normal E layer shows the retar-

dation at the highest frequency.

3. If the particle E layer is observed, the value of foF should be
scaled even in the nighttime and denoted in the table with the

descripiive letter XK.
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(:) Normal ionogram

fmin 13
1 2 3 4 5 6 7 8 9 10 1lMHs | I°F e
Jom h'E
400 ! ’ foEs 21EG
) / fxEs
G
300 V4 h'Es
\ /// Bs type
\\-§:mummwﬁﬁé ThEs 21EG
200 £oF1
) h'F 215
100 o] ’/ h'F2
fof2 55
b i 4 %I
fmin foE foF2
Cusps due to underlying stratification are observed .
in E layer traces fmin 13
folb 3208
I I h'E 105H
hoo / foEs 32EG
Agﬁ/// fxEs
'Es G
300 " h
Sy e Es type
fbEs 32EG
200 > £OFL 50UL
h'F 250
100 —=pl = h'F2 280
foF2 T2
4 A A fxI
fmin cusp fol
(:) E2 layer is present
fmin 15
fok 265
h'E 120
Loo foEs OTEG
fxEs
300 T h'Es G
]\“%::wn - Es type
. fbEs 2TEG
200 ?
M B & foF1
S A -] n'E h'F 245
100 h'F2
foF2 54
% % % xI
fmin fofR foF2
Cusps due to stratifications other than the normal .
E are observed fmin 16ES
{ foE g
N J } n'E g
Loo = folis 16ES
a | ii// fxEs
300 E;J i 8 f.& h'Es 5
H 22 — Es type
5 fbEs 16ES
200 +EH Ptk 1 F foFl
| h'F 195H
100 A4—] h'F2
foF2 6l
L A £xI
fmin foE2 foF2
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foE— 1

Obzervation :

Tonogram in quiet ionosphers. The Es and F1 layers are not
observed.

Interpretation : foE is to be determined in consideration of the shape of

retardation of the E region trace. foE is nearly equal to the
lowest frequency of the F layer trace.

foE = 210
Comment : Since the extraordinary component is usually characterized by
larger absorption than that for the ordinary component,
sometimes the trace becomes weak or not visible at all.
In cases where the retardation cusp of the trace near fxE is
missing, care should be taken not to confuse with an
Es layer irace.
(::) Observation : A cusp is visible near 2.5 MHz of the B layer trace. The Fl

layer does not develop sufficiently.

Interpretation : The cusp near 2.5 Mz is caused by an underlying stratifi-

Comment

cation (see R.H. p. 83, letter H). Therefore, fof should be
accompanied by the descriptive letter H which expresses the
influence by the siratification.

foR = { foB )H = 3208

The retardation cusp appears alsc at the lower end of the F
region trace. The cusp of the E region which usually appears
first in the vicinity of foE moves toward the lower frequency,
becoming weak with the passage of time. When the lower cusp
is widely separated from fcE, it is not necessary to attach
the descriptive letter H. In this case, H should be applied
to h'E.

Observation :

The trace of the B2 layer is observed between the normal E
and F layers. The Pl layer does mot exist.

Interpretaion : Both the E and E2 layer traces are sometimes connected and

Comment :

sometimes not. It should be carefully examined which retar-
dation is foR.

The appearance of E2 layer should be remarked in an appropriate
column of the scaling table. The E2 layer is transient and
thick layer which appears between the normal B layer and the F
lsyer, and it is mainly observed for 1 - 2 hours around
sunrise and sunset hours. The other traces than those of the
particle E layer observed in disturbed conditions can be
regarded as the E2 layer { see I.H. pe17 ).

Uhservation :

Below 1.6 MH2z, no trace is observed owing to the interference.
Some cusps are observed in the E region.

Interpretation ! Ionograms like this are seen early in the morning. The virtual

Comment

height of the E region traces is too high to be the normal F layer.
It could be identified from an examination of a sequence of
records or from the diurnal trend of foE values. Since the

normal. E layetr 1s considered to be masked by the interference,

foE = 5.
If it can be judged from the sequential check of records that
foE exists near fmin, foRE may be deduced from the retardation

of the lower part of traces but care should be taken to ensure
that the cusp is not associated with an E2 layer.

foE = 160ES
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foE — 2

@ Cusp except foFE is observed in E layer traces fmin 15
1 o l foE 280UA
. 3 5 6 7 8 9 10 11MHz W 110
Loo foks 30JA
} / fxEs 36
300 / y h'Es 115
\ Es type cl
“:Eha,-»ﬂﬁ"/// fbEs 28
200
: foFl
+ h'F 215
100 St h'F2
foF2 58
X £xT
fmin cuspL“foE
E region traces are blanketed by Es layer fmin 16
fob 300UA
) / n'E A
400 fols Loga
‘Zé,/ £xEs L6
/ Es type £2
0 foF1 45T,
h'F 220
100 = e h'F2 295
foF2 66
4 ; TxI
fmin fol
E region traces are blanketed by Es layer
fmin 15
fok 350UA
)y J ) h'E A
00 z///’// £0ls STIA
TxEs 63
300 1252 = n'Es 100
i Es type £5ht
a00 1288 fbEs 35
Sl _ foFl
LT B s- |4 n'F 270
100 nt'rFe
é é $ foFe 60
fmin ok fxEs fxi
No traces are observed near ToRE fmin 16
I fok 365UR
) n'l e
400 lg fols hé
w ey xFs 22
300 %l l\“*/\,w_m >l h'Es 150
I / Es type hi
200 el fbEs he
i i\ —L fOFl SO
» - h'F 200EA
100 — i h'F2 290
I foF2 g2
A 4] 4 £x1
fmin foE fols
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foE - 2

Observation : A small cusp is observed near 2.4 MHz which is separated from
fmin® by about 0.4 Hiz.

Interpretation : The normal value of foE is 2.8 MHz (dotted lines). The
cusp at 2.4 MHz is considered to be produced by stratification,
In this case it is interpreted that the vicinity of foE is
blanketed by the ¢ type Es. In consideration of the lower part
of the ¥ layer trace, the velue of foE can be obtained by
extrapolation. If necessary, a letter is applied according
te the accuracy rule,

fol = 28004

Observation : Only the £ type Es is observed in the B region. The refar-

dation is observed at the lower end of the F layer frace.

Interpretation : The normal E layer is blanketed by the £ type Bs.
Judging from the shape of the lower part of the F layer trace,
it can be inferred ( dotted curve ) that foE is nearly same as
fbs. However, care should be taken to ensure that the F layer
retardation is not caused by the presence of an E2 laysr.
foE = ( fuls )UA = 300UA

Comment : In this case, fuEs, which is usually plotted by dote in the

f-plot diagram, should be plotted by an open circle,

Observation : The normal E layer is completely blanketed by the £ fype Es.
The ordinary wave component of the h type Bs is observed at the
height of 140 km. The retardation is not observed in the low
frequency part of the F layer trace, in contrast to Case 6.

Interpretation : foE should be close to the low frequency end of the h
type Es { dotted curve ). Being based on the same interpre-
tation as Case 6, foE can be obtained from the shape of retar—
dation in the low frequency part of the h type Es.

feE = 35Q0UA
In the case of no retardation,

foE = A,

Cbservation : The trace is lost in the frequency range of the vieinity of
foB. The h type Bs is cobserved.

Interpretation ¢ The disappearance of trace in the viecinity of foE is not
caused by the interference. Therefore, the attenuation can be
regarded as the cause. foE must be in this part and s¢ it ean
be obtained by extrapolating the traces. If necessary, the
accuracy rule is to be applied. The indication of scaled value
is adequately decided by the width of frequency range of the

disappeared trace.
foE = 365R, 365UR, 350D or R

Comment : In the case of interference, R is replaced by S. As for the
accuracy rules, see pp. 3-4 of this manual.

15




foE —3

©,

i
E layer traces are not clear owing te the inter-—

ference fmin 16ES
T
1 ) 3 I 6 fok S
e 5 7 /8 / 9 10 1wz [ IO 2
00 ' fOF 48JA
— ]l\ 3Es / f f‘in 5l
= T
300 e = h'Es 110
5 N 2Es et Es type  c3
000 A8 T fbEs Lo
g? i foFl
o h'F 255EA
100 4@ 1\*_* h'Fe >3
foF2 80
| i A £x1
Tmin fbEs fxEs
A1l traces of the E region are not clear owing
to the interference fmin 16ES
l fok S
[ h'E (&)
400 1= fols 1658
@ I } / fxEs
300 . n'Es 5
= ’J/ Es type
@ :
200 %E\ fbEs 16ES
@ foFl
l h'F 220
100 } h'F2
$ A fof?2 38
fxT
fmin foF2
No traces are observed from E region and the
lower part of the F layer frin 36
foE B
h'E B
H00 foEs 36EB
/ / TxEs
300 /4/ h'Es B
. et N Es type
absorption 6
200 fhEs 36EB
foFl x
h'F 245
100 h1F2
A A foF2 5T
fmin Tol2 fxl
Only the extracrdinary ccmponent of the E layer
is vigible fmin 35EC
| fok 320JC
| h'E C
MGO I } f foEs G
| ] // fxBs
300 e h'Es G
. i_,/ — Es type
£ fbEs G
200 = FoF1
| S L{hk)
E 1/ h'F 250
100 ] i h'F2 275
foF2 68
X, £xI

fmin 't fxB
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foE -3

Observation

Below 1.6 MHz the ftrace is not clear owing to the inter-
ference. Es is of the ¢ type and it can be seen up to the

third order reflection. fols = 4.8 MHz

Interpretation : Judging from the retardation of the lower part of the

¢ type Hs, foE is considered t0 be present in the interference
range, The numerical value cannot be scaled and so it is

expressed by the letter.

foE = 3

Obgervation :

Below 1.6 MHz the E region trace is nct clear owing to the

interference.

Interpretation : This lonogram is frequently seen early in the morning or

Comment :

after sunset. In the diagram, foE can be presumed from the
retardation of the lower part of the F layer trace (see Case 6).

foE = 150US

When no retardation is seen in the ¥ layer trace, foB is scaled
as smaller than fmin or expressed only by the letier.
foE = 160ES or foE = S

Observation :

Below 5.6 MHz all the traces disappeared owing to the strong
absorption (s1D).

Interpretation : The absorption caused by the solar flare always occurs in

Comment

the daytime. BEven when the E layer trace is not visible, the
column for foE must be filled in.
foE = B

In the case where the retardation is seen in the low frequency
part of the F layer trace and the value of foE can be inferred
from fmin F, as in Case 6.

17 the cause of missing traces is interference (S) or a
defect of the ionosonde (C), 3 or C is used instead of the
letter B.

Observation :

The traces below 3.5 MHz including the ordinary component of
the E layer trace are missing owing to the defect of the
ionosonde.

fxB = 3.80 MEz

Interpretation : Since fxE is clear, foE is obtained by subtracting fB/2

Comment

from fxE. foF should be accompanied by the qualifying letter
J and the descriptive letter C.
ToE = (fzE - £B/2)JC = 3207C
Concerning the separation between foE and fxE, see Definition

of foE on p.l10.
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fokE -4

]

(:) The trace near foE is an abnormal shape (D) type )

fmin 15
1 o 3 L 6 fok 255
- 5} , T 8 9 10 11MHz WE 105
koo foEs 3h
// fxEs Lo
300 h'Es 115
\‘M:::aw‘ﬁi// Es type ce
200 fbBEs 25EG
foFl
)\3_}:\ h'F 25
foF2 23
A 4 4 fxI
fmin foE foEs
fol exists below the lowest freguency of the
ionosonde fmin 10EE
Tok 100¥E
h'E E
400 /// £oEs DETA
fxEs 32
300 l \\ ,,,/ h'Es 100
\\\__:amm_w,__‘—*"’ Es type L1
fblEs E
200 foFl
h'F 250
100 h'F2
foF2 6k
4 4 fxI
fmin fxEs
Several cusps are present near foE
fmin 1T
fok 265
) ] h'E 110
0o f\\\h ’/ foEs bk
M s fxhs 50
300 = — h'Es 165
Es type he
200 A fhEs 35
o =" £OF] r(ko)
100 L=l h'F A
h'F2 270
foF2 68
Al 4 4 o1
fmin foFE foEs
Two Es types are visible near foRE fmin 15
ok 345UA
/ ] h'E 110
Loo / / foFs hg
fxEs L
P h'Es 125
“Mf/ Es type hlel
200 Ed-h fbEs 38
L
G ﬁ/ fofl
g c;%h \\ n'E EMS
100 i et h'F2 L
foF2 69
4 A 4 £xI

fmin foE fols
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foE -4

(::) Obgservation : The normal E layer is connected to the ¢ type Es with a
A-shaped overlapping of the retarded part of trace.
Interpretation : This shape is considered to be produced by simuzltaneous
occurrence of the reflection by the normal E layer and the
oblique reflection from the Es layer.
fob = 255
Comment : A commesnt should be included with the scaled values for such

cases,

Observation : Ionogram at sunrise. The retardation is visible in the
lower part of the F layer trace. The Es is of the { type.
foks = 2.6 MHz

Interpretation : The retardation of the lower part of the F layer irace
shows that the normal E layer is present below fmin. Since
the ftrace is appearing from the lower frequency (1.0 MWHz} of
the ionosonde, foE and h'B are expressed by the descriptive

letter E.
fol = 100EE

Observation : Two cusps are visible near foB {2.65 ¥Hz and 35.05 Miz). The
Bs is of the h type. foEs = 4.4 MHz

Interpretation : This kind of echo pattern which is likely to appear in
summer moraing frequently causes confusion in determining foRE,
foE should be decided in consideration of a sequence of
ionograms {the f-plot is effective). In this ionogram the cusp
at £.65 MHz corresponds to foE, while the cusp at 3.05 MHz which
is connected with the h type Es is considered to be the cusp by
a different stratification,.

foB = 265

Observation : The trace in the B regicn shows the cusp by the frequency
of 3.25 MHz and two Es layers of different iypes are chserved.
fos = 4,0 MHz and 3.6 MHz
Interpretation : The lowest frequency 3.45 MHz of the h type BEs trace is
the real fol. In this case the ¢ type Bs of 3.3 - 3.6 MHz
is blanketing in the vicinity of foE. The interpretation given
for Case 5 is also applicable to this case.

folE = 34504
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foE- 5

i

The particle E lsyer is appearing

fmin i3
1 o fol 170K
. 3 b 5 6 7 8 9 10 1lMHz g 135K
400 foEs 17K
/;--‘ fxEs 23K
300 A el h'Es 135K
N Es type k1
200 fbEs 17K
J j . foFl
100 h!e
foF2 51F
4 4 % xI 60
fmin foE foF2
Only the extraordinary component of the particle .
E layer is visible fmin 1O0EE
fok 090JK
h'E E
hoo -+ £oEs 09JX
/ / fxEs 15K
00 . i h'Es E
3 \\\:W-//’ Es type k1
fbEs COK
200 foFl
/ h'F 255
1.00 h'F?
foF2 36
N, £xT Loy
fmin fxBE
The ordinary component of the particle B layer is
not clear owing to the interference
fmin 20E3
i Tolk 200JK
, h'BE 3
400 e | / ToEs 20JK
200 e | y fxEs ng
" \ h'Es
© b \ = Ls type k1
200 42 fbEs 20K
= | /} foFl
© h'F 2140
100 I h'F2
% % fol2 57
fmin fxE fxl 63%
The r type BEs is appearing ( High latitude iono-
gZram sample fmin 12
fol 250UK
h'E A
400 fintnF : foBs LoF
¥ fxEs LoF
300 S h'Es 110
™~ Es type rlkl
fbls 25UK
200 = £oF1
B h'F 250
100 h'Fe
foF2 69F
4 A A £x1 7
fmin foE fols fxT
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foE - 5

Observation :

Tonogram at night. The particle E layer (foE = 1.70 MHz) is
observed. h'E= 135 km. The P layer iraces are weakly spread

near the critical frequency.

Interpretation ¢ The particle B layer is produced by the precipitating

particles inte the lower atmospheres during ionospheric disturb-
ances, showing larger virtual height than that of the normal E
layer. foE usually zgrees with fminF.

fobB = (foB}JX = 170K

Comment The letter K stands for the particle E layer. When the pariicle
E layer appears, foB and h'E should be written in the tabulation
sheet.
Observation : The F layer trace is appearing from the lowest frequency

(l.O MHz) of the ionosonde. The trace at 135 km in the E region
seems to be the extraordinary wave.

Interpretation : Judging from the retardation of the low frequency part of

Comment :

the T layer trace, the trace in the E region is interpreted as
the particle E layer. This case is substantially the same as
Case 17 with the freguency scale shifted slightly. The value
of fxE subtracted by f£B/2 {about 0.6 MHEz) is merked with the
letter JK.
foE = {fxE - fB/2) = Q9CJK

Both the descriptive letter X (pzrticle E 1ayer) and B (1less
than the lowest frequency) are applicable. But the priority is
given to K rather than E. Concerning the separation between
foE and fxB, see Definition of foF on p.l1l0.

Ohservation :

The extraordinary wave trace from a thick layer is observed
at a height of about 140 km. Traces below 2.0 MHz can not be
observed owing fo the interference.

Interpretation : Judging from the retardation of the lower part of the F

Comment

layer traces, the trace in the B region must be the extraordinary
component of the particle E layer. This case is also almost
same as Case 18, when the interference is supposed tc be at
lowest limit of Case 18. The procedure of scaling is the same
as Case 18.

foE = (fxE - £B/2)JK = 200J%

When the retardation of the F layer ordinary trace is clear,
fok {particle B layer) may be scaled from this frequency.

foE = (fminF)UK = 200UK

Observation :

The r type Es is observed in the E region. Weak spreads
are visible both in the Es and F layer traces.
foEs = L.0 MHz

Interpretation : As the penectration frequency of B region traces exceeds

the lowest frequency of F layer traces, the B region trace
should be the r type Es. The retardation near fainF stands for
the existence of underlying particle E layer. Therefore, it
can be interpreted that the particle E layer is blanketed by
the r type Es.

fbEs = (fninP)UK = 25UK
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h'E

@ Definition : h'E means the minimum virtual height of the normal E-laver.

@ Scaling accuracy

h'E is scaled with an accuracy of 2 km (see R.H. p.30

section 2.13).

@ Indication of scaled wvalue

h'E is indicated by a numerical value and/or letters. The

letter is used according to the accuracy rule (see p. 3)

as usual.
(Examples)
B ---~ No numerical value can be obtained, being affected

by absorption.

L00C -—- ¢ is the descriptive letter {trouble with ionosonde).

115UC ~-~ U is the qualifying letter (doubtful).

@ Notices for scaling

1. When the accuracy of height markers is worse than +5 km, h'E should

not be scaled numerically,

2. h'E must be scaled when foE is scaled (for the whole daytime and
in the presence of the particle E-layer even at night), keeping in mind
that foE and h'E are not necessarily numerical values only.

3. The minimum virtual height of a reflected wave is scaled from

the horizontal part of trace. In cases, however, where there is no hor—
lzontal part, or the trace is blanketed by an underlying layer (Es), the
scaled value should be expressed with appropriate qualifying and/or
descriptive letters in accordance with the accuracy rule (see p. 3).

4, When the particle E layer is observed, h'E is also accompanied by

the descriptive letter K {see Cases 17 - 20 of foE).
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Normal icnogram fmin 16
1 o) Ll 6 ok 300
o 3 5 7 8 9 10 11MHz e 110
%00 foEs 30EG
fxEs
300 b . h'Es G
SN ~ Es type
fbEs 30EG
200 faoFl
} _/ n'H h'F 255
100 = b h'Fp
fol'2 63
A L} £x1
fmin foR
Trace is not horizontal near fmin fmin 18
[ ol 205
L)
4oo Ii \ / ?ogs lggEB
;.1 \ 3Es / / fxEs I
o h'Es
300 i} M“ﬁ 115
E' \\ ] Es type e3
o - 2Es foEs 32
200 gi foFl
g | u h'F 270A
e ?O
10C (D! ol i h'F2
| foF2 60
L 44 A £xI
fmin ToE fols
Cusps due to underlying stratification are
observed in the E layer traces fmin 16
] foR 310H
J h'E 110H
500 / / fols G
// fxEs
300 o h'Es !
1
“'-w—’/ Es type
200 ) -
J o UL
S IR n'E 255
100 h'F2 295
bl 4l o 75
fmin cusyp Lok %
Traces of £ layer and lower part of Fl layer are
blanketed by { type Es fmin 18
foE A
] L
Loo foEs L8IA
R / /j fxEs 5h
Es type L2
fbEs Ny}
2Es
200 foFl h2
S h*F A
100 h'F2 275
foF2 68
) : A £xI
fmin pEs fxBs
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h"E -1

(::) Observation ¢ HNormal ionogram in the daytime. No Es traces are observed.

Interpretation 1 h'E is scaled from the lowest part of E layer trace which
is almost horizontal.

h'E = 110

Observation : Interference is severe up to 1.5 MHz. E region traces are
cbserved from 1.8 MHz. Es of ¢ type is observed up to 3rd

crder reflection.

Interpretation : Normal E layer trace shows the retardation. h'E is
expressed by the lowest height observed, together with the

il

gualifying letter E {less than) and descriptive letter B

(absorption). h'E = 1208B
Comment : If there is interference up to 1.8 MHz, 5 is used instead of
ietter B,
(::) Obgservation : In the vicinity of 2.5 MHz on the trace of ordinary wave

component of normel E layer, other cusp than foB (3.10 ¥lz)

is observed. No Es layer trace exists.

Interpretation : In the case where the cusp is closs te fmin,h'E is possibly
influenced. Therefore, the numerical value is followed by the

descriptive letter H.

Comment : When the cusp is close to foE, i.e. h'E is not influenced by
the presence of stratification, the descriptive letter H.of
h'E can be omitted but should be included on foB (see Case
2, p. 12},

Observaticn : £ %ype Es ig observed at the height of 100 km. Traces of
normal E layer and of Fl layer below 4 MHz are not cobserved.

Interpretation : Sinece the ionogram is obtained at the ftime when foE is
expected te be in the vicinity of 3.20 MHz, it is interpreted
that normal B layer is blanketed by Es layer. Letter A is

uged.
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hE -2

]
The lower part of E trace is blanketed by L type

Es fmin 16
12 3 4 s 6 7 8 9 10 1iMHz | I°F 300
11lkm L h'E 120EA
00 ToEs 32
/ fxEs 38
300 ; S =l o h'Es 1LoEG
Es type hliZ
200 fbEs 30EG
a—1 Esth fofl LSUL
NN h'F 225
100 ht'F2 275L
fol2 80
4 4 £xI
fmin FoE “—fols
(:) The vicinity of fol is blanketed by ¢ type Fs fmin 17
fok A
n'E 110
hoo i foEs 39
/ fxEs ks
300 Yo n'Es 115
‘// Es type cl
200 ~ fbEs 32
| foll L3
. n'rF
100 < e b o ggg
' ) A foF2 63
fxI
fmin cusp fos
E region traces are not observed owing to the
interference ]
I fmin 16ES
I =) | ] i?g 2
00 gf foEs 16ES
?[ ) TxEs
300 g l y h'Es g
In: L\ Es type
200 4+ fbEs 16ES
. fofl
. h'F 210
100 i
i h'F2
A A folz 35
fmin foFf2 fxl
Wo traces are observed from E region and the lower
part of the F layer fmin 35
fok B
J h'E B
hoo foEs 35EB
Y fxEs
300 h'Es B
[
absprption | | == Es type
fbhEs 35EB
200 fofl
h'F 240
100 h'Fe
foF2 66
4 A £x1
fmin foF2
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h"E- 2

Observation : B layer traces below 2.7 HHz are blanketed by £ type Es.
@ foE = %,00 MHz, foBs = 2.7 MHz (4 type).
Interpretation : Only a part of normal E layer trace is observed.
since the trace near Z.,7 MEz is not horizontal, h'E is
considered to be lower than 120 ¥m. Therefore, the
mamerical value should be followed by the qualifying letter B
and the descriptive letter A,

h'E = 120EA
Comment When the infliuence of blanketing by Bs layer is more
significant only descriptive letter 4 is used.
hi'E = A

For g type Es layer, folls = 27G, fbBs = 276G and h'Es = 100,

Observaticon : The cusp near 2.8 MHz is related to foE but not foE itself.
The trace from 2.8 MHz to 3.9 MHz is of ¢ type BEs.
Interpretation : The cusp observed near 2.8 MHz is to be extended as
dotted line to obtain feB. It is interpreted that the
proximity of foE is blanketed by ¢ type Es. Since the
traces below 2.8 MHz are of normal B layer, h'E can be scaled

by numerical valus.

h'E = 110

(::) Cbservation : This kind of ionogram is often obgerved early in the
morning or after sunset. Below 1.6 MHz the fraces are not
clear owing to interference. Retardation is observed in

the lower part of F layer traces.

Interpretation : Judging from the expected valus of foR and from the
retardation observed in the lower part of I layer traces,
foE is considered to be near 1.50 MHz. Since, however,
no information on h'E is obtained, it is expressed only by
the symbol,

h'E = 5

Observation : In the region below 3.5 MHz no traces are recorded at all.

Interpretation : The ionogram seen at the time of absorption., Since it

™

is interpreted that 2ll echoes from E region including the

interference are influenced by fairly strongz absorption, the

letter B iz used.
h'E = B
Comment : Degeriptive letters are properly used according to the causes

of disappearance of traces (e.g. C for Lonssonde trouble, 3

for interference, etc.).
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foEs, h'Es

@ Definition : foEs is the top frequency of the ordinary wave component of

continucus Es traces.

The Es-layer is a thin layer which shows rapid change and

is observed in the height range from about 100 km to 170 km.

In this region, any traces which cannct be clearly identified

35 the normal E layer or E2-layer should be always treated as

Es reflections.

h'Es {the minimum height of the Es layer) is the lowest virtual

height of the trace from which foEs is scaled.

hiBg —

(Daytime) (Nighttime)
ES" G ES"“ f
h'Es -
S i .
foE fokEs fxfs fbEs fxis

@ Scaling accuracy

foEs is scaled with an accuracy of 0.1 MHz(e.g. 5.3 MHz) .,

h'Es is scaled at the accuracy of 2 km (see R.H. p.30,section 2.13).

@ Indication of scaled value

foEs is expressed by a numerical value and/or letters.

(Examples)

30HG -—- Es layer traces are not seen in the condition that the
normal E layer is observed (Daytime). It is interpreted
that Es is embedded in the normal E layer (foE = 3.0 MHz).

16ES --- E is the qualifying letter and § is the descriptive
letter,

52JA ~-~ J is the qualifying letter and A is the descriptive
letter.
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h'BEs is expressed by a mummerical value and/or letiers.

{Bxamples)
B8 ——— The numerical value cannot be obtained owing te the
interference.
150EG ——— E is the qualifying letter and G is the descripiive
letter.
@ Notices for scaling
1. foEs and h'Es should be scaled over the whole day.
2. The following characteristics should be referred to in identifying

the presence of an Es trace:
(1) Since Es is a thin layer, no retardation is usually observed

77777 (except r and k type in high latitudes or at mid-latitudes under
disturbed conditions) near its critical frequency.

(2) Es layer traces are usually observed in the height range from 100 km
to 150 km. But the height occasionally exceeds 150 km in the case
of h type Es.

(3) Es layer is classified into one of 11 types in which ¢, ¢, h and
f types are generally observed in the middle latitudes.

These types of Es appear sometimes independently or simultaneously.

3. h'Es should be scaled at the lowest height where Es layer trace becomes

horizontal.

@ Scaling rules of Es trace

1. Traces caused by cobligque reflections should be ignored.
2. Scaling should not be based on very weak and intermittent traces.
3, Short-lived or rapidly changing phenomena like the nmeteor echoeg are

not to be scaled. TIn identifying those, several seguential jionograms

should be cross-—-checked,

L, The values of foFs, fbEs and h'Es are scaled from the trace having

+he highest frequency.
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5.

When Es traces of different types appear simultaneously, respective
foEs and h'Es are scaled type by tvpe. In this case, the scaling is made
in order of the critical frequency, and if the frequency is same the
priority is given to the greater virtual height.

The auroral and retardation type Es are scaled regardless of the

above rules 1-3 even when no overhead reflection is present.
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How to distinguish between foEs and fxEs

In scaling Bs traces, difficulty often arises in identifying foEs
{ordinary wave critical frequency of Es layer). As a matter of fact, the
ordinary and extraordinary components of f or f type Es traces cannot usually
be distinguished. Tn this case, the value of foEs is deduced by subtracting
fB/2 (50.6 MHz in the middle latitudes) from ftEs (top frequency of the Es

layer), assuming that the echo having the highest freauency iz the extraordinary

component.

As shown in the figure, the distinction of Es layer traces appearing

together with the normal T layer traces is not so difficult (in the case of

h type and ¢ type).

Es-h

W Es —1 \\\‘;:::7“““
)

h'E —~
I T I
foE fx8 fofs fxEs

In most cases, however, the ordinary and extraordinary components of the Es

layer traces overlap each other at the same height and so it cannot bhe simply

decided which component gives ftEs.

The interpretation of fiEs is to be made according to the processes

shown in Cases T-16.

Es~¢

! !
fol fxEs
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foEs 4
hEs

@

Bs layer is not observed ( Daytime )

fmin 16
fol 270
1 2 3 L 5 6 8 10 11MH
¥m ! 2 1 n'E 105
koo fols 2TEG
} xEs
300 } A h'Es G
meéﬁi// Es type
500 T TbEs 27EG
FoFl L{ko)
h'F 210
100 e A h'F2 240
ToF2 66
Al 4 3 A £x1
fmin foE foFl fove
@ Es layer is not observed { Daytime ) fmin 17
LT foF 8
Pl ] } h'E 110
Loo ICJV { / foFEs G
l g l _ f)::Es .
300 lg ; Ei
l("IE ngsype ¢!
200 ER foF1 4o
l ! h'F 2ksEg
100 =7 h'F2 290
l i foF2 59
AL 11 & ) £xI
fmin okl foF?2
Es layer is not cobserved ( Nighttime )
fmin 1OE®
} ! £OE
h'E
koo j foEs 10EF
/ fxEs
300 w h'Es i
MW Es type
200 fbEs 10EE
foFl
h'F 2L OEE
100 h'F2
) A fol2 33
Frin For2 IxI 39X
Es layer is not observed { Nighttime ) fmin 13
foh
i h'E
Loo LI foEs 1358
/ fxEs
) h'Es B
300 gV Es type
fbEs 13EB
200 fOF1
h'F 025
100 h'F2
foF2 L8
4 4 £xI 54X
fmin foF2
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feES — 1

(::> Observation :

An ionogram tc be observed usually in the daytime. Traces

in B regicn {105 km) are of the normal E layer {(foR = 2,70 MHz).

Interpretation : The ionosphere is considered to be guite normal. In the

E region, only traces of the normal E layer are clearly observed

and nec trace of Bs layer exists. In the lower part of F layer

{foE}EG
e

foks

i

h'Es

Cbservation ;

In the frequency range from 2.6 MHz to 3.4 MHz, traces are
not clear owing to the interference. Traces in the E region
(11C km) are of the normal E layer.

Interpretation : The value of foE cannot be scaled owing to the inter-

ference. But in cases where traces at 110 km are identified as
the normal B layer, and where Es layer is not cbserved even by
referring to ionograms obtained before and after the time
concerned the letter G is applied for all the scaling parameters
of Ex. The letter S is suitable for other cases.

foEs = G

<::> Observation

t An loncgram at night. Only F layer traces are observed from
1 MHz {the lowest frequency of ionosonde). No trace exists in

the E region.

Interpretation ¢ Since F layer traces appear from the lcowest frequency of

Comment

ionosonde, it is interpreted that foBs is less than this

freguency.

foBs = (fmin)EE
h'ls = §

Ii

The use of descripiive letter E is limited to the nighttime.

Observation

An ionegram at night. fmin (1.3 MHz) is scaled from F layer

traces. No trace exists in the E region.

Interpretation : If the ionosonde works normally, the cause of no echo

Comment

below 1.% MHz is ascribed to the absorption of ionosphere.
Therefore, descriptive letter B is used.
foBs = {fmin)EB = 13EB

h'Es

i

B

When the cause is ascribed to the interference, see Case 5.
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foks
h'Es 2

®

o Es layer is observed { Nighttime )

fmin 16ES
1 2 3 /4% 5 6 7 8 9 10 11MHz Lok
'H
408 — || o
. ] foBs 16ES
" : / fxls
300 + 8+ A - h'Es S
g L’ e Es type
200 4 24 =+ TbEs 16ES
a8 foFl
Sl h'F 22083
100 4. 8 : h!Fp
foF2 36
4 3 £
xI Lox
fmin for2
No Es layer is observed owing to sbsorption frin LE
fok B
) / / h'E B
06 / foEs LEEB
/ xEs
300 e h'Es B
absodption =T | h'FJ Es type
500 IbEs L6EB
foFl B
h'F B
100 h'F2 255EB
foF2 66
4 A £xI
fmin ToF?2
@ ftEs { top frequency of Es layer ) is low
( Nighttime ) X
fmin 10EE
fok
B
}_; : 3 h
0 teminx } /I foEs 12
,/, h'Es 110
;M Es type 1
200 fbEs 12
foFl
- h'F 220
100 hYFD
M ToF2 33
R — fx1 39K
ftEs is higher than fB { gyro frequency )
( Wighttime )} fmin 10EF,
fok
h'E
boo fols 1GTA
erfinFx } } Efgs lig
300 e
? iy Es type 1
200 o fbEs 19
foFl
h'F 210
160 h'Fe
foF2 Lo
A A 4 %l 18X

B —fbEs L fxEs
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foEs
h"Es — 2

Observation : An ionogram at night. Traces below 1.6 MHz are not clear
owing to severe interference.

Interpretation : MNP broadcast interference as shown in the figure is
recorded usually on ionograms cbhtained at midlatitude
stations during nighttime hours. This type of ionogranm
is frequently seen during dark hours except those from
midnight to dawn when the BC stations stop their services.
The descriptive letter expressing the cause of lack of traces
should be used in the same way as fmin. h'Es would usually be
only the letter.

fobs = (fmin)ES = 16RES
h'Es = S

Comment : If the cause is the trouble with the ioncsonde,  is used
ingtead of the letier S,

Observation : In the frequency range below 4.6 MEz, no traces are observed.

Interpretation : Malfunction, interference and absorption can be considered
as the cause of disappearance of traces. This figure refers to
the absorption which occurs mainly in the daytime and sometimes
lasts for several hours, The absorption condition can be
easily distinguished from others, since it makes weak both the
interference and the echoes. Es traces are interpreted to be
below fmin.

foBs = (fmin)EB = 46EB
h'Es = B

Comment : In the case where the traces are not observed at all owing to
the absorption, all the parameters are expressed by the symbol B.

Cbservation : An ionogram at night. ‘The top frequency of Es layer (ftRs)
is 1.2 MHz.

Interpretation : In the lower part of P layer traces the extraordinary
component (fminFx)} is alsc observed. Since T type Es traces
extending up to 1.2 MHz are observed from the lowest frequency
of ionosonde, there would be almost no absorption. When the
value of ftks is small, foBs should be determined in comparison
with £B. In this case, since ftEs is smaller than B,
ftEs = foEs,

foEs = 12 h'Es = 110

Comment : fB: gyro-fraquency {the frequency at which the electrons
gyrate around the geomagnetic field). The value of £B varies
depending on the location of the station and the ionospheric
height concerned. In middle latitudes, it is about 1.2 MHz.

Observation : An ionogram at night. The top freguency of f type Es (ftEs)
is 2.5 MHz.

Interpretation : Since Es layer traces are observed from the lowest
frequency of ionosonde, the absorption should be small. In
this case, since ftEs is much larger than fB, ftEs = fxEs.

foBs = (fxBs - £3/2)JA = 1974

h'Es

i

110
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foks 3

fmin fbEs fxEs

h'Es
i
Near ftEs, ordinary and extraordinary components
cannot be distinguished fmin 17
_loe2 3 ks 6) }7 8 9 10 1MHs | 197 e
m
500 fols 66TA
N fxEs Te
300 beS }\_} htES 115
D/ Es type el
% I fbEs 32
200 o foF1 Lo
h'F 240
100 el h'F2 330
Fol2 63
4 4 4 $ @ £xI
fmin folE foFl foF2 fxEs
(r) Near ftEs, ordinary and extraocrdinary components ]
cannot be distinguished fmin 16
fol 330
h'E 110A
Loo || fols 50JA
fmin¥Fx / / fxEs 56
300 SEg ! Wi h'Es 100
\\_:ﬁzmﬁﬁﬁ?/' Es type £3
2Es fhEs 27G
200 f%;lEX foFl
Ji h'¥y 250
100 ﬁgj h'F2
fof?2 62
Al A4 4 £xT
fmin foEs foE fx¥s
Near ftEs, ordinary and extracrdinary components
@ cannot be distinguished .
fmin 19
fcolk 300
! 11 h'E 105
00 / folis 3734
fxEs I3
300 —— h'Es 125
T Es type cl
200 X FoRs 33
MINE foFl L(h2}
| S h'F 240
160 h'F2 275L
A ) A foF2 67
%I
fmin foE fxEs *
Near ftEs, ordinary and extraordinary components
cannot be distinguished fmin 17
/l } fok 340
h'E 2
}400 f;{,/} foEs lBS?@
77 p fxEs 37
h'Es 105
300
’//Lf/ Es type £2
SEs e fols 316
200 iflnﬂx foFl L8
A Y h'F 230
100 h'F2 325
foF2 75
b A 4 £x1
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foEs
h'Es”’g

Observation :

The ¢ type Es is observed. f{tEs = 7.2 MHz. The lower
part of Fl traces is blanketed by the Es layer.

Interpretation: Since the ordinary and extraordinary components of Es

trace overlap each other near f£tEs, they cannot be distinguishe
ed. foBs should be identified in comparison with the lowest
frequency of the extraordinary component {fminFx) of a higher
trace. In this case, ftEs is larger than fminPx and so ftBs

is TxEs.

foBs = {fxBs - TB/2)JA = 66JA
hiBs = 115

Observaticn :

The £ typve Es is observed up to the 3rd order reflection.
ftEs = 5.6 MHz. This £ type Es is blanketing the lower part

of normal E layer.

Interpretation : It is not clear whether TtEs of £ type Es is ordinary

or extracrdinary component. Being based on the same principle
as in Case §, the lowest frequency of E layer trace extraordinary
component (fminBx} is compared with ftEs. Since f4Bs is much

larger than fmin®x and fminFx, ftEs should be identified as fxEs.

foks = (fxBs - £B/2)JA = 5074
k'Es = 100

Observation :

ftEs of the ¢ type Es observed is 4.3 MHz,

Interpretation : Ordinary and extraordinary components of Es layer cannot

be distinguished. It is to be interpreted in the same way as
in Case 9. Since ftBs is equal to fminFxz, ftEs = fxEs.
fobs = (fxBs - £B/2)JA = 37J4

h'Bs = 125

Observation

¢ ftEs of ¢ type Es is 3.7 MHz and 2nd order reflection is

cbserved. Traces of F1 and F2 layers are normally observed.

Interpretation : The interpretation given in Case 11 ig alsc valid for this

case. Since ftEs of { type Es is equal %o fminEx, ftBs = fxEs.
Ir this figure, since fcBs is smaller than foE, the descriptive
letter ¢ is applied.

foBs = (fxEs - £B/2)JC = 3156

h'Es = 105
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foE
wES — 4

@

]
No signs for distinguishing between ordinary and

extraordinary components are found near ftEs fmin 19
1 2 fok 295
i 30k 5 6 7 8 9 10 11MHz P o
400 foEs 30
n / / TxEs
300 AN A h'Es 130
/ %‘E””"/J/ Es type hl
200 - fhis 37
foF1 bl
j\\hm h'F 225
100 1 57 h'F2 260
> foF2 67
i i a4 fxT
fmin foE foEs fninFx
€:> No signs for distinguishing between ordinary and
extraordinary components are found near ftBEs fmin 17
fokE 335
} } h'E 1104
hoo folis 30G
////,// fxEs
300 h'Es 100
/"""’"”""w Es type 21
— TbEs 2T7G
200 foFl L{kLT)
J/ 4 h'F 225
100 "+&Q h'F2 275
bl foF2 80
4 4 £l
fmin foks TOFL fpinmy .
Fo signs for distinguishing between ordinary and
extraordinary components are found near f{Es .
fmin 18
fol A
h'E A
400 fols TLTA
3Es fxEs 80
300 h'Es 105
Es type 23
200 1229 fbEs 63AA
foFl A
h'F A
100 h'F2 A
% 4 \ foF2 A
fmin fhEs fxils fxI
No signs for distinguishing between cordinary and
extraordinary components are found near ftHs fmin 18
fok A
} h'E A
koo foEs 58I
2// TxEs 6l
300 fg h'Es 110
— Es type £7
2Es fbEs 5h
200 foF1 A
n'rF A
100 h'F2 2704
foF2 75
4 . £x1
fmin fbEs fxEs
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foEs
h-Es ™ 4

- (::) Ovservation ¢ The h type Es trace is tangential to the B layer trace
........ | at foE. ftEs = 3.9 ME=z,
Interpretation : It is to be interpreted in the saﬁe way as in Cases 9
and 11. VWhen ftEs and fminFx are compared, fmin¥Fx is larger
than fiEs and the separation between them exceeds 53/2
{about 0.6 MHz). Hence, ftEs = fols.
foBs = 39

h'Es

130

Observation : The £ type Es {tEs of which is equal to 3.0 MHz blankets the
lower part of normal E layer trace.

Interpretation : fols is determined by applying the interpretation of
Case 13 to B reglon %race as follows: Since ftEs of { type Bs
is smaller than the value (fminEx - fB/Q), ftBs = foks.

Since this foBs is clearly smaller than foE, it is marked
with the descriptive letter .

E foEs = 300
h'Es = 100
Comment : When ftEs falls in a range between fminBx and (fminEx - fB/E),

fths should be interpreted as fxEs. The descriptive letter
G is necesgsary.

foBs = (ftEg - £B/2}J0 = xxxJG

Observation : The § type Es layer trace sxtends up to 8.0 MHz and even the
Zrd order reflection is observed. F layer trace is completely
blanketed.

Interpretation : In the case of total blanketing, fminF cannot be obtained
from the procedures as mentioned in Cases 7 - 14. It is in-
terpreted that the P leyer extraordinary component is blanketed
by Es layer exiraordinary component. Generally speaking, if
both the absorption condition and the F layer are normal,
ftEs = fxBs.

foEs = {fxBs ~ fB/2)JA = T4JA
a'Bs = 105

Comment : The above interpretation cannct be applied to the case where
the F layer electron density hes been unusually reduced (foF2 is
low} owing to the geomagnetic storm, for example.

Observation : F layer trace below 5.4 MHz is blanketed by £ type Es.
o ftEs = 6.4 MH=z,

Interpretation : The ordinary and extraordinary components overlap each
other in the lower part of F layer trace. Therefors, i% is
impogsible {o identify the component of ftls from fminFx.

In this case it is necessary to apply the following rules to

the Bs trace itself:

1. Absorption is small (fmin is low). ——m—o fiBg = I'xEs

2. The fiFs is nearly equal to foEs (it is interpreted that the
extraordinary component of Es layer trace is absorbed).

wwwww ftls = foEs
3. The ftEs is much higher than foB {i% is considered that
— extraordianry component exists n&turally). ~~~~~ ftEs = fxEs

In Case 16, either 1 or 3 is applied.
foEs = (fxBs - fB/2)J4 = 5874

(:) h'Es = 110
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foEs
h'Eg — 5

3

@

Near ftEs, ordinary and extraordinary components

cannot be distinguished (Nighttime) fmin 13
1 2 3 4 5 6 7 8 9 10 1iMiz foB
km .:.:. :::" h'E
koo ; folls 33JA
/}. : fxEs 39
300 4 o h'Es 110
gfé}'T“ Es type 1
200 - fbEs 23
foFl
h'F 220FA
100 h'¥2
foF2 Low
&_ 4 4 £xI 50
fmin fbhls fxEs
Es layer ordinary and E layer extraordinary traces
18 I ~
are seen to be connected fmin 7
foE 300
h'E 110
400 foFEs 3h
/ / fxEs Lo
300 n'Es 120
\M;;??¢=”“ﬁ>/ Es type  cl
200 A fbEs 30EG
FoFl L(L7)
P, h'F 220
100 = h'F2 265
fol? 48
é 4 é fxT
fmin foF “fols
The 2nd order reflectlon extends up to higher
frequency than the lst order reflection (Nighttime) Frin 18
fokl
h'E
100 fols 52
fxEs
3Es
300 h'Es 105
Es type 3
500 —2ES fbEs S2AR
foFl
h'F A
1C0 h!'ED
4 $ foF2 A
fmin folis fxI A
Oblique reflection trace is observed fmin 16
foR A
} } h'E 100
Loo 7 fols 68TA
//fl/ fxFs Th
300 3Es Z h'Es 100
Es type ¢3
i fbEs 49
200 2Es foFl A
oblique trace
_:é: T E R v htF A
100 h'F2 250UA
foF2 67
4 4 A £xT
fmin fBHEs fxEs
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Observaticn @ The spreading of echoes are seen in F layer trace. The f
type Es is observed. ftEs = 3.9 MHz.

Interpretation : The fminFx cannot be determined from F layer traces in
this figure. In addition, since fmin is 1,1 MHz, it is
considered that there is almost no absorption. Applying
Rule 1 in Interpretation of Case 16, ftEs = fxBEs.

foBs = {fxBs - fB/2)JA = %374

h'Es = 110
: Observation : The ordinary and extraordinary components cf ¢ type Es
- are observed separately.
foEs = 3.4 MHz, fxEs = 4.0 MHz,
‘ﬁ Interpretation : This is a very common ionogram. As shown in the figure,

discontinuity of trace at foEs which is deduced from fxBs is
usually found by careful examination of trace.

foBs = 34
h'Es = 120
Comment : Attention should be paid to the case where the 2nd order

reflection of Bs layer scmetimes overlap the P layer trace
{see Case 11 of h'F).

Observation : Multiple echoes of f type Bs are recorded. The 2nd order
o reflection extending up to 6.6 MHz shows higher top freguency

than that of the lst order reflection.

Interpretation : I+ is found in ordinary ionograms that as the number of
reflections increases the trace becomes weaker lowering the

top frequency. Therefore, this ionogzram seems to be affected
by obligue reflections, although heights are consistent with

overhead reflections.
foks = 52
h'Es = 105

Observation : The ¢ type Es is seen up to the 3rd order reflection.

fxfs = 7.4 MEz. Another trace is observed from 5.5 MHz o
10.6 MHz at a virtual height of 130 knm.

- Interpretation : Multiple echoes of ¢ type Bs are regarded as vertically
. reflected ones from relative difference of the virtual height,
Since the trace near 130 km which is observed neither hefore
nor after the time of this ionogram shows siight spreading,
this should be inferpretsd as an oblique reflection.
Therefore, no scaling is necessary.

foEs = (fxBs - £B/2)JA = 6874

h'Es = 100
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fo

~ES -6

3

2)

Es layer trace exceeds the upper freguency limit of

fmin foR b fols

ionosonde fmin 15
1 o 3 h 5 6 8 10 ok 320
m | T 9 11Miz LR 110
Loo | - foEs 200DD
3Es ~ fxEs
300 | h'Es 110
2Es Es type c3
200 S~ fbEs 93AA
foFl A
h'F
100 {f— L ipo ﬁ
tri
20MHz F
‘ oFe A
4 é % fxI
fmin fok fbEs
@@D Two types of Es are observed Frin 16
fok h1g
. / / h'E 1154
00 zif/ fols 52
fxEs 5
300 5 = h'Es 135
Es type clil
foEs LB
z
00 foFl 5h
Fa-f MM__ESMQ h'F A
100 mar h'F2 310
foF2 Th
& b 4 £xT
fmin foll foEs
'@gg Two types of Es are cobserved
fmin 15
fok 360
40 1) n'E 1204
2Fs ﬂgii;’/ ToEs 6674
\\Q-«h% fxEs 7o
300 h'Es 160
Es type £2n2
200 +252 - — FHRs 276
P
J e foF1 W7
100 42t o o'y A
h'F2 320
Al 4] 4 b oe o
fmin fbEs foE fxEs
3 Bs 1 traces ar t horizontal
| s layer a e no orizo fmin 510
foE 330
I h'E 105
Loo fols 36
// fxEs yo
Es type hl
500 TbEs 33EG
&‘\‘ foFl
P n'F 280
100 bt h'Fe
fol2 55
@ $ fxT
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foEs
h-Es — 6

Observation : Top frequency of ¢ type Es exceeds the maximum frequency
{see Comment) of ionosonde, F layer traces are entirely
blanketed by Es layer {total blanketing).

Interpretation : In summertime (May—July in the Northern Hemisphere) when
Bs layer develops, this type of record is sometimes seen for
more than one hour. In this case folls is expressed referring
to the upper frequency limit of ionosonde with the qualifying
letter D (larger) and the descriptive letter D (exceeding the
limit ).

foBs = {upper frequency limit of ionosonde)DD = 200DD

h'BEs = 110

Observation : The £ type Bs {(h'Es = 100 km)} blankets the lower part of
normal E layer, while ¢ type Es (h'Es = 135 km) blankets the
lower part of Fl layer traces.

Interpretation : In this ionogranm are observed two types of Es each of
which has its own critical frequency. But the higher fols
should be scaled in the table as representative.

foEs = 50
h'Eg = 135
Since folEs of { type Zs is lower than foE, the foRls is

expressed with the descriptive letter 6. foBEs = 340

Observation : The h and £ types HBs are recorded at the height of 155 km
and 100 km respectively having ihe 2nd order reflections.

Interpretation : This type of ilonogram is offen seen in the season when
the Es activity is large. The h type Es is likely to change
into ¢ type and then { type, lowering the virtual height.,
Since the top frequency of £ type Es is the highest one, it

is regarded as a representative value.

foEs = 66JA
h'Es = 100

For h type Es, foEs = 51, h'Es = 155 and fhEs = L&,

Observation: Both components of h type Es are observed in clear
separation, although horizontal parts of trace are missing,

Interpretation : In this case, when the Es trace dces not become
horizontal, the virtual height at foBs is qualified by letter
U or B as required by the accuracy rules, and described by
the letter G.

foEs = 36
h'Es 150BG

if
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Cisssification of Es types

@ Bs types :

Fs traces are classified into one of 11 types. There are f,f£, ¢, h,
G, Ty &, 8, &, n and k. Types to be observed at a station are not so many.
The £,£ , ¢ and h types are observed in the middle latitude, while a and r

types are normally but not exclusively observed in the high latitude.

@ Classification

1. All Es traces recorded in the ionogram should be classified with the
identification of types.

2. The rules state that foEs, h'Es and fbEs should not be scaled from weak
or oblique reflections. However, all BEs types should be included in
the table (e.g. d type Es or s type Es).

3. When the gain of ionosonde is low or when the type cannot be identified
because of complexity of traces, the ionograms of high gain observation

or the observation made within one hour should be referred to.

@ How to indicate Es types and multiplie reflections

1. The lower case letters should be used for Es types to be indicated in
the scaling table.

2. When several kinds of Es types are seen in an icnogram, the type of trace
from which the representative value of foEs is scaled should be indicated
first. The types of the rest of Es traces are indicated in seguence of
descending order of mulitiples.

3. In recording the types in the scaling table, they should be followed by
the number (not exceeding 9) of multiple reflections (For details, see
I.H. p. 179, Table 8.1).

[Example]

In the figure, h and £ types are seen up to i and 3 reflections
respectively. Es type 1s expressed as follows:

nbf3
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~——_ hd

L2

Al
4
fok

In the case of no multiple reflections, owission of the number of

reflections is allowed excepting the tabulation for computer input.

For example: h4f3

. Each column of the scaling table has a space for 5 letters. This means

that there is no space for the number of reflections of 3rd type of Es

(e.g. h3c2$). For details, see I.H. p.l79, Table 8.1.
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type of Es -1

1

(:) s type f, flat

fmin 10EE
1 2 3 L 6 8 fou
. 5 U 9 10 11MHz E

100 - /_ fols 62JA
fxEs 68

200 3Es %’ h'Es 100

- p Es type 3

200 fbhls 48

S foFl
& L'F 250848

100 h'F2

forl 65
i A A £x1 T1X
fmin fbEs fxFs

(:) Es type £, low fmin 1k

/ / ol 315
h'E 115

koo / foEs hoTA
rxEs k8

300 \ e h'Bs 103

s Es type L1

200 ibgi ==

Es-f ;

100 ] h'F?

foF2 67
b 1¢ |4 4 %I
fmin fbEs fok fxEs

(:) Es type ¢, cusp

frin 15

/ } fok 300

h'E 105

koo // 7 foEs bl
m»—-—"“/ fxEs 51

wrd Es type cl

00 fbEs 30EG

o~ AEs—c foF1 Ll(;%)
B '

Lo ] Y, — h'F 245
h'F2 310
fofF?

4 i . f;I "
fmin foE  foRs fxBs

Es type h, high fmin 15

} foE 320
h'E 110
k0o 5:/’} foEs L6
fxEs 52
D h'Es 155
300
. Es type Ei
Es_ be
200 o foFi A
/ [y h'F A

100 +—==p==1] h'F2 320

foF2 65
é $ @ xT
fmin foR foEs
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typeof Es—1

®

T (flat) type is a type whose virtual height does not change as
the frequency increases. This ftype is observed at any latitude.
This classification is applied exclusively in the nighttime. The
flat Es layer trace which is observed in the daytime should be
classified into £, ¢ or h types, depending on its virtual height

relative to that of the E layer.

£ (low)type is a flat Es trace appearing at a height equal to
or less than the minimum virtual height of the normal E layer.

Therefore, this classification is applied mainly to BEs in the daytime.

\\Hhh__ﬂ,aﬁfi// When the particle B layer is observed in

the nighttime, a flat Bs layer is tabulated
i Py, -~ particle B as the £ type, as in the case of daytime.

Bs - £

[ (cusp) type is an HBs trace which shows & comparatively symmet-
rical cusp at s freguency at or below foBE, A part or the whole of the
cusp is sometimes missing. This type of Es is observed up to higher
freguencies, being connected to the thiek E layer trace, and hence

can be appiied only in the daytime, or nighttime to particle E.

In this figure, the trace in highsr

. Bs - ¢
; é frequencies above the cusp is ¢ type Es
s .
which masks dotted part of the normal E
4t
cuspﬁujfoE trace.

b {nhigh) type is an Es trace showing a discontinuity in height
with the normal E layer trace st or above foE. The cusp is not symmetrical,
the. beight of the low frequency part of the Es trace being clearly higher
than thai of the high frequency part of the thick E layer trace.
It is applied orly inm the daytime, or nighttime particle E.

\\:;M'_‘dﬁz/j Ir the figure, the Bs trace having a cusp

made by the intermediate stratification

e~ Es - h (B2 layer) is also treated as the h type.
_—
i 4
foE  foR2
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type of Es -2

@ Es type g, eguatorial fmin 1k
1 2 fol 260
- 3k 5 6 T i8 l 9 10 1lMHz WE 110
Loo foEs TOTA
/ fxEs 85
300 - 1 n'Es 110
Es type 191
poo N _,,,/’& Es_q TbEs t 17G
# folFl
100 B AR ORI DDA DS E I, ru e atis ELO% b
foF2 78
é % fxI
fmin ok
Es type r, retardation fmin 13
fol 250UK
J i h'E A
Lo / foEs 38F
// fxEs LLF
300 h'Es 110
\\ : _‘__péy Es type rikl
[ fhEs 25UK
200
2 i}&@s_r f?Fl
‘.f:, h'F 240
100 =] h'F2
for2 Ti
b | 41 & £xI 77X
fmin fbEs foEs
@ Es type a, auroral
fmin 25
5| fok
400 & £ h'E
S Fols TSE
45 _,_-.;{,’ : fxEs
300 h'Es 110F
Es type alfll
foFfl
h'F 2BoF
100 h'F2
$ % foF2 ggF
fimin foks fxI
Es type s, slant fmin 13
foR 300
) || n'E 115
Co fols 58JA
// fxEs N
y. h'Es 110
300 NN d o Es type Z£1s
T Ws-g bFs 206G
200 = foFl
)/ o b'F 250
100 s - h'F2
foF?2 &l
A A 4 £x1
fmin Tok fxEs
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type of Es— 2

q {equatorial) type is an Es trace which is commonly found
during daytime in the vicinity of the magnetic dip equator, showing
diffuse and transparent characteristies. The lower edge of the trace
is relatively well-defined. This type of Es is frequently observed

in coexistence with other types of Es. Another important feature is

that foEs greatly exceeds fbEs for an Es—q layer.

r (retardation) type is an obliquely reflected particle E trace
showing an increase in virtual height near the top frequency similar io

shape tc the group retardation of a normal E layer. The trace blankets

a part or 81l of normel E and F layer traces.

In the figure in this column, if b is

Kﬁkh_ﬂ’—_agfaj larger than a, this Es layer should be

scaled as 1 type, while if b is nearly

“’““"“‘él/ equal to a, the Es would be the particle

a b E layer.

a (suroral) type is usually cbserved only in high latitudes
but can be observed at mid-latitudes ir association with auroral
activity. 'This type is applied to varicus types of spread Es traces.
The spreading ranges over several hundred kilometers in virtual
height. Echo patterns show flat or slowly riging lower edge having
rapidly changing stratified structure. The width of the trace is
greatest usually at frequencies below TtEs and scmetimes at frequencies

near fminF. The Es pattern usually alters rapidly in time.

s (slant) type is a diffuse trace the virtual height of which
increases steadily with frequency, emerging usually from such a point
¢f underlying horizontal traces as the foE, fxE, foEs, fxEs, er an
intermediate point in the Es trace,. The s type must not be applied
to the horizontal part, but should be applied to just the slant part
of trace. This type is mainly observed in high latitudes, the
starting peint of slant part varying with the magnetic latitude.

The § type trace must not be used to determine foEs, fbEs or

h'Es, but should be included in the type of Es table.
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type of Es -3

Es type d, Partial reflection from absorbing layer

1 o 3 L 5 & T 8 9 10 11MHz
km J
Loo

300

200

100

bl 4

fmin for2

fmin 67
foE B
h'E B
fobs 6TER
fxks

h'Es B
Es type daxr
fbEs 67ER
foFl B
h'F B
h'F2 280EB
foF2 75
fxTI

Es type k, particle E

Loo

300 AN BN

200

100

fmin  foF foFz

fmin 1L
foR 250K
h'E 150K
foEs 25K
fxEs 31K
h'Es 150K
Es type k1
fbEs 25K
fofl

h'F 280
h'F2

ToF2 65F
xI Th

koo

300

200

100

fmin
okl
h'E
foEs
fxEs
h'Es
Es type
fbEs
foFi
h'F
h'F2
foF2
fxI

hoo

300

200

100

fmin
fol
h'E
foEs
fxEs
h'Es
Es type
fbEs
foFl
h'F
n'rFe
foF2
fxI
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type of Es— 3

d (D region) type is a weak diffuse trace which appears normally
at heights below 95 km, being asseciated with high absorption (large
fmin}. Since this is not strictly an Es trace, it should not be

used for determining fmin, foEs and h'Es.
This type has no blanketing capability but the associated
absorption may prevent reflections from higher layers, Ju practice,

it is ofren observed at heights near 80 km.

The letter K means the presence of particle E layer. The
particle E layer is a thick layer which is sometimes seen at
greater heights up to about 170 kn in the nighttime, having much
higher ecritical freguency than the normal E layer. It is often
observed with type r or type a trace in high latitudes. As for
the examples of particle E layer, refer to Cases 17-20 of foE.
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fbEs

@ Definition :

fbEs is the blanketing frequency of the Es layer, namely the fre-
quency at which the Es layer first allows reflections from upper layers.
In other words, it corresponds to the frequency from vhich the reflections
from a higher layer than the Es layer begin to appear. Thus, fbEs is a
measure expressing the transparency of the s layer.

fbEs is always decided by the lowest frequency of the ordinary
component of a higher layer observed through the Es layer.

@ Sceling accuracy :

fbEs is scaled at the accuracy of 0.1 MHz (e.g. 2.6 MHz).

@ Indication of scalted value

fpis is expressed by the numerical wvalue with or without letters,
or by only a letter.
(Examples)
G «—— Descriptive letter to be used when no numerical value of
fhEs ig given in the daytime.

L6UY --- U is the gqualifying letter, Y is the descriptive letter.

@ Notices for secaling

1. Since fbEs is affected by the sensitivity of the ionosonde, it
should always be scaled from the ilonogram obtained with the normal gain.

2. A1l the columns of FbEs in the table should be filled in with any
numerical values and/or letters.

3. fbEs should always be scaled from the ordinary component.

L, Except in special cases, the value of fbEs must be equal to or

smaller than that of foEs (for a special case, see Case 11).
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5. Since fbEs varies with time, it is desirable to obtain as many
numerical values as possible so that the number of counts for calcu-
lating the monthly median be increased.

6. fbEs should be an indication of blanketing effect of the Es
trace whose foEs is tabulated. 1f the several types of Es layer are
recorded on an ionogram, the tabulated value of fbEs is always given
by trace with highest value of foEs (R.H. p.121, Fig. L.19).

7. In scaling fbEs when the complete blanketing occurs, refer to

rules (a) and (b) on p.68 and Figs. 3.1 and 3.2 on p.69 in R.H.



How to decide TbREs |

In scaling fbEs, it is recommended to examine the ionogram according

to the following steps.

1. First of all, it should be examined whether or not the Es trace is

chserved con the ionogram. If it is not go to step 2. If it is chserved,

go to step 3 and the succeeding ones.

2. The case where the BEs layer is not observed.
(1} The ionogram is normal.
The letter G is appropriate for the daytime, while the letter E
for the nighttime. For example:
fbEs
fbEs

(foE)EG for the daybime,

i

{(fmin}EE or
(fmin}ES for the nighttime.
(2) The ioncgram is affected more or less by interference, instrumental
fault or absorption.
a. No traces at all.
The same letter as used for cother parameters is also applied
to fbEs {e.g. B,C).
b. Traces are paritly observed.

For example: fbEs = (fmin)ES.

3. A case where the Es layer is observed but does not seem to affect
upper layers.
This case is envisaged when the lowest frequency of the Es layer,
fminEs, is at or above that of upper layers.
The letter G ig appropriate for the daytime, while the letter E

for the nighttime. For example:

fbEs = (foE)EG for the daytime,
foEs = {fmin)EE or
(fmin)ES for the nighttime.
b, A case where the Es layer observed seems to affect upper layers.

(1) Only the Es trace is observed on the lonogram.
a. It entirely blankets upper layers{see Item 7 on p.53).
For ftEs folis, fbEs (foEs )AA
fxEs, fbEs = (fxEs -~ FBR/2)AA

]
It

For ftEs

It

b. Both Es traces of the first and second order reflecticns exceed
the upper frequency limit of ionosonde.

fbEs = {upper freguency limit of ionosonde)AA
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c¢. One of Es ftraces of the first and second order reflections exceed
the upper frequency limiit of ionosonde.
fbEs = £tBs of the other order reflection
d. The F trace is obscured due to the interference and other causes
but seems to be foF2 > folis.
hEs = (foEs)ES. S: Interference
(2) ftEs of the Es trace is compared with the lowest freguency of upper
layers (fmin¥F or fminE).
a. The ordinary and extraordinary components of Es trace are clearly

separated.

fminF (or fmink).

{(foRs)UY or (foRs)ES

For foEs 2 fminP {(or fming), fbiEs

It

For foEs < fminF {or fmink), fbEs
b. ftEs is regarded as foks.

For foEs 2 fminf (or fminE), fbEs

For foEs < fminF (or fminE), fbEs

fmin¥ {or fminkE).
(foEs JUY, (foEs )UR
or {(foEs)ES.

1t

5]

T
i -

¢c. TtEs is regarded as f
For (ftEs - fB/2) Z fminF {or fminE), fbEs
For (ftEs - fB/2) < fminF {or fminE), fbEs

[

frinf (or fmink).
(foEs )UY.

[Note]
Concerning the interpretation that ftEs is either fols or fxEs,
see Cases T -~ 16 of foPRs.
(3) foEs of £ type Es is smaller than fol.
fhlis = (fmink)G

When two or three types of Es are recorded, fbis of respective type

should be tabulated in the column of FbEs according to the steps 3 to &,

Priority is given to the fbEs corresponding to Bs trace having the

highest foEs. It is the representative value of fbis for the ionogram.
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fbEs — 1

o Es trace is observed {(Daytime)

fmin 15
1 2 3 4 s 6 T 8 9 10 1lMHz | 1o 290
km T h'E 110
hoo J// // foEs 29EG
fxks
300 /)\ }\\M P hifsy o
Es ©
1 £oF e o
200 5 29EG
foFl bl
S h'F 230
100 h'F2 225
foFe G
B b b 4 £xI
fmin foR folFl foFz
(:) Presence of Es trace is not identified (Daviime) fmin SOR
[ foF 200UB
| h'E B
hoo i foks O0FR
5 l // fxBEs
s L]
300 -t / h'Es B
] L
3 | \\\:: #ﬁéﬁf Es type
. T fbEs 20EB
o foFl
o h'F ok
100 E hi1e
I fol2 51
P i} rxT
fmin foF2
(:) o Es trace is observed (Nighttime)
fmin 1AES
% fokl
h00 1o fols 16ES
g ! P /// fxEs
200 iy h'Es a
y
g 4 = Es type
200 5 TbEs 16ES
o foFl
h'F
100 +—1 . 250
$ % foF2 55
fmin FOFD =T 61X
d T - L] [
No Es trace is observed (nghttlme) frin 10FE
ok
hoo fols 10EE
/// // fx¥Es
300 L#V// h'Es E
//Jﬁﬁ Es type
fbhEs 10ER
200 foFl
h'F 230FEE
100 h'F2
fol2 20
3 4 £xT 35%
fmin folf2
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fbEs - 1

@

Ohservagion : The ionogram in guiet conditions. Tﬁe E region trace
is of the mormal E layer. foE = 2.90 Mz
Interpretation : In case where only the normal E layer is cbserved in
the E region {no Es trace is observed), all the
paramecers concerning Es are expressed with the
letter G.
fbEs = (foE)EG

Observation : In the range below 1.6 MHz the trace is not clear due to
the interference. The I layer trace is observed from 2.0
Mz but both the normal E and Es traces cannot be identified.
Interprecation : There 15 no interference berween 1.6 and 2.0 MHz,
foE can be deduced to be 20Q0UF from the retardaticn of
the lowest_part of the ¥ trace.
foEs = Z0EB.
Therefore, fhEs = Z20ERB

Observation : Only the F trace is observed. No trace is observed in
the frequency range below 1.6 MHz due to the incerferenca.
Interpretacion : This kind of ionogram is found often in the nighttime
whea the Es activity is low. The interference by MF
Broadcasting is very common in the nighttime at mid-
laritude sounding stations. Since the existence of Es
cannot be identified below fmin due to the interference,
the letter § is to be used for Es parameters.
fbEs = (fmin)ES = 16ES
Comment : in the case of no traces due to some instrumental failure,

the letter C is used instead of §.

Observation : Nighttime ionogram. The F trace is observed from the
lower frequency end of ionosonde. fmin = 10FE
Interprecation : There is no Es trace in the frequency range above
1.0 Miz. In this case the Es trace is considered to

axist below the lowest frequency limit of theé ionosonde.
fbEs = {10)EE

Comment, 1f fmin is higher than the
lowest frequency as shown in the d—‘~—d‘££z//
figure,
fbEs = (fmin)EB. b

fmin
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fbEs —2

1

(:) The ¥s layer does not affect the upper layer (Deytime)

fmin 28
1 2 3 k5 6 7 8] § 10 1iMHp | TOE 390
km / h'E 110
Lo0 [\-D / gogs 51
e Xbs 57
300 / h'Es 120
\/// Es type cl
200 ThEs 39EG
fofl 51
N A S, ~ h'F 215
100 h'ie 330
foF2 al,
$ é % $ fxI
fmin folE foBs foF2
The Es layer does not affect the upper layer
(Nighttime fmin 10EL
fok
T
koo ﬁgﬁii// foEs 29TA
fxEs 35
300 " h'Es 100
Es type i
fbEs E
200 foFl
h'F 285
10C h'F2
foFe g2
A A xT 88%
fmin L— fminEsl-fxls fol2
The lower part of traces is missing
fmin L9
/// / fol B
h'E B
400 ﬁaﬁﬁgflf’/
; FoEs LoEB
/*‘7'/ fxEs
300 l/ // E'EE B
s type
200 fbEs )49EB
foF1 L{6L)
250EB
100
h'F2 330L
é é % foF2 94
Tmin  Forl Fors fxI
The Es layer affects the upper laver (Daytinme) fmin o1
foll 385
h'E 100
Yoo — foks 53
- fxEs 60
300 v // h'ES 120
\\“‘w Es type 2
fbEs 50
200 fofl L{58)
#‘/h - h'F A
100 h'F2 3ho
foF2 ok
b A bh £x1

fmin

foE fbEs— foks
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tbEs - 2

T L3
(::) Ohservation : foE ig 3.90 MHz and ¢ type Es is observed. The retvar-
dation 1s seen at the lower frequency end of the F trace.
fmin is a littie higher than usual.
Interprectation : Where the lower part of F trace shows the retardation
like this case, it can be interpreted that there iz no
influence of Es on the ¥ layver.

fbEs = (FoE)EG

Observation : Nighttime ionogram. The f type Es is seen at the
height of 100 km. The F trace is observed from the lowest
frequency of ionosonde.
fmin 2 1.0 MHz.

Interpretation : fbEs should be decided from the comparison of fminks

(the minimum frequency of Es trace) with fminF (the mini-
mum frequency of F trace). If both are equal or fminEs
is larger than fminF, it is interpreted that thers is no
influence of the Es layer.

fbEs = E {The letter E corresponds Lo the

letter G used for daytime).

Observation : Only the F trace is observed from 4.9 Miz. fmin = 4.9 MHz.
Interpretation : It is necessary to confirm by referring to the
’ sequence of ionograms the cause of the disappearance of
the trace. In this case,the cause would be the absorptien
(B) due to SID {Sudden Ioncspheric Disturbance: ). fbEs is
expressed by marking the numerical value of fmin with the
qualifying letter E (smaller) and the descriptive letter B
(absorprion).
fbEs = UOER
Comment When the cause is other than absorption, the descriptive

letter is changed to conform {e.g. C for non-ionospheric reason).

Observation : Both components of ¢ type Es are observed in the
vicinity of 120 km, together with the ordinmary component of

the second order reflection.
foEs = 5.3 fxEs = 6.0 MHz.
The value of foFl is around 5.8 MHz.

Interpretacion : frinF (5 MHz) is lower than foEs. Therefore, it is
interpreted that the Fl trace below 5 MHz is totally
blanketed by ¢ type Es.

fbEs = 50
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The Es layer affects the F layer ( Nighttime ) fmin 13
- - 3 e { 8 9 10 11MHz s
Loo - fols L3TA
// / fxBs L9
F+ls - A h'E
300 . - 5 100
fminF _,uﬂﬁﬁé// Es type e
200 ¢ fbEs 26
foFl
h'F 210
;OO - h'F2
fol2 78
4 4 4 xT 83x%
fmin fbls fxEs
The Es layer affects the F layer { fminF is close _
to ftEs fmin 10BL
fok S
/ we =
Loo v foFs 57 .
TxEs :
fminF
300 y h'Es 105
z/f Es type £z
2Es fbEs 53
200 foll
h'F A
100 3 h'Fe
fof2 70
: 42 FxI 76X
fmin fhEs L foFs
There is a frequency gap between foEs and fminF
fmin 16
) / fol 285
h'E 110
hoo fi// fols 35
fmin¥ f&\AM_J/ IxEs
300 q - h'Es 150
/ Es type hi
200 Y fhEs 350Y
S foFl Loy
_ww’ﬂ/ h'F 250RY
100 h'F2 300
foF2 an
.é % ? ?ﬁ_ fxI
fmin fok FoTs foFl
The interference is seen between ftEs and fminF fmin 12
! foE
| /l , o
1
100 = // foEs 3203
] =t fxEs
300 2 Mﬁzﬁf h'Es 110
l e BEs type Tl
| & £bEs 3208 -
200 5 £oF1 .
;m h'F 2708
100 4 h'F2
fol? 65
4 4 rxT T1X
fmin ftEs fmin¥F
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fbeEs - 3

Observation : The f type Es extending up to 4.9 MHz blankets the F
trace below 2.6 MHz. A mixed reflection is recorded.

Interpretation t HNo particular consideration is needed, if ftEs {the
top freguency of Es layer) and fminF are separated by more
than half of the gyro frequency (fB/2 = 0.6 WHz}, as shown
in this figure.

fhEs = 26

If not, folis and fminP should be compared to determine
foEs, after confirming whether ftEs = folis or ftEs = fxEs,

Comment : Detailed explanation related to this Case is given at Step
4(2) in “How to decide TbEs" on page 55. As for the mixed
refliection, see Appendix 1 on p.118 of this manual.

Observation 1 The f type Es extends up to 5.7 MHz, showing also the
second order reflection. The F trace below 5.% MHz is
blanketed.

Interpretation : This Case is similar to Case §. But fminF in this
ionogram is separated from ftEs by only 0.3 MHz.

—————— If fths = fola, fbis = 53.

: Tf ftEs = fxBs, folls = (fxBs - fB/2} = 51JA. Therefore,

foks < fminP., According to Step 4(2)c on p. 55 of this manueal,

fvEs = (fxBs - £B/2)UY = 51UY.

Observation ¢ The ordinary component of h type Es is observed at about
150 ¥m. foEs = 3,5 MHz. A gap of C.2 MHz is seen between

_____ foEs and fminfF.

B Interpretation : Basically fbEs cannot be greater than foEs. Since
it is inferred that the T trace near fminP is influenced
by the oblique reflection, the letters U (doubtful) and
Y (F layer tilt) are used.

fols = (foBs)UY = 3507

Comment : When the inference is not certain, indication by only the

letter is preferable,.

Observation : Nighttime ionogram. The trace between 3.2 and 4.0 MEz
is not clear owing to the interference.
Interpretation ¢ fbEs is considered to be between 3.2 and 4.0 MHz.

‘‘‘‘‘‘‘ folis is expressed by marking the numerical value of fths

with the letters D (greater) and S (interferencé).

fbEs = (£1Es)DS = 32DS

Comment : Since the ambiguity of fbEs increases as the interference

gap in frequency becomes large, 1t is rather desirabdle to

express fbEs only by the descripiive letter S,
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fbEs—4

1

foks of } type Es is less than fol

fmin 16
foE 315
- 1 2 3 S 6 T 8 9 10 1lMHz op Tioa
400 foEs 280G
fmin¥ } ) fxEs 3G
h'Es 10
200 ] N . Es type K?
e,
fbEs 22G
200 fminH foll
w Y/ h'F 230
100 S h'F2
foF2 6o
. fx1
Tmin ropsd roE— rxRs
The Es layer completely blankets the upper layer fmin 14
. fok 300
! h'E 110
koo = fols 97
I fxFs 10k
300 3Es h'Es 110
Es type c3
2Es fbEs OTAA
200 foFl A
h'F A
100 N o n'F2 A
fof2 A
4 : { i fxI
fmin fok foF2 foEs fxEs
‘?‘he Es layer blgnkets the upper layer, although
interference exists Fmin 16
! l foF 305
N n'E 110
400 [ d foEs 70D
" o TxEs
300 T h'Es 115
oTs ! = | Es type oD
200 L 1] fbls 70DS
i § l i?il A
T =Bt v
@ | foF2 q
4 i } I £x1
fmin f'ok ftEs
; The first order reflection of the F layer is not
observed ( Wighttime ) fmin 1h
ToR
I 2F / 'h?E
boo 28 foEs 6374
i . fxEs 69
3Bs 2o h'Es 110
300 e Fs type £l
TR fbEs SHAA
200 2Ee ToFl T
h'F A
100 h'F2
foF2 A
4 4 4 £x1 A
fmin fhEs fxEs
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fbEs - 4

Cﬁg) Observation : The ¢ type Es is observed both the components of which

are clearly separated. foEs (2.8 MHz) is lower than foE

(3-15 MHz). No Fi layer is observed.

Interpretacion : This § type Es blankets the lower part of the normal
E layer. In order to express that foEs is less than foE,
both the numerical values of foEs and fbEs are accompanied
by the letter G. 7

fbEs = (fbEs)G = 22¢
Comment :

In the case where fmin of § type Es is equal to or larger than
fwinE, it is interpreted that there is no influence of the Es
layer. Thus, fbEs = G

Observation : The ¢ type Es traces are observed up to the third order

reflection. foEs = 9.7 MHz and fxfs = 10.4 MHz. The F
layer trace

ig blanketed by the ¢ type Es (Total blanketing).

Interpretation : The total blanketing gives us no information of fbEs.

foF2 be approximately 6.5 MHz being inferred
from the sequence of ioncgrams. Since foF2 &.5 MHz) is
much swaller than foEs (9.7 MHz)}, fbEs is scaled with the
qualifying letter A (smaller than) and the descriptive
letter A (affected by Es) as follows:

EbEs = (fols)AA = 9TAA

Assume that

Comment ¢ Tn the case where ftEs is close to the inferred £foF2 and it is

not clear wnether ttEs is foEs or fxFs, foEs has to be decided
firstly and then Case 15 is referred to.

Observation : The ¢ type Es extends up to 7.0 Miz. The lower part of

the F trace is blanketfed by this Es layer. Severe inter—

ference masks all traces from 7.0 Mz to 8.3 Miz.

laterpretation In this ionogram it is not clear whether ftEs is foEs

or fxEs. If £0F2 inferred from the sequence of ionograms

is considered to be in the band of interference,

fbEs = foEs = {(ftEs)DS = TODS

Observation : The f type Es traces are observed up to the fourth order

reflection. frEs = 6.9 MHz. The F trace is of the secend

order reflection.

Interpreration : The first order reflection from the F layer is not

recorded owing to the blanketing by the Es layver (dotted

lines). Since fbEg should be sczlied from the second order

reflection, the recorded ¥ trace is ignored.

fbEs = (top frequency of 2Es)AA = SLAA
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fbEs - 5

&)

Only the extrasordinary component of Es trace is

3 T 23
fmin fhEs besioEs

observed fmin 1T7ES
102 3 L 5 6 7 8 9 10 11MHz fob S
hkm | | | n'E S
00 - foEs 1778
5 / / fxEs 23
200 -2 § v / n'Es s
N Es type hl
noo Lt T fbls 1788
’g 1 mE=TI fOFl
. N h'F 235
100 | n'Fe
ToF?e 36
Al A £xT
fmin fx¥s foF2
Overlapping of the F layer and Xs layer [(second order
@E@ reflection) traces makes difficult the scaling of fbEe | fmin 1k
g;ﬁ// ol
h'E
Loo [HES ] foEs 2874
fxEs 3h
300 SEg h'Es 100
V4 Es type L
fhls 25UA
200 £E =] foF1
h'F 20CA
100 htpe
foF2z2 TL
A 4 fxT 77X
fmin fbhEs fxEs
Twe types of Es are observed
fmin 15
foE 350
] ) h'E 115A
hoo i// foks L8
\\*: / fxks sl
300 h'Es 1ho
Ts+h Es type hifl
200 . > ibﬁi tgvA
e e}
A h'F A
100 S h'F2 305
Ao foF? 61
Imin beEOESf%beESL_fOES xT
Two types of Es are observed (Mutual blanketing '
between Es lavers) fmin 16
fob 310UA
] ] h'E A
100 fols 56
// fxEs 62
300 ks ] h1Es 115
f!f“““”' Es type cl1£3
fbEs 3
200 +2Es He=c fOF1 L(41)
) ¥ h'F 240EA
100 e = hi'F2 270
foF2 6l
" 44 4 4 xI
folis
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fbEs-5

Observation : No trace is seen below 1.7 MHz owing to the interference.
The trace im the E region seems to be the extracrdinary
component of h type Es. fxEs = 2.3 MHz.

There is a weak rerardation in the low frequency part of the
F trace.

Interpretation : This kind of ionogram appears frequently around
sunrise or sunset. Traces of the normal E layer and of
the ordinary component of h type Es (doctted lines) are
masked by the ingerference. Same interpretation as Case 3
is appropriare.

fbEs = (fmin)ES = 17ES

®

Observation : The £ type Es traces are recorded up to the fourth order
reflection. fofls = 2.8 MHz. Lower part of F trace is
apparantly merged into the Es layer second order reflection
at the height of 200 km.

Interpretation : This kind of ionogram appears frequently when the Es
activicy is high. In this Case, the reference to the
second order reflection of the F layer would be helpful in
identifying fbEs, as shown in the figure. Since, however,
the numerical value is doubtful, the qualifying lerter O
is used.

thEs = 25UA

Comment : Even in the case where the second order reflection cannot
be utilized, the approximate values of fbEs can be decided
often by referring to the width of each trace and the sequence

of ionograms.

Observation : foEs of h type Es at 140 km is 4.8 MHz, while folls of
type Es is 3.0 MHz. The Fl laver is blanketed by the h type
Es.

Interpretation : fhEs is scaled for each type of Es. Since f£bEs is
the blanketing frequency for.the layver seen through the Es
layer, two values of fbEs corresponding te h and § type Es
traces wust be obrained independencly from the F and E
layer traces respectively. Larger value of fbEs for h
type Es is tabulated first as the representative value.

fbEs = 45 (h type)
fbEs 23G (% type; the lecrer G is attached

because foEs < foE).

®

Observation ¢ Both ¢ type Es (foEs = 5.6 MHz) and § type Es (foEs =
4.0 MHz) are affecting the upper layers respectively.
Interpretatcion : £bEs for c type is 3.4 MHz, while fbEs for § type Es
which blankets the normal E layer is 3.1 MH=z,
fbEs = 34 (for ¢ type)
fbEs = 31 (for £ typei

65




Note

66



@ Definition :
- foFl is the ordinary wave critical frequency of the Fl layer.

Acecording to the magneto-ionic theory, the frequency separation
hetween the ordinary and extraordinary mode traces is equal to abouil
fR/2, where fB is the gyro-frequency (the frequency at which the

. electrons gyrate around the geomagnetic field). The value of fB varies
| depending on the location of the station and the ionospheric height
concerned. In middle latitudes, it is about 1.2 MHz.

The Fl layer is formed during the daytime mainly in summer at
heights above about 150 km. foFl varies from 4 to 6 MHz with the
golar zenith angle in midlatitudes.

This layer sometimes appears in a complicated way under the
influence of other stratifications (e.g. PID: Travelling Ionospheric
Disturbance). TIn addition, it tends to be more stable in the diurnal
variation, in contrast to the large depression of the F2 layer during
the geomagnetic storm.

@ Scaling accuracy

foFl is scaled at the accuracy of 0.1 MHz {e.g. 4.5 MHz).

A Indicaticn cof scaled value

foFl is expressed by a numerical value with or without letters,
or only a letter.
(Examples)
L, =—- The numerical value cannot be obtained due to the lack of
clear cusp.
458 ——- 8 is the descriptive letter (interference).
UYEUH ww— U is the qualifying letter (doubtful), and 0 is the descriptive

letter which indicates the influence of a different stratification.
@ Notices for scaling

1. The Fl layer is not observed throughout the year in the daytime.
Therefore foFl is scaled only when the formaticon of Fl layer is recorded
on the ionogram. When the ¥l layer is not observed, the columns in the
table should be left open for the parameters M{3000)}FL and h'F2 as well
as for fo¥Fl.

2. In the case where such a transient stratification as the F0.5 layer
ig observed in the vicinity of h'F, the value of foFl is noct necessarily
gealed with the letter H {see B.H. 1p.20).

3. The short-lived traces like a transient layer or a oblique reflection
should be neglected in scaling.

k. The value of foFl is closely linked with foF at midlatitude.
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A typical daytime ionogram showing incidence of F1

layver fmin 20
12 3y 8 10 11M foB 320
km I T/ 9 1Mz h'E 110
400 foEs 35EG
h'F2 fxEs
300 h'Es et
s type
500 \///f,,_ h'[F bEs 35EG
il foFl L6
P h'F 210
100 h'F2 340
foF2 66
X 4 £x1
fmin ol foFl foFz
4 typical daytime ionogram showing no incidence .
of Pl laver fmin 15
fobk 250
n'E 110
0o - foEs OSEG
}/ fxEs
300 : h'Es G
L BEs t
ype
200 s SN w“"@ff B TbEs 25EG
foFl
h'w 215
100 “”) - h'F2
fol2 65
b | 4 4 £xI
fmin foRE foFe
9 The stratification in the F region is not
sufficient - frin 15
/) fol 280
h'E 105
}
100 foEs o
T 1
P Tih o fxFs L&
300 / h'Es 120
S g Es type el
200 foEs 30
J foFl L(L8)
] ?& i h'F 230
100 hYFD L
foF2
Ll ; b for 68
fmin ok FoFl foF?2
The cusp at foFl is not fully developed fmin 18
fol 300
J ’ h'E 1190
hoo T foks G
A / fxEs
300 P it h'Es G
\m/// h'F Es type
T o fbEsg G
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L ,) h'F 230
100 h'rz 315
foFe 65
4 b 4 £xI
fmin foFl foFz2
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foF1 —1

Observation : This is a typical daytime ionegram in summer, although
o Es trace is recorded. The E, F1 and ¥2 layers are fully
stratified.

Interpretation Since well-shaped cusps are seen at the critical

frequencies of the Fl layer, foFl can be scaled with a
sufficient accuracy required by the aceuracy rules.

foFl = 46

Observation : The retardakion at 6.5 Miz corresponds to foF2. No

Fl trace is observed in this ionogram.

Interpretation : The F1 layer is observed only in the daytime except
during 1 - 2 hours around sunrise or sunset. It cannot be
observed in wintertime at higher mid-latitude stations.

Comment : The formaticn of the F1 layer is recognized by the change

in curvature of the F region trace in the frequency range of

about 3 - 6 MHz.

Chservation : The change 1n curvature due to the FlL layer is observed

near 5 MHz. The Es trace is of ¢ type.

Interpretacion 3 The Fl layer is not fully formed. Sinece no clear
cusp is observed between the Fl and the F2 traces, foFl is
expressed only by the descriptive letter.

foFl = L(48)

Comment When only the letter L is applied, it is recommended to
infer the approximate value of foFl (4.8 MHz for this Case)
from the monthly trend and to put it in the column of the
scaling table. The letter L should be plotted at the place of

the inferred frequency on the f-plot sheet.

Observation : foFl is scaled from the cusp at about 4.3 Miz, although
it is neither typical nor clear. The FZ layer trace has
horizontal parts which make easy in reducing h'FZ,

Interpretation : The typical cusp as shown in dotted curve is expectad

from the well-developed Fl stracification. In cases
whete the degree of the cusp is equal te or less than
this Case, the qualifying letter U is used with the
déscripcive letter L.

foFl = (foFL)UL = L3uL

Comment : When the shape of the ordinary and extraordinary wave

traces is different from each other, the use of H insteazd of [ is

recommended as in the right: (foF1)UH
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1

®

Total blanketing by the Es layer

fmin 18
foE 315
. T2 3 b 5 6 7 & 9 10 11MiHz L'E 710
k00 ~ foks THTA
3Es £xBs 80
300 h'Es 115
Es type c3
CES~—— fbEs TUAA
200 folfi A
h'F A
100 = h'F2 A
fol'2 A
4 4 4 £xI
fmin ok fxEsg
Lower part of traces is missing due to the )
absorption fmin 50
fokE B
. h'E B
400 i foEs S50EB
. fxEs
300 /i/ h'Es B
allsorption __,-—«wﬁf:_h'Fg Es type
fbEs S50ER
=200 fOF1 B
h'F B
100 h'F2 250
foF2 T2R
4 xT
fmin ToF2
(2) The F1 layer is not observed being blanketed by the
Es layer fmin 18
folE A
‘ , h'E A
koo / foEs T2TA
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300 % h'Es 100
Es type L2
500 258 FHEs u5
foFi h5uUA
Bs=-4 n'¥ A
100 h'F2 300
! i bl fore o3
fmin ibEs fokFz fxEs
The F region traces show the spreading fmin 16
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BN Ff h'E 105
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' . fxFs 62
300 h'r h'Es 120
Es type cl
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200 foFl kar
h'F 220
100 h'F2 315
foF2 60F
bL b A 4 £xI 69
fmin foRE foFl fxEs
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T T
Observation : Only the multiple reflections of the ¢ type Es extendiag
up to 8.0 MHz are recorded in the frequency range where the

F layer echoes are expected.
Inzerpretation : Iz is interpreted thatr the F layer trace is totally
blankeced by the ¢ type Es. A1l the parameters for the

¥ region are expressed by the letter A. foFl = A

Comment This figure shows an example in

which the blanketing takes place in
the fregquency range below 5 MHz. Oniy
the parameters for the Tl layer are

expressed by the lecter A. foFl = A

B

5.0

Observation : Ho trace is observed at all below 5.0 MH=z. In additiom
the traces near the critical frequencies of the F2 laver are
weaker than usual.

Interpretation : The cause of the disappearance of the trace below

5.0 MHz should be examined. When the cause is ascribed
to absorption, little interference is recorded. When
the cause arises from the interference, the influence
would be seen over the whole part of the height range.

This case is considered to be due to the absorpiion.

foFl = B

Observation : The £ type Es having up to the secoad order reflection
is ocbserved, £xEs = 7.8 MHz. Neither ¥l nor E layer traces
are recorded.

Interpretation : The traces below 4.5 MHz are blanketed by the £ type
Es. Since the retardation at the low end of the F2
trace is clear, the value of foFl can be deduced. The
numerical value is accompanied by the letter UA.

foF1 = (fbEs)UA = LSUA

Comment : For both the ordinary and extraordinary components, the

Observation : The spreading of the Fl and F2 traces is observed. The
c type EBs is also seen.
Interprecation : The spreading of the Fl trace in the mid-laritudes is
occasionally associared with ionosvheric disturbances.

The descriptive letter F stands for the presence of spread

echoes.
foFl = (foFl)}F=klF
For a doubtful wvalue of foFl, fofFl = (foFl)UF.

width of the spreading along the frequency axis should be scaled
and entered in the rematks column {e.g. 41 - 43 and 47 -~ 49 for

this Case), for convenience of plorting in the f-plot sheet.
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1
The cusps by another stratification than the regular

one are seen in the Fl traces fmin 21
102 3 B 5 & 7T |8 9 10 1lMiz fol 325
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foF1-3

Observation : There are two cusps at L.3 MHz and 4.7 MHz {foFL)
in the ordinary wave trace (L.9 MHz and 5.3 MHz for the
extraordinary wave trace). Es is of the h type.

Interpretation : This kind of small cusp which seems to be caused by

the oblique reflection or the TID tends to appear in the

vicinity of toF2 and move to the lower frequency range
with the passage of time. The incidence of the cusp in
upper frequency range of Fl trace is expressed by marking
the mumerical value with the letters UH, depending on the
aceuracy . fofl = (foFl)UH = LTUH

Comment : When the cusp appears at the lower frequency range of the
Fl trace, there would be ne direct influence on foFl, bui on h'F.
Therefore, only h'F is indicated with the letter H.

Observation : The shapes of the ordinary and extraordinary components
of the Fl trace are different from each other. In addition, the
F2 extraordinary wave trace shows a branch trace near the
erigical frequency.
Interpretacion : The slant reflection causes the discrepancy in the
shape of two component traces. Since it is interpreted
that foFl is doubtful, foFl is expressed in a numerical
value accompaniéd by the qualifying letter U and the
descriptive letter H.

£0FL = (foFL)UH = Lhug

Observartion : Upper parts (dotted_curves) of the Fl1 and ¥2 layer traces
disappear. The trace in the E region is only the £ type Es.
Interpretation : The missing part of the trace is considered to suffer
from the deviative zbsorptien (letter R}. Since the
deviative absorption increases with the frequency, the
trace may weaken with increasing frequency.
Depending on the frequency gap of the missing part, the
scaling of foFl based on the accuracy rules is made.
foFl = (foF1)R, (foFl)UR, (upper end of trace)DR,
or only the letter R.
In this case, foFl = 46R.

Observation No trace is recorded in the frequency range from 3.2 Miz
to 4.6 MHz. The lower part of the F2 trace suffers from the
retardation.

Incerprevation : This is a typical example of the Fl Lacuna. Since

the ionogram is obtained in the daytime, the trace in the
E region is of the nermal E layer and foE is inferred from
the mean diurnal trend to a certain degree. foFl can be
scaled frem the retardation at the lower end of F2 trace
with some ambiguity. Therefore it is expressad with the
qualifying letter U (doubrful) and the descriptive letter
Y {Lacuna)
foFL = {fminFJUY = LEUY

Comment The Fl Lacuna,which extends from the normal E layer region
up to the highest part of the Fl layer in this Case, is charac-
terized by sudden disappearance of traces on the icvnogram (as
for the details of Lacuna, see R.H. pp.53 ~ 57.)
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@ pefinition :
The virtual height of the F laver, h'F, is defined as the lowast

virtual height ¢f the F layer ordinary wave trace.
Tn the daytime the F layer is offen doubly stratified into the

¥l and T2 layers (Fig.a), while in the nighttime these two layers
unite into one (Fig.b).
e As h'F is always the lowest virtual height of any trace

recorded in the F region, h'F = h'Fl in the daytime.

Z F layer
Fl laye h'F2
~<~h'F
G i 'F
aneg/Jq%h'E
Fig. aldaytime) Fig. b{nighttime)

@ Scaling accuracy :

h'F is scaled with an accuracy of 5 km (e.g. 210 km or 255 km).

@ Indication of the scaled value

h'F is expressed by the numerical value with or without letters,

or only the letter.

(Examples)
A ——— No F layer trace is seen being blanketed by the Es layer,
250EA -~— E is a qualifying letter (less than), and A is a descriptive

letter.

@ Notices for scaling

1. h'F should be scaled even when the Fl layer is not observed in
the daytime.
2. h'F is scaled from the horizontal part of the lowest major stratifi-

cation in the F region. When the horizontal part is lost by Es blanketing
B or other reasons, h'F is expresged with a letier describing the reason.
3. The cross-reference to a sequence of ionograms obtainea before and
after the time in question usually helps to identify and scale some

complicated trace including muitiple Es reflections or slant echoes.
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4

Total blanketing by the Es layer

fmin 16
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6bservacion : The ¢ ctype Es having multiple reflections extends up to
8.6 MHz. The F layer trace is not observed {(Total blankecing}.

Interpretation : This kind of ioncgram is frequently seea in the
summertime (May - July) when Es activicy is high. It is
interpreted that the F layer trace is blanketed by the ¢
type Es. All the parameters concerning the F layer are
expressed by the letter A.

h'F = A
Comment In the case where only the Fl layer is

F2 13?EEZL/ blanketed as in the left figure,

h'®? and foF2Z can be scaled, whereas

h'F = A and foFl = A.
Y RS
& T &
foE f£fbEs foF2

Observation : The £ type Es traces with multiple reflections are
cbserved. foEs = 6.9 MHz. Lower end of the F trace merges
into the Es trace.

Interpretacioan : The pattern like this case is frequently seen just
before and after sunset. Careful examination of the width
or glope of traces is helpful for discrimination between
the ¥ and Es traces. h'F is scaled with the letter A or
lerrers UA, depending on the error invelved in the scaled
value.

h'F = 2004 or h'F = 200UA
Comment : The interpretation described above is also valid for the

scaling of h'F2.

Observation : The T trace below 3.7 MHz is blanketed by the f type Es.
The lower part of the ¥ trace is not horizontal.
fbEs = 3.7 MHz.

Interprecation : Though this Case 1is similar to Case 2,it is very easy
to discern the F trace from the second order reflection of
the Es layer. h'F in this Case ig expressed with the
qualifying letrer E (less than) and the descriptive letter A.

h'F = (h'T)EA = 220E4
If the slope of the lower end of the F trace is more
steep, h'F = A is more appropriate,

Comment ¢ In the lefr figure, it can be inter-

F2 reflectipn preted that h'F is affected by the
ot Es even when there is a gap between
-.-.——-—-----—-----] ]
;' fminF and fofs, h'F = &
foEs™~fminF
Cbservation : The trace seen at the height of 120 km is of the ¢ type

Es. The Fl trace is not observed helow 3.8 MHz,
Interpretation : If there were no influence of the Ez layer, the Fl
trace would be observed as the dotted curve. Since the
slope of the Fl trace is steep, h'F is expressed only by
the letter.
h'F = A
If the slope of the trace is more moderate as seen

from the dotted curve at around 3.6 MHz, h'F = 250FEA.
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®

The trace partly di

sappears owing to the absorption
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¥

Obgervation 3 Neither the trace nor the interference is observed in the

frequency range below 4.3 MHz, fmin = 4.3 MHz

Interpretation : The cause of high fmin would be absorption. The

Comment

slope of the Fl trace is so steep that h'¥F should be ex~
pressed only by the letter.
h'F = B (Absorption)

In the case where no trace is observed at all due to the
strong absorption, the letter B is uséd for all parameters
except Is type. Generally, it is important to identify the
cause of no trace and then to select a suitable letter

corresponding to the cause.

Observation : A typical nighttime ionogram. The F trace is observed

from the lowest frequency limit (1.0 MHz) of the ionosonde.

Interpretation ; Since the trace is not horizontal at the lowest limit

Comment

of frequency, h'F is expressed by the numerical value with
the qualifying letter E (less than) and the descriptive
letter E (below the lowest frequency).
h'F = (h'F)EE = 240EE
When a gap is observed between the
lowest limit of frequency and the lower
,/// end of the F trace as shown in left
22Q_ -— p'F figure, it is usually caused by the
absorption.
1.0 R'F = 220ER {or only the letter}

Observation : The trace is missing between 3.0 and 3.9 MHz. No Es

layer is observed.

Interpretation : The trace within the frequency band is considered to

be influenced by a defect in the ionosonde (L) or
interference {(5). The influence will usually extend over

the full height range (0 — 500 km in this figure). Depending
on the slope of the lowest part of the Fl layer ordinary

wave trace, h'F is scaled as

h'F=2¢, h'F = (h'F)EC or h'F = (h'F)C.

Observation : Small cusps are seen in the lower part of the Fl layer

traces (3.1 and 3.7 MHz). The Es layer is of the ¢ type.

Interpretation : The appearance of an abrormal stratification usually

Comment

influences the paraweters of the normal layer. Therefore,
since the numerical value is doubtful, it is expressed with
the letters UH.

n'F = (h'F)UH = 205UH
The trace separated from the Fl trace as
shown in the left figure is not treated as

the F layer trace, but a transient trace in

7
the E region.
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h'F -3

1

Oblique reflections are observed X
fmin 15
1 1‘/&/5 6 7 8 9 10 1IMHz i?g
m T
L0o 2 e ‘jjj £oEs 60TA
fxEs 66
F+hs
300 E cal /7 h'Es 110
Bs type £o
B e TbEs o7
foFl
h'F 200 D
100 h'v2
foF2 52
b $ 4 4 =l 58%
min fbrs foF2 TxhEs
7l traces are very obscured (F1 Lacuna) fmin 18
| ! foE Y
| | h'E 105
400 i [ ’ foEs G
i B / Txlig
co AN p h'Es G
? 1 BT R o= =L Es type
| [ fbls G
200 .
| Lacuna | Tol'l Weuy
2 [ h'F ¥
100 SSa l E h'F2 275
foF2 70 :
é I l j‘ f x I —
fmin foF2”
Es layer second order reflection is almort
conjunctive to the Fl trace fmin 13
°F / | foll 290
L0o 38s ;:L// h'E 110
Wy, foEs 39
/\7& < n'Fe TxEs I
300 QES\ / 7 h'Es 115
I g G Es type o301
200 %} fbEs 3G
FfbEs foF1 Lo
V) S N n'w 230EA
100 h'F2 350
folf2
b M4 4 i fof &
fmin foFE foEs fofFl fofe
- . . w
The echo spreading is seen in the F trace fmin 16
fok
h'E
Loo fols 16EB
fxlsg
300 h'Es B
N Es type
N AT AN fbEs 16EB
] kA
200 foFl
h'F 215Q
100 h'¥2
foF2 65F
A A rxI T1
fmin folF2
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h'F-3

Observarcion : A nighttime ionogram. The T traces other than the
regular F traces with the second order reflection are observed
at 210 km. Hultiple reflections of the f type Es are also
recorded.
Interprecation : The trace seen at 210 kw is an oblique reflection
which appears with the passage of a slant layer. When the

vertical and oblique reflections are observed simul-
taneously at almost same height, it gives much confusion
in the scaling. The cross-reference to the multiple
reflection and the critical frequency as well as seguence of
ionograms usually helps in scaling parameters.
h'F = 200
Comment Attention should be paid to an oblique echo stronger than
the normal one. ’

Observation : In the frequency range from 3.2 to 4.7 MHz, the normal
E and Fl traces are very weak.
Interpretation : This is the typical Fl Lacuna. The stronger the
Lacuna effect, the more the Fl trace becomes weak. h'F is

expressed only by the descriptive letter Y.

h'F = ¥
Comment : As for Lacuna, refer te Case 12 of foFl,
Observation : Two kinds of Es trace are observed. Multiple re-

flections of both ¢ type Es and Fl lavers are recorded.
foEs = 3.9 MHz (c type) f0Es = 2.3 MHz (& type).

Interpretation : The Es second order reflection seems to be connected

to the lower part of the Fl trace at 3.9 MHz (230 km in

height). Careful examination of traces including multiple

reflections is effective for aveoiding misinterpretation.

In this Case the Fl trace starts from 3.9 MHz and h'F would

be lower than 230 km.

h'F = (R'F)EA = 230EA

Observation : Both types of echo spreading are observed on this
ionogram; one is the range type (the trace extends in the
direction of the height) and the other is the frequency type
(see Cases 17, 18 and 20 of foF2).

Interprecation : If the width of the trace near h'F exceeds 30 km it is
regarded as the range type spreading and the descriptive
letter § is applied to the wvirtual heighc. Whether
h'F = (h'F)Q or h'F = (H'F}iQ depends on the sharpness
of the lower edge.

h'F = 215Q

g1
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h'F2

o @Definition :
h'F2 is the minimum virtual height of the ordinary wave component of

the highest stable stratification in the F region.

1 layer | ) -+

E layer
wmded W E
4 4 4
foE foFl fol2

@Scaling accuracy :

h'F2 is scaled at the accuracy of 5 km (e.g. 300 km or 305 km).

@Indication of scaled value :

h'F2 is expressed either by a numerical value with or without letters,

or only by a letter.

{Examples)

A ~-—— expresses the presence of the blanketing effect of the
Es layer.

L --- as the descriptive letter, indicates that the foFl cusp
is so smooth that the F2 layer height cannot be reduced
accurately.

310EC -—- The numerical value is affected by some instrumental

reasons (C), and h'F2 should have a lower value (E) than
310 km.

@Notices for scaling

1. When the stratification of the Fl layer is not observed, the column of
h'F2 in the table is kept open.

2. h'F2 is scaled from the horizontal part of the F2 layer ordinary wave
trace. When the horizontal part of the F2 trace is lost by some
reason, a letter appropriate tec express the reason is used according
to the accuracy rules as written on pp.l1l ~ 12,

3. When the F2 trace extends down to the Fl trace without having the
horizontal part at its lower end, the letter L is used. In this case,
it is recommended to write an approximate range of height in the

remarks column of the table.
4. Almost the same rules of scaling for h'F are applicable to h'Fo.
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h'F2 —1

@

Fo F1 layer is observed {Daytime)

fmin 1h
12 3 ) 6 8 10 fok 225
. : 5 j7 ) g 11MHz h1E 110
£00 ; / folis 23EG
| 1
300 ' // ?Ei a
i _,,:—/—f‘“'/'y Es type
00 e i s fbEs 23EG
t foFl
Y, : h'F 220
100 =] : h'F2
foF? 68
é $ % @ fxI
frmin fokl foFl foF2
(:) The formation of the Fl1 layer is not enough .
fmin 17
ok 265
1 } ) h'E 110
100 7 fols 278G
&&41/ fxEs
300 Vﬂ -j{_ h’FQ h‘ES G
-{//)/ Es type
Ny fbEs 278G
200 I foFl L
) h'F 205
100 ‘“““) h'F2 T
foF2 &8
Al b } b £x1
fmin foR foFl fol2
The cusp at foFl is not fully developed
fmin 16
/ / FOE ks
h'E 110
Lgo k/ﬁ// foBs Lo
/‘; -t Ee fxEs T
300 i/ h'Es 115
ﬁ’,ii ) Es type cl
200 = =l fbEs D5EG
foFl nL{Ll)
100 +—=1 e by &1y
h'F2 1,
folz
pld x A e 7
fmin foR fobs foF2
o F2 trace is observed (G condition) .
fmin 21
ol 330
h'E 110
Tols] foEs Lo
/ fxEs 18
300 / h'Es 130
Es type cl
o ' F ThEs 33EG
200 foFl Ly
ff“““:“““ h'F 225
100 — h'F2 G
fol2 e
A A A xI

fmin ToE foFl
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WF2 -1

Observarion : A daytime ionogram. The normal E layer is seen while

the Tl layver is not observed.

Interpretation : foFl cusp is usually expected nmear rhe frequency shoun

by the dotred linme. But since no Tl layer is developed
in this ionogram, columns for foFl and h'F2 in the table

are kept open.

Comment A transient laver which looks like the ¥l trace somerimes
appears at around sunrise or sunset. This kind of laver wvaries
so fairly rapidly with time so that it is easily distinguished from
the normail Fl layar. The occurrence of a transient layer is
expressed by the descriptive letter H attached to h'F.

(}g) Observarion : The ¥l laver 1s not so fully developed as ro be able to
scale h'F2.

Intarpretation : Although the F2 trace has no horizontal part, foFl may
be inferred as 4.8 MHz with a considerable error from both
the iconogram and the monthly mean value for the hour.

Since both h'T2 and foFl are doubtful, the letter L is to
be used.
h'F2 = L and £oFL = L
Comment : When h'F2 is scaled as L, it is preferable to remark a probalbe
range of height (from 270 to 315 km as shown by the mark I in the
figure} in the table for convenience of the h'-plot.
(:é;) Observation 3 The Fl layer is observed while the lower part of the F2
trace is not horizontal.
Interpretation : The scaling of h'F2 and foFl is much easier than that

in Case 2. foFl would be in the vicinicy of 4.4 MH=z.
According to the accuracy rules, h'F2 is expressed either
with the qualifying letter U (doubtful) and the descriptive

letter L or with only the letter L for more developed Fl

layer.
h!'F2 = (R'F2)UL = 330UL or
h'F2 = (h'F2)L = 330L

not recordad. foFl = 4.4 MHz. The Es trace is of ¢ type.

Observation : The Fl trace is clearly observed while the F2 trace is

Interpretation : This kind of ionvgram is often observed during the

Comment

ionospheric disturbance associated with the geomagnetic
storm, when foF2 decreases and h'F2 increases often in the
morning as a typical case. Sinece this Case 1s interpreted
that foF2 is equal to or smaller rhan foFl, the leatter G
is used (see Case 5 of foFZ).
h'FZ = G
y This Case 1s a developed stage having 2
F2  ower foF2 and higher h'F2 than in the left
figure. In the interpretation of ionogram
- 71 like this Case, there is also a case where the
adoption of R may be more appropriate.
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hF2-2

b

®

The ¥l trace is blanketed and the lower par:t of the

F2 trace is almost horizontal fmin 17
12 3 L s 6 Jr) 8 9 10 1z | 9P 295
km h'E 110
400 /, foEs TLIA
— i T fxEs 77
300 h'Es 115
Ohg Es type c?2
200 ' fbEs 54
foll
e Lo
100 h!'F2 330
fof2 6
Al 4 4 o & £x1 7
fmin foR fbEs foF2 fxEs
6 The lower ¥ region is not observed owing to the
absorption ' fmin L8
fok B
Lo j £ i 5
0 fol L8EB
y Qs
| = £xEs
300 T __=arh'Fe h'Es B
] Es type
00 absorption fbls L88B
foFl B
h'F B
100 h'F2 315EB
\ \ foF2 67
xT
fmin foF2
(:) ¥ region traces in a frequency band are lost by the
interference .
l I fmin 21
/ £OR 335
400 | | p h'E 110
| w1 L2 fols Lo
FI 2| pl=n'r2 fxEs 46DS
300 //l 27 ‘ h'Es 150
e Es type hl
o
200 B (0 - A fbEs 3LEG
J\.,.,_\m! 5l 'l foFl 45
(D t -
— | | h'F 220
100 i | ) 3LOES
foF2
b L4 by L | 4 e o
fmin FoE popg—ToF1 PoF2
The F2 trace seems to be present bevond the upper
limit of the height range fmin 19
foE 325
// h'E 1ic
koo / / foEs 33EG
TxEs
300 A h'Es G
f{#f( Es type
o] gl ['F fbEs 33EC
200 foF1l 5100
J J h'F 225
100 . h'F2 W
foF2 W
il 4 i £xT
fmin fol fofl
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h'F2-2

Y

Chservarion : The ¢ type Es exteands up to 7.7 Miz. The F trace below
5.4 Miz is not seen at all.
Interpreration : The F trace below 5.4 MHz is blanketed by the Es layer.
Since the lower part of the F2 trace is horizontal, there

is no difficulry in scaling h'F2,

h'¥2 = 330
Comment h'F2 depends on the slope of the F? trace
: at its lower. end.
L&Lj h'F2 = (h'F2)EA = 330FE4
3 If either the slope is larger than that
B of the trace in the lefr figure or the F2
R R trace is totally blanketed, the letter A
: . is used. 'F2 = A
fbEs B R
Observation : Cnly the F2 trace is observed. There is no trace below
6 4.8 MHz.
Interpretation : The recorded trace is the F2 cone, being judged from
the height and critical frequency. It is considered in

this Case that the lack of lower traces is caused by the
absorption (B) rather than by the defect of the ionosonde
(C} or the interference {($). Since the lower part of the
F2 trace is not horizontal and there exists rather high
absorption, the qualifying letter E (smaller) and the
descriptive letter B should be attached to az numerical
value.
h'F2 = (h'F2)EB = 315EB
Comment When no traces are recorded on the ionogram, the cause of
the lack of traces should be examined. A letter suitable for
the cause is to be used.

Observation : No traces are seen between 4.6 and 6.5 MHz. The Es

trace is of h type foEs = 4.2 MHz.

Interprecation : The t}aces in the central part of the record are lost
owing to the interference. The value of h'F2 is scaled
according to the slope of the F2 trace at its lower end,
being based on the scaling rules as follows:

h'F2 = (h'F2)ES = 340ES

h'F2 = (h'F2)US = 340US

h'¥2 = 340 (The trace is horizontal)

h'F2

i

S (The slope of the trace is steep)

Observation : The F2 trace can not be identified within the maximum

height limit of record. foFl = 5.1 MHz.

Interpretation : When the existence of the F2 trace in a height above
the maximum height is inferred from the reference to the
sequence of records, the descriptive letter W is used.

h'F2 =W
The maximum height of the ordinary ionogram is about
800 ~ 1000 km.
Comment Attention should be paid to the difference between the G
condition as illustrated in Case 4 and the W condition in this

Case.
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fok¥2

@ Definition :

foF2 1s the ordinary wave critical frequency of the highest
stratification in the F region. This definition, however, is not valid
for the case where foF2 decreased down to a value less than foFl, known
as the G condition which sometimes occurs during the geomagnetic storm.
foF2 is the most important parameters for telecommunication applications.
According to the magneto-ionic theory, the frequency separation between
the crdinary and extraordinary mode traces is equal to about fB/2, where fB
is the gyro-frequency (the frequency at which the electrons gyrate around
the geomagnetic field). The value of fB varies depending on the location
of the station and the ionospheric height concerned. In middle latitudes,

it is about 1.2 MHsz.

@ Secaling accuracy

foF2 is scaled at the accuracy of 0.1 MHz {e.g. 8.2 Muz).

@ Indication of scaled value :

foF2 is expressed either by the numerical value and/or the letters,

{examples)

5 ~—~ The numerical value cannot be obtained owing to the
interference.
628 e~ There exists the interference not affecting the accuracy

of the numerical wvalue.
62US —=~ The numerical value is affected by the interference.

U is the qualifying letter (doubtful).

@ Notices for scaling

A transient layer which sometimes appears near foFf2 is usually
associated with the travelling ionospheric disturbances. Tn scaling
such a layer, the cross-reference to a sequence of ionocgrams obtained
before and after the time concerned is ususlly very helpful.

fol2 must not be scaled from the obligue reflection trace.

The reference to the accuracy rules (pp. 3 - 4) is particularly
desirable in scaling foF2.

The rules to be applied when foF2 is scaled by extrapolation are
summarized on the following pages. See R.H. PP. 35 -~ 39 for more
details as well.

The scaling rules of the spread echoes are given in detail on
op. 58 ~ 63 (Definition of spread F types) and pp. 75 - 78 (letter F) of
R.H.
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iExtrapolation

In the case where the trace near the critical frequency is not clearly
recorded owing to the interference, defect of the ionosende or some
ionospheric reasons (e.g. absorption or scattering), it is recommended to
obtain the most reliable value of foF2 by extrapolaticn. Extrapolation can
be made by extending hypothetically the traces up to the most probable value
of the critical frequency. Since the accuracy of extrapolated value depends
necegsarily on the amount of extrapolation, the accuracy rules {see pp. 3 - 4)
should be applied to in scaling as described in the following examples.

In order to obtain the most probable value by extrapolation, it is
important to imagine the most typical shape of retardation near the ecritical
frequency. In doing this, cross-reference to the ionograms obtained in

similar conditions is useful, although the shape of the trace is not always

the same.

@ Examples:

Four cases are illustrated to obtain 8.0 MHz of foF2 by extrapolation.

Upper parts of the F trace are assumed to be lost by interference (8) in these

examples, although there are actual cases where R {attennation) may be appropriate.
An ™ @ " in the explanation of figures denotes the percentage of extrapolated

part relative to 8.0 MHz. The use of the qualifying letter is defined in

the accuracy rules.
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@ The highest frequency of the trace recorded is

7.9 MHz. The extrapolated frequency range
(0.1 MHz) is less than 27 of 8.0 MH=z. The
descriptive letter § is attached to the numeri-

cal value.

foF2 = 808

The highest fregquency of the trace recorded is
7.7 MHz. The extrapolated frequency range
(0.3 MHz) is about 4% of 8.0 Miz. Since

2% < a < 5%, the numerical value is followed
by the qualifying letter U (doubtful) and the
descriptive letter S.

foF2 = 80US

The highest frequency of the trace recorded is
7.0 MHz. The extrapolated frequency range
(1.0 MHz) is about 13% of 8.0 MHz. Since

10% < a < 20%, the numerical value is followed
by the qualifying letter D (greater than) and
the descriptive letter S.

foF2 = 70DS8

The highest frequency of the trace recorded is
6.0 MH=z. The extrapolated frequency range

(2 MHz) is 25% of 8.0 MHz. Since a erceeds
20%, only the descriptive letter is used.

foF2 = S
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foF2 —1

1
Mo T2 trace iz observed owing to the blanketing by

the Es laver fmin 16
123 s 6,7 8 9 10 1lMHz i?ﬁ iig
1w ]
Loo J,' foRs TOTA
K fxks 85
300 .z h'Es 115
- Es type c2
oz B
200 fbEs TOAA
S
A
100 T h'F2 A
ToF2 A
% é % $ fxT
fmin Tol folr2 fxEs
Only the extraordinary component is observed 1n the
F region owing to the blanketing by the Es layer fmin 10ER
. fok
1) '
400 ';// foEs 60
35 Z fxEs 66
300 h'Es 115
Es type 3
2Es
200 fbEs H0AA
foli
h'F A
100 h'F2
é ) foF? ggJA
i : : fxI 5%
fmin folis fxEs
Lover part of traces disappears owing to the
absorption P
fmin 53
, fol B
] h'E B
1)
400 // / foEs 73
TxEs 79
300 h'Es 115
- s type 1
absorption e
200 fbEs 73
foFl B
h'E B
100 h1ER A
foF?2 79R
3 4 4 o1
fmin foBs foF2
The upper part of traces disappears abruptly owing
to the defect of the ionosonde fmin 20
i ol 315
h'E 110
Loo ; fols 32EG
| fxEs
300 ; B h'Es G
\wj-f// [fault Es type
500 L fbEs 32EG
: foll 43
', 3 h'F 230
100 | h'F2 295¢
i foF2 ¢
3 A A [ £xI
fmin foll foFl
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foF2-1

3

Observation : The ¢ type Es having the second order reflection extends

up to 5.5 MHz. The F leyer is entirely blanketed by this Es

layer.

Interpretation : A value of foF? predicted from the sequence of ionograms

should be compared with fols, Since the foFf? is smaller than
foEs in this Case, it is considered that the F2 layer is

blanketed by the Es layer. Therefore, the letter A is used.

foF2 = A
Comment As Tor the derivation of foEs from ftEs recorded, see Cases
7 to 16 of foEs.

Chservation The f type BEs is sc intense that it entirely blankets the

ordinary component of the T trace. foEs = 6.0 Mz

Interpretation : The F trace above 6.0 Miz is supposed to be the
extraordinary component, judging from a sequence of
ionograms. The value of foF2 which can be derived from
FxF2 is expressed with the qualifying letter J and the
descriptive letter A.

foF2 = (£xF2 - £B/2)JA = 59JA
Comuent When foF2 derived from f£xF2 is greater than fols, the
descriptive letter A is not appropriate. In such a case, the
use of the letter S or R should be taken inte account depending
on the presence of the interference.
Observation : No trace is recorded below 5.3 MHz. fmin = 5.3 MHz.
Interpretation : There is so intense absorption that fmin is high and
the F2 trace is alse weak.
foF2 = (foF2)R = TR

Comment When only one component of the F2 trace is recorded, the

déecision whether it is the crdinary compenent or not is to be
made by utilizing a sequence of ionograms.
The extraordinary component usually suffers from much more
absorption than the ordinary, ¥hen no trace is recorded at all,
all parameters are expressed by the letter B.
Chservation : The Fl trace is clearly recorded but the traces above
5.5 MBz are lost abruptly.

Interpretation : The disappearance of traces would be caused by the
defect of ionosonde. Therefore, the letter C is appro-
priate.

foF2 = C
Attention should be paid tce the difference between §
(interference) and € conditions.
Comment

The lonogram produced by a malfunctioning icnosonde is not
so simple. For example, the following cases are expected to cccur:
The trace disappears entirely or sometimes partly. 'The background
noise disappears completely. The traces appear intermittently.
The height of traces change irregularly. The frequency or height

markers are not normal.
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foF2 -2

®

Ho F2 trace is recorded (G conditicon)

fmin 20
fok 320
1 2 3 4 6 8 10 11MH
K ! ! 7 1 n'E 110
L0o foEs 37
/ fxEs 43
300 1 h'Es 125
\_//«// Es type cl
f tEs 328G
200 foFl Lo
~ n'F 210
100 h'#2 o
foF2 hoRG
& b 1 rxI
fmin foE fofFfl
foF2 is very clo'sej to foFl Prin 18
JI foll 370
h'E 110
500 foks 51
) height range : 100-600 km fTES o7
100 h'Es 115
/ Es type el
foEs 13
300 / foFl L&
h'F 230FA
200 h'F2 560
foF? e
100 = £x1
fmin fSE foﬁg foEs
UnusuaL‘L cusp by a stratificatiop other than the F2
layer is seen in the F trace (Mighttime) fmin 1 OEE
/ fok
j h'E
100 :f;// foks 10EE
//:; £xEs
300 ://' h'Es E
,@gﬁi Es type
200 fbEs 1OEE
foFl
h'F 220
100 hFR
x A foF2 STH
, xT 63X
fmin foF2 x 3
The cusp by a transient stratification is seen near
the F2 layer critical frequency Lot fmin 16
| ok 300
CUSP~g i n'E 110
Loo foEs hoTA
fi// fx¥s HTS)
%mm& f
300 h'Es 115
{;;/ Es type cl
v fbEs 31
200 - foF1 h3
'F 220
}\\__“_m h'F
100 - h'Fe 315
foF2 TOH
b 4 4 £x1
fmin

ok fxEs fol2
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foF2-2

Observation :

Interpretation : The F2 layer is in the so-called G condition which

Comment

The trace in the F region on this ionogram is not that of
the FZ2 layer tut of the FI layer. foFl = 4.2 WHz,
The Es trace is of ¢ type.

usually occurs during ionospheric disturbances associated
with the geomagnetic storm. It corresponds to the condition
that the electron density in the F2 layer becomes equal to or
lower than that in the Fl layer. fol2 is expressed by the
numerical value of foFl with the gualifying letter E (smalier)
and the descriptive letter G.
foF2 = (foF1)EG = 42EG

Attention should be paid to the following two confusing
cases: One is the case where the P2 trace disappears owing to
either the interference or the attenuation. The other is the
case where the trace cannot be recorded because of its extremely
high virtual height exceeding the limit of height range (see
Case 15). The letter S or R is suitable for the former while
the letter W is suitable for the latter.

Observation

Interpretation : The ionogram like this case is often seen just before

Comment

The F2 trace has a height of 560 km and the F1 trace is
partly absorbed. foFl = 4.6 MHz.

or after the time when the ionogram like Case 5 1is observed.
Attention should be paid to the irend of the virtual height
change which is apt to be overlooked.

foF2 = 47

When foF2 approaches closer to foFl with time, use of
the letter G is usually appropriate. On the other hand, when
the virtual height of the 72 {frace increases with time keep-~
ing some separation of frequency, the letfer W is fto be
applied.

Observation :

Interpretation : Almost all such cusps appear suddenly and vary quickly,

Comment

Nighttime ionogram having an unusual cusp near 4.4 Mz,

The appearance of this kind of stratification usually affectis
the critical frequency and even the virtual height.
Therefore, even when no effect is expected on the accuracy

of scaled value, the letter H should be attached to the
nurerical value.

FoF2 = (foF2)H = 578

In this ionogram, h'P which is not influenced by the
stratification should not be accompanied by the letter H.
In the daytime, attention should be paid not to confuse such
a cusp with foFl.

Observation :

Interpretation : The cusp which appears near foF2 tends to move towards

Comment

Daytime ionogram. An abnormal cusp (appearance of a
stratification) is observed at 7.4 MHz of the F2 layer ordinary
component.

lower frequencies with time. When the transient stratification
influences foF2, the letter H is attached.

ToF2 = (foF2)d = 794

In the left figure, foF2 should be scaled
J from the solid trace in lower freguencies
rather than from the higher thin trace
which might be a transient reflection.

4 foPF2

95



foF2 — 3

©)

The trace near the F2 layer critical frequency is

absorbed fmin 21
W Io2 3 b s 6 T 8 9 10 1M o ;?S_"g
LOo il foEs 31EG
/." % fxEs
300 S e h'Es 4
o —] S’ Es type
" Q fbEs 31EG
200 foFl
S
y J
100 =] hiFD 570
for2 T8UR
$ 4 4 é TxT
fmin foFE foFl fol2
The trace near the F2 layer ecritical frequency is \
masked by the interference fmin 10EE
[ | fok
| : | h'E
LFOO i ~—;..:. i fobks 10EE
I 2 l xEs
2 o h'Es E
30GC 2
4’ h | Es type
vﬂfﬁf o -
e I 5 fbEs 10KE
200 5 foF1
| g ] h'F 210
100 I h'F2
1 1 foF2 33D8
A { |4 I FxI )
fmin foF2
m Upper part of the F2 trace is masked by severe
interference fmin o0
: J foE 315
3| h'E 110
400 | "P/ foEs ity
| fxEs
300 /QQ-\“ < el h'Es 125
Ny | ot | Es type cl
200 5 E fbEs 32EG
| o I foFlL hsUL
N | g} n'F 250
100 R h'F2 300
boe | T o e
fmin foE  foFl foF2 fxF2
A fork-shaped trace is cobserved fmin 16FS
| foR
| Il
400 — / A foFs 16ES
£ / ks <
300 + 3+ ~ h'Es
S’k‘””wd Es type fos
= fbEs 168
200 184 foFl
o | h'F 250
100 i h'F2
foF2 LLv
(L £xI 51X
fmin fToF2 TxP2
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foF2-3

Observation

Inteypretation

Comment

the F region increases as the retardation does.

true for the Fl and E traces.

Uppermost parts of the F2 trace are not recorded.
The cusp of foFl is not clear, while the normal E layer is

clear.
It is interpreted that both components of the F2 trace

are weakened by the attenuation (R) near 7.4 and 7.7 MHz
respectively. Since foF2 extrapolated by extending the
trace as dotted curve differs roughly 54 from the-top
frequency reccrded (7.4 MHz), the gualifying letrer U is
used.

foF2 = (foF2)UR = 78UR
The attenuation {correctly, the deviative absorptien) in
This is also

@)

Chservation

Interpretation ¢

Nighttime Zonogram in which the F trace is observed from
1.0 MHz. No trace., however. is recorded in the frecuencv
range above 3.3 Miz owing to the interference.

The value of foF2 is obtained by assuming the shape of
trace as the dotted curve {extrapolation). Then an
appropriate qualifying letter is looked for depending on
the quantity extrapolated. Since the quantity
(4.1 - 3.3 = 0.8 MHz) does not exceed 207 of foF2 (4.1 Miz)

in this case, the letter T is appropriate according to the

accuracy rules of extrapolation.
foF2 = (Upper limit of observarion) DS = 33DS

I1f the quantity exceeds 20%, only the descriptive lettey is

used.
foF2 = §
Comment As for the accuracy rules of extrapclation, see Pp. 90-03
of this Manual.
Observation The traces in the frequency range from 6.5 to 7.7 MHz are

Interpretation :

not clear, while the traces of the normal E and the ¥1 layers
are clearly obsarved.

The traces are obscured by the interference (S).
Since the extraordinary compopent of the F2 trace is seen,
foF2 is deduced from ic. Therefore, the letters J and &

should be used.
foF2 = {fxF2 - fB/2)J8 = 77J8

W)

Observation
Interpretation :

Conment

A fork-shaped ¥2 trace is observed.

It is easily understood that the F trace consists of
two pairs of the ordinary and extracrdinary couwponents {one
pair is 4.4 and 5.1 MHz, and the other is 4.2 and 4.8 MHz2).
The pair at higher frequencies should be scaled with the
descriptive letter V, as representing the critical
frequency. Therefore,

foF2 = (foF2)V = Lhv

This type of trace is rarely observed in the sense that
some of the four prongs are usually missing. When the ordinary
component is missing, foFZ2 can be deduced from the extraocrdinary
trace, It should not be confused with the oblique reflection,
the spread echo or the different stratifjcation. It is recom—
mended te scale and write in the Remarks columm of the scaling
sheet the critical frequencies of four prorgs, because they are

needed in the plotting,
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foF2—4

The trace

disappears suddenly near the F2 layer

eritical frequency fmin 16
1 2 3 % 5 6 7 8 /9 10 1mHz | [°F 21>
km : / h'E 110
koo o foEs hoJA
TxEs 48
200 e h'Es 120
r{/ Es type cl
" fhEs 28EG
200 foFl L(L9)
h'F 230
100 Y e n'Fe2 315
fok2 Q0EY
4 A é ﬁ fxI
fmin foE foREs foFl
The Tl and F2 traces are somewhat deformed from .
a typical shane fmin 18
: foF 3ko
&4} h'E ll%
hoo s fols 3LEG
/ﬂﬁwl\\“‘ ﬂ’dggi// fxEs
300 T h'Es G
p’///’/// Es type
S -1 fbEs 34EG
200 foF1 53UH
y h'F 220
100 h'F2 305
fol2 Q1JH
A A ) b 4 £xT
tmin foll foFl folz2 fxF2
The upper part of the ’.: ;'FE trace exceeds the height
limit of the ionogram/ / fmin 16
fok 295
h'E 110
500 . fols 308G
! j height range : 100-6C0 km FxFs
500 h'Es G
/ / Es type
fbEs 308G
300 {L// fOFL L
] n'F 215
200 n'F2 540
, J A A foF2 S6UW
100 - .. - fxI
fmin foFl foF2
The z component is observed in the ¥ trace fmin 16ES
! . £oE
| J N h'E
Yoo i — fols 16ES
QI // :;151 TxEs
300 1 4 e h'Es 8
E"’i /W Es type
! . fbEs 16ES
200 T¢ foFl
2 : h'F 230
. h'F2
100 ' foF2 hhz,
% Al 4 A xI 53
fmin £2F2 foFg—1{xF2
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foF2—4

The trace near the F2 layer critical frequency (above 8

MHz) is abnormal in shape and both components suddenly dis-
The Tl trace is also not

Observaticon :

appear in the wvicinity of 9 Miz.

normal.
When the layer tilt ig large, the trace approaching up

to foF2 sometimes disappears suddenly. Since such trace
is the reflection from an oblique direction, foF2 should
not be derived from it, foF2 is to be represented by the
limiting value accompanied by the qualifying letter E
(smaller) and the descriptive letter Y.

foF2 = (limiting value) EY = QOEY
The letter H is generally used to indicate the presence of

Interpretation :

@

Comment
a stratification or a tilted layer, whereas the letter Y ex—
presses the presence of severe tilt in the F region. Note that
the meaning of Y is different from that for Lacuna {see Case 17
cof foFl).
Cbservation The ordinary components of F1 ard F2 layers show some

deformation, resulting in an unusual cusp at foFl and insuffi-

cient separation (0.3 MHz) of o and x components near foFZ,

Interpretation When there is an ionospheriec tilt in N-S direction,

the recorded frequency separation between the o and x

components may differ usually from fB/2, and sometimes

one component is modified in shape. In this case, since

the extraordinary compenent is normal, foF2 can be
deduced from fxF2 as dotted curve.
foF2 = (fxF2 - £B/Z)JH = 9134
Comment For the layer tilting in E-W direction, no significant
difference is-expected between shapes of both components.

i

[ Observation : The F traces are split into three branches (z, o and
X components).

The virtual height of the FZ trace is so high (540 km)
that the traces near the F2 critical frequencies are beyeond
the maximum height range (600 km in this Case).

Since the height limit of jonosonde is abour 800 ~ 100G
km, the ioncgram like this Case is not likely to be seen
actually. Only in the case where traces seem to still
exist at a height exceeding the height limit, the letter W
can be applied (refer to Cases 5 and 6).

foF2 = {£oF2)UW =S6UW
The portion of trace outside the height limit should be
extrapolated being based on the accuracy rules, When the
letter W is applied, the numerical value is to be followed

by the letters D or U,

Observation

Interpretation @

: The critical frequency seen at 3.8 Miz ig of the gz
mode which is the third magneto-electronic component
propagating along the geomagnetic field line, This kind
of ionogram is not So common, since the field line runs far
from the vertical in mid-latitudes. Slight spreading is
seen on both ordimary and extraordinary components. The
difference between f{xF2 and fzFZ is equal to fB (the gyro-
with foF2 occurring about the middle of both
The appearance of the z component is expressed

Interprecation

freguency},
components.

by the lertter Z. )

foF2 = (foF2)Z = 4L
: Both of the descriptive letiers 7 and F are applicable
to this case. Concerning the selection of letter, follow the

selection rules described in 3.2 on page 67 of R.H.

Comment
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foF2 — 5

i

Both cordinary and extraordinary components of the
F trace are in spread condition fmin 15
12 3 4 5 6 7 8 9 10 1lMHz | I°F
km el o h'E
Loo : foks 15EB
i fxEs
300 ’//A{‘::“ h'Fs B
LA Es type
200 7 fbEs 15EB
foFl
h'F 220
100 ht'F2
foF2 Lyt
4 414 £xT 51
fmin ToF2  LfxI
The F trace is spread along the frequency axis
(Frequency-type) fmin 192
foE
. h!E
hoo foEs 1288
fxEs
300 h'Es B
Es type
fbEs 12E3B
200 foFl
h'F 200
100 h'F2
foFz 52T
4 A A £xT 67
fmin FOF2 xI
The F trace is spread along the height axis
{(Range-type) frin 14
ok
hoo h'E
foks 13ER
fxEs
300 h'Es B
Es tType
200 fbEs 13EB
foFl
h'T 220Q
100 nFe
é % foF2 8]
N
fmin fxI fxi 8
@ The frequency-tyve spreading influenced by the
interference fmin 16ES
| HIENE fol
. -_:.-‘.'-'_' E h'E
400 Armmeb i ; fols 16ES
oy ' ; i fxEs
300 __g"E M ;7:3 h'Es S
i r 54 Bs type
o g fbEs 16ES
200 404 ®
EN 5 foFl
a | 5 § h'F 2TOES
160 | h'Fe
i £OF2 F
A ] £xI 51
fmin fxI
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foF2-5

D

Cbservation : Echo spreading is seen for both components of the F trace.

Interpretation : In this Case, the inner edge {lower side of frequency)
of each component is clear and the traces spread towards
higher frequencies. The main trace is in the clear-cut

side, Therefore, foF2 = 4.1 and fxF2 = 4.7. Since the
width of the echo spreading exceeds 0.3 MHz which is the
threshold value for indicating the presence of echo
spreading, the numerical value is followed by the letter F.
The echo spreading brings basically error in scaling to

some extent. Therefore, the letter ¥ is usually applied
together with the letter F. foF2 = (foF2UF = L1UF.
Comment As shown in the left figure, if the

outer edge {(higher side of frequency) of
each componeant is observed clearly, this
should be regarded as the main trace from
which fo¥2 can be scaled. The case of
clear inney edge is more cemmon than that

of clear outer edge. The width of the
spreading is to be noted for both components

A in the Remarks column of the scaling sheet.
Observation : The maximum width of the echo spreading along the frequency
axis is about 1.5 Mz (5.2 ~ 6.7 MHz).
Interpretation : This kind of spread pattern is called the frequency-
type spreading. The clear inner edge would be the main

trace from which foF2 is scaled, provided that the F layer
is horizontally stratified.
foF2 = (foR2)UF = 52UF
If there is a clear trace from which §xF2 is scaled, foF?
may be deduced from it.
foF2 = {fxF2 - fB/2)JF
The width of the echo spreading (5.2 ~ 6.7 MHz) is noted in
the Remarks column.
Comment The second order reflection is conveniently used in identi-
fying foF2, since it is likely to be observed more clearly
(without the spreading) than the first.

Observation : The eche spreading occurs mainly along the height axis.
The virtual height of the trace increases very slowly with
frequency.

Interpretaticn : This kind of spread pattern is called the range-type
spreading. Tt is difficult to scale foF2 from this type
of ionegram which does not show the presence of clear main
trace. Thus, for this Case, foF2 is expressed only by the

letrer Q.
foF2 = g
Comment : The width of the spreading (1.4 ~ 8.4 MHz) is noted in the
Remarks column of the scaling sheet. For expressing the pres-

ence of the range-type spreading, h'F is follaowed by the letter Q.

20

Observation ! A nighttime icnogram. The echo spreading is seen above
2.6 MHz. The interference gffects on the observarion in both
frequency ranges below 1.7 and above 4.3 dHz.

Interpretation : This is an example of frequency-type spreading. The

frequency range with the spreading is so wide that only the
letter T is eligible.
foF2 = F

Attention should be paid, when severe interference covers
the whole frequency range. Generally speaking, if two causes
affect on the scaling, the pricrity is to be given tec the bigger
cause. Therefore, the following two scalings are correct
depending on the situation concerned.

foF2 = FS or fo¥F2 = SF

Comment

101




fxT

@ Definition :

The parameter fx1 is defined as the highest freguency at which
the reflection from the ¥ region (F1 or F2 layer) is recorded,
independent of whether it is reflected from vertical or cblique
directions (note that parameters other than fxI should not be scaled
from oblique reflections).

TxI is a parameter indicating the presence of the I layer
scattering which contributes to an actual propagation ai obligue
inecidence. fxI is also applied to the polar or equatorial spurs,

but not applied to traces of ground backscatter.

op]

Ground bhackscaiter tangential to
+the second order F reflection.

M: Es backscatter tangential to the
M(2¥.Es) trace which is described
in detail in Appendix 1 (p.118 of
this manual).

4 b4
Tofe fol2 f[xFZ

@ Scaling accuracy :

£xI is scaled at the accuracy of 0.1 MHz (e.g. k.3 MiHz).

@ Indication of scalesd value

fxI is expressed either by the numerical value with or without

the letter, or the letter only.

(Fxamples)
A ——— The desériptive letter expressing that the F irace 1s
blanketed by the Es layer.
93 ——— The highest frequency of the spread F trace.
U5% ww- ¥ iz the descriptive letter expressing the fxI is

equivalent to fxF2 in the absence of the echo spreading.
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@ Notices for secaling

1. fxI should be scaled from the lonogram observed with the normal
gain of the ionosonde receiver.

2. Concerning the freguency separation between the ordinary and
extraordinary components as necessary for deciding fxI, see Definition

VVVVVV of foFl on p. 67.

3. In the scaling of fxI, the descriptive letters A, B, ¢, D, §, G,
S and Y can be applied (for details, see pp. 102-103 of R.H.). The
scaling of fxI is classified into the following two cases:

&. In the presence of the echo spreading and/or the obligue

o reflection in the F region, the highest freguency is scaled as

xI including the letters attached.

(Examples )
fxI = 55
fxI = 50X, when fx¥F2 = 508
£xI = (fol + fB/2)0B = 420B, when fol = 36

b. In the absence of the echo spreading and the obligque reflection
in the F region, the value of fxF2 is scaled as fxI including the
letters attached. In this case, the numerical value of fxP2 is

used with descriptive letter X.

(Examples)
fxI = (fxF2) X = Lox, when fxF2 = 49
fxT = ho¥, when fxF2 = LOS
fxI = L6UX, when fxF2 = LEUS
fxI = £xF2 = 3, when fx¥F2, foF2 = S
I = 460X, when foFf2 : numerical value
e fxI'2 : no numerical value
b, Appendix 2 {p.119 of this manual} which is extracted from the INAG

Bulletin (INAG-33, pp. 32-33 May 1981) gives much more variety of examples
for fxI scaling.
5. Monthly tabulation sheets may be left blank for columms at hours
for which spread F traces are seldom or never seen, as in the practice
for E and F1l parameters (p. 102 R.H. 3.32(c)). Most groups find it more

efficient Lo tabulate fxI at all hours.
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fxl — 1

3

Tonogram without the spread echoes (Nighttime)

fmin fXEsfoFQfoémfo

fmin 16ES
12 3 h} )5 6 7 8 9 10 11MHz i?g
km
400 ! foEs 60TA
= V fxls 66
300——$4-WM_~*;EZ§£mm~m-——- h'Es 100
; s
S| Bs type  r2
2 fbE
200 45 1= P 16%8
= 0
5 | h'F 230US
100 } h'FP
foF2 L3
4 4 $ 4 fxI hox
Tmin £OF2 fxF2 fxEs
The extraordinary F trace is masked by the .
interference fmin 16ES
| 1 £oF
: h'E
t
Loo : J; :[ foEs 16E8
o / o | fxBs
300 __g | z‘i' T | h'Es 3
-t L__,_.—‘“V | S;l Es type
3 | =y fbEs 16ES
200 T8 o foFl
o | |51 h'F 250
100 +—| | 51 n'F2
P £oF2 40
A i 4] £xT 60X
fmin foF2 xF2
The spread echoes are recorded in a lower frequency
.range than foF2 fmin 10FE
foR
e ] ] h'E
hoo oS / foks 10EE
_S' ) fx¥s
300 P h'Bs E
/ Es type
200 fhEs 10EE
foFl
h'F 210
100 h'F2
foF2 36
414 P hox
fol2 fxF2
The echo spreading is seen on both the ordinary and .
extraordinary F traces fmin 11
fok
h'E
Loo folis 3174
IxEs 3T
300 h'Es 100
Es type £1
hEs 11EB
200 foF1l
h'F 215
100 h'F2
foF2 Léur
b AL 4144 £x1 58
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fx] -1

Observation : Nighttime ionocgram. foFZ = 4.3 MHz, fxF2 = 4.9 Miz.
Interpretation : No echo spreading is recorded in the F trace of this
ionogram, Therefore, fxI is expressed by the value of

£xF2 followed by the letter X. The Es layer has no re-
lation to the scaling of fxI,
fxl = (£xF2)X = Loy

Observation : foF2 = 4.0 Mz, The trace near ixF2 is masked by the
interference.
Interpretation : fxF2 can be cbtained by the extrapolation from the

gxtraordinary trace itrself. In this Case, however, de-
duction of fxF2 from foF2 is more practical.
£xI = (foF2 + £8/2)08 = 460X
Comment : The qualifying letter O means that the extraordinary com-—
ponent is obtained by means of the cordinary component.
The descriptive letter X has priority over 8 sinece no echo

spreading in the F trace is seen.

Cbservation : Spread echoes other than the F layer trace are recorded

in the frequency vange from 1.6 te 3.5 Mz above the height of
300 km.

Interpretation : Such echoes do not influence on the scaling of fxI,

since fxI is to be expressed by the highest frequency of

the F trace. Following the same process as in Case 1,
£xI = (£xF2)X = lLax
Comment : When {xFZ is expressed by a numerical value with some

letters, fxI can be scaled as f{xF2 itself,

xI = fxF2 = LoUg

Observation : The ordinary F trace spreads over 4,6 ~ 5.1 MHz, while
the extraordinary trace does over 5.3 ~ 5.8 Miz.
Interpretation : The spreading is not so severe. In this jonogram,
the inner edge {lower side of frequency) is the main trace.
The highest frequency of the extraordinary component is
scaled as fxI.

fxI = 58




fxl — 2

1
(:)The spreading is recorded over the whole freguency

range of the F trace fmin 16RS
N L s 6 7 8 9 10 1iMHz i?g
m
%00 H'! foEs 32JA
5 : xBs 38
300 mg-I h'Es 110
» £ Es type fi
200 “g - fbEs 16FS
g'| foFl
o | h'F 2250
100 f h'F2
foF? ¥
A 4 A rx1 63
fmin fxEs 3T
The oblique reflection with echo spreading is ]
recorded together with overhead reflections fmin 11
fok
h'E
koo foEs 11EB
fxEs
300 h'Es B
Es type
foEs 11EB
200 - £oF1
h'F 200
1060 + h'F2
foF?2 Lo
4 4 £xI 58
fmin xI
The extraordinary trace disappears owing to the
e absorption .
fmin 20
F__ Fol
o h'E
400 /:’-':-E foEs POEB
/:':-;-'-' fxEs
300 o h'Es B
//44' Es type
200 TbEs 20ER
foFl
h'F 220EB
i00 n'FS
4L % % fol?2 22F
fmin foF2 = fol el k208
Appearance of spurs fmin 12
ok
L
hoo / foEs 12EB
// . fxEs
SRR h'Es B
300 ﬂféﬁf;45§:ﬂ' Es type
5 I fbEs 12EB
0¢ folfl
n'F 205
100 h'F2
fol2 hsg
3 4 ] £x1 60P
fmin fole fxI
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fxl — 2

range Of the F trace. UWo distinct reflecticn is found out of

Observation : The echo spreading is observed over the whole frequency
rather uniformly spread part.

Interpretation : The highest frequency of the F rrace including the
spread part is £xI. Therefore,
fx1I = 63

Comment : A part of spread echoes is sometimes

i
1
I . .
1 cbscured by severe interference.
1
| In this case

1

i

!

% fzI = F, foF2 = 50D8

5.0 interference

4
e
1
'
]
-

Cbservation : A spread F trace is recorded together with the regular F
(§§>' trace with the second order reflection.

Interprecation : The trace accompanying the echo spreading at a height
of 210 km is the reflection from an oblique direction from
which the value of [xI is scaled.

fxI = 58
Comment : Arr oblique reflection tends to appreoach down to the virtual
height of the regular F layer from a higher height at which it
appeared in the beginning, and then to increase its height again

until it disappears. This can be explained by assuming some
trregular structure which moves horizontally when passing over

a sounding station.

Cbservation : A nighttime ifonogram. Only the spread trace of the F

layer ordinary component is observed.

Interpretation : fmin is so high that the extracrdinary component seems
to be lost owing to the large absorption (B). In this
case, fxI can be extrapolated from fol (the highest fre—
quency of the spread ordinary F trace) by adding fB/2 to
fol. Thus, the letters to be attached are the gqualifying
letter O and the descriptive letter B,

£xI = (fol + £B/2)OB = L20B
Comment : As for fB, see Case 7 of foEs.

I1f there is ne echo spreading, this Case is equivalent to Case 2

in scaling fxI.

Observation : The F trace is normal but the spur develops from the

extraordinary trace.

Interpretation : The spur has the highest frequency in this jonogram.
fxI = 60P
Comment : The spread echo attached to the extracrdinary compounent is
called "spur" because it resembles the spur in shape. This

kind of echo is likely to appear when the ionosphere is severely

tilted or has an irregular structure in it.
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M factor]

@ Definition :

. The M factor (Maximum Usable Freguency Factor) is a conversion
factor for obtaining the maximum frequency usable in a given oblique
propagation distance from the critical frequency at vertical incidence
(fo). The M factor for the standard distance of 3000 km is called
M{3000) which is usually expressed with the name of reflection layers
as M{3000)¥F2 or M(3000)F1.

M(3000) can be cobtained by applying the standard transmission
curve (see pp.23 ™ 25, R.H.) for the ground distance of 3000 km to the
ordinary component of the first order reflection from the layer con-
cerned. Practically,M(BOOG) is related to MUF({3000) (Maximum isable
Frequency for 3000 km path length) and fo {(the ordinary wave critical

frequency at vertical incidence) as below:

Tonosphere
NS
fo M(3000) = MUF (3000)
fo
T\é/ 3000 km :

@ Scaling accuracy

Both M(3000)F2 and M(3000)FL are scaled at the accuracy of 0.05.
(e.g. 3.15 or 4.20).

@ Indication of scaled value :

M(3000) is expressed by the numerical value with or without

letters, or the letter only.
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@ Notices for scaling :

1,

M(3000) should be scaled from the ordinary component of the F2 or Fl

layers.

The qualifying and descriptive letters to be attached o M(3000)F2

or M{3000)F1 are usually the seme as those for foF2 or foFl respectively.

(Fxamples)
M(3000)F2
¥(3000)7F1
M{3000)F2
M(3000)F2

1]

1

H]

1

¥, when foF2

L, when foFl
305F, when foF2

il

L.
= 347,

3200R, when foF2 = LUJR,

There are some exceptions where M(3000) accompanies different

letters from what foF?2 or foFl does.

(Examples)
M(3000)F2
M{3000)F2
M(3000)F2
M{3000)F1L
M{3000}F1

when
when
when
when

when

PoF2
ToF?
fol2
foFl
ToFl

B}

153ncC. (No trace above 15.3 Miz)
LoEG, (foFl 2 foF2)
G8. (Bianketing hy Es trace as in Case 2 )

52, (Large absorption)

heuy,

110
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How to obtain graphically the M factor

The procedure to be feollowed to obtain graphically the M factor is
different for the icnogram with the logarithmic frequency scale and that
with the linear frequency scale.

The M factor can be read cut directly from the ionogram with the
logarithmic frequency scale by means of the slider (Pig.a on p.113) on
which the standard transmission curve is depicted. The procedure to be

_ followed in doing this is described in the following "Scaling practice...".

On the other hand, the procedure to obtain the M factor from the
ionogram with the linear frequency scale is rather complicated. Instead
of one transmission curve in the case of the logarithmic scale, a set of
standard MUF curves has to be prepared from the standard transmission curve.
The MUF curve which Just touches the trace gives the MUF, The M factor
is obtained by dividing this MUF by the critical freguency of the trace.

This Manual illustrates the Cases for scaling the M factor from the

ionograms with the leogarithmic freguency scale.
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1.

b,

Secaling practice of the M factor from the lonogram
with logarithmiec frequency scale

A transparent slider {Fig.a on p.113)} on which the standard trans-
mission curve for 3000 km is depicted should be prepared. The shape of
the standard transmission curve is defined by the table given on page 23
of R.H.

The slider is laid over the ionogram so that both the height scales
coincide with each other.

The slider is moved until the transmission curve touches the outer
edge of the reflection from the layer concerned as shown in Flg.b on
page 113{For details, see pp.23-2L and ».78 of R.H.).

Thus a value on the M factor scale {arrow in the Figure) corresponding
to the eritical frequency of the layer on the ionogram can be read out.
This value is the M factor.

The frequency which coincides with 1 on the M factor scale is the MUF,

The procedure mentioned above is also applicable to the F1 layer trace.
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(b)) Use of M factor slider
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M factor —1

w ?_ﬁ_J M factor scale

t Y T T T { I T B s T 1 MH=z
km? 2 3 4 5 6 78 P 0 12 1B 20
¥ J: fmin 19
V fok 310
M_\___)_} foEs 50
300 - : fbEs Lo
—/J/ / Es type cl
200 f foFl 52
> M(3000)F1 355
a . e h'F 210
10C - h!F?2 31 5
foF2 82
M(30C0)F2 315
" fmin 1T
J-I-OO !J foE A
/ foEs 11hTA
300 . fbEs a7
/’ . Es type £3
500 foll A
M{3000)F1 A
h'F A
100 h'F2 A
for2 98
M{3000)F2 A
3 4 3
' '/
—t ! fmin 12
400 ,.'/,’/ ok
h-‘/ fols 39JA
300 T fbEs 28
L Es type i
500 foll
M{3000)F1
h'F 2hoa
100 h'F2
foF?2 YLTR
M{3000)F2 330JR
Lyt
) fmin 19
400 4 POE 305
/ foEs JLEG
300 ' fbEs 318G
\2\,&/ Es type
G foFl 50
200 M(3000)F1 3L5
) HIF 220
100 s h'F2 G
fof?2 5CEG
M(3000)F2 G
1 5 10 1B 20
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M factor - 1

Y

Observation : A typical iopogram in summer daytime. Traces for both
F2 and Fl layers are recorded very clearly.

foFl = 52, foF2 = 82.
Interprecation : Both M(3000)F2 and M(3000)Fl can be scaled by fitting
the transmission curves (dash-dot curves) to the FZ and Fl

traces respectively.

M{300G)F2 = 315
M(3000)F1 = 355
/ Observation : As far as the F region reflection is concerned, both foF2
e and f£xFZ can be scaled by numerical values only, although the
trace below 9.7 Mz is blanketed by the Es layer.

Interpretation : Since the curved parts of the T2 and Fl traces are
blanketed by the Es layer, both the M factors are expressed
by the letter A.
M{3000)F2
M{30C00)F1
Comment In an example as shown in the left

;
ri !} figure, foFl can be scaled, whereas the

/ lower part of Fl trace is blanketed.

]
b

i

)
, M{300G)F1 = A

Cbservation : A nighttime ionogram. in the ¥ region, the extraor-

dinary component is clearly observed, while the ordinary one
is lost.
Interpretation : First of all, foF2 is deduced from fxF2.
foFZ = (fxF2 - fB/2)JR = LUJR
Then the ordinary wave trace is reproduced imaginarily
as the dotted curve to which the transmission curve is
applied. M{3000}F2 should have the same letters as foF2
in this Case.
M{3000)F2=330JR
Comment If the cause of the disappearance of the ordinary F trace

is the intevferance, the letter R is replaced by the letter S.

Observation : No F2 trace is recorded.

Interpretétion : The trace in the T region is the Fl trace. The F2
layer is in the so-called G condition where foF2 decreases
down: ta foFl or lower value (see Case 5 of foF2).

M{3000}F2 = G
M{3000}F1 = 345
Comment : It is very important in interpreting the G condition to
take into account the progress of ionospheric disturbances and
the sequential variation of £0F2 and h'F2, because the G conditiocn
may be confused with the case for which the letter W should be

applied.




M factor -2

5 _
@ 5 3 4 ‘3 L %M factor scale
s 3 T T 1 T T T | T 1 MHZ
o] 3 4 5 6 7891022 15 20
LS 7 fmin 18
/1 ok 310
o0 X ,’/ foEs b1
R fDEs k0
_J¢£;$7 Es type cl
200 . foFl L(55)
; M(3000)F1 L
- NS h'F 220
h'F2 270
foF2 110
M{3000)F2 310
i
boo 3 fmin 1h
L ron
fﬁF foEs 21JA
300 // fbEs 15
| / Es type 3
500 foFl
M{3000)F1
oo h'F 225
h'F2
foF2 . 347
M{3000)F2 320F
400 fmin 15
fokl
fols 15EB
300 fbEs 15EB
Es type
200 foFl
M(3000)F1L
Lo h'F 215
h'F2
foF2 38JF
M(3000)F2 305JF
fmin 17
400 7+ £oF 355
& jfoks 36EG
300 = }iﬂ | = fbEs 36EG
R ,// Es type
poo N =~ foFl L(70)
; M(3000)F1 L
/ h'F 205
100 h'F2 280
FuF2 167DR
M{3000)F2 R
1 5 10 15 20
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M {factor- 2

Observation : Since the cusp of foFl is not clear, it is scaled as
foFl = L {55). The F2 layer is normal.

Interpretation : M(3000)F2 is scaled easily, whereas there is no tangen-
tial peint on the F1l trace to the transmission curve.

Therefore, M{3000)F1 is expressed only by the letter L.

M{3000)F2 = 310
M{3000)FL = L
- Observation A nighttime ionogram. The frequency-type spreading is
o observed. foF2 = 3hp
interpretation : The inner edge (lower side of frequency) of the trace

is clear. The M factor is scaled by applying the trans-
mission curve to the clear ordinary trace, it is ex—
pressed by attaching the descriptive letter F to the nu-
merical walue.
M(3000)F2 = 320F%
Corment The second order refiection is conveniently used in identi-~
fying the ordinary component trace, since it is likely to be

observed more clearly (without the spreading) than the first.

Observation : The F trace is spread over a fairly wide frequency range.
The outer edge of the trace is clear.
Interpretation i The clear edge is interpreted as the extracrdinary

component. fxF2 = 4.4 MHz
Since the ordinary component can be inferred from the
extraordinary one, the M factor is to be scaled by fitting
the fransmission curve to the ordinary component trace in-
ferred. M{3000)F2 is expressed by applying the qualifying
letter J and the descriptive letter F.
M(3000)F2 = 305JF
Comment The width of echoes should not be overlooked in fitting the
transmission curve even to the inferred trace. In other words,
the curve is adjusted so as to touch the outer edpe of the in-
ferred rrace. Similar caution should be paid to Case 3 and
Casa 6.

Observation :o The F trace above 16.7 Mz is not recorded. Since the

frequency width of trace to be extrapolated does not seem to
exceed 20% of foFl (see Case 10 of foF2). fo¥2 = 167DR.
Interpretation : Since foF2 is scaled with the qualifying letter D
(greater), M{3000)F2 is expressed by only the letter which
describes the reason for the disappearance of the trace.
M(3000)F2 = R
Concerning M{3000)Fl, the situarion is same as Case 5.

M(3000)F1 = L
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Appendix 1
lorograms frequently show multiple and mixed reflections. (R.H. op.15-17)

A multiple reflection is the name given to a trace which has been reflected from the
ionosphere more than once. An echo which results from two refiections from the same layer, with an
intermediate reflection from the ground, is called a second order; three reflections give a third
order, and so on. Orders as high as fifteen or more occasionally occur when absorption is extremely
lewi. These very high orders are still being reflected between the ground and the ionosphere after
a time greater than that of the time base period and consequently appear on the ignogram. Fig. 1.9(b)
shows a typical example of these 'round-the-time-base' traces, orders 8 to 11 are visible.

It is possible for mixed reflections between the £ and F layers to otcur when speradic E is
present. The most common of these is a second order reflection from the top of a sgoradic E layer -
the M reflection at a height (2h'F-h'Es}. The mixed mode F reftection followed by Es reflection, or
vice versa, are alsp common at a height (h'F + h'Es).  Both are shown in Fig. 1.9(c). The M yeflection
often gives a stronger trace than the 2F normal mode when absorption is present, as it has only passed
through the absorbing B region twice instead of four times. Higher multiples also occur aad can be
easily identified by noting that the M and N traces are a constant distance {h'Es) from the 2F and
If traces, respectively. Higher modes 2F + E, 3F - £, etc., are identified similarly. A typical
jonogram showing E, F and mixed mode multiple reflection is shown in Fig. 1.9(d) together with the
mede identifications.

Under normal circumstances, M and N reflections are not scaled but can be used occasionally teo
give a numerical value of foF2 when the layer is tilted so that the normal F traces are missing.

Fig. 1.9(b)} Ionogram showing very high order F region reflections,
alsc multiple reflections.
Arrows indicate 'round-the-time-base' traces.

Paths of M and N refiections

M N

Fig. 1.9(c) Virtual height of M reflection 2F-Es,
N reflection F+Es.
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Appendix 2

(INAG Bulletin No. 33, op.32-33 )

SPREAD F AND fx/ SCALING

21

23 24

zgg_,4ﬁ:¢ﬁ£émwy
1w A

fof2Z

044
044-K
044
038E6
044
044
010
A
044-F
044-F

044-F
044-F
0440F or F
044-F
04445
03805

044
044
044-F
044
044-F

£
044

B

fxl

050-X
050-X
050-X
044-%
0500x
0500X
016

053
057

G540B
05608
060

05305
053-F

053-X
050-X
058-9
070-P
070-pP
070

050-X%

E{a‘% SPREAD - F

h'F

250
250
250
250
250
250
250

250
250

250
250
250
250
250
250

250-0
250-0
250-Q
250
250

§ INTERFERENCE

Comment

Normal ionogram
No scatter present priority X on fxI
No scatter present, priority ¥ on fxI
F2 region in G condition, fxl £ fxFl
fxi determined from o mode, priority X on fxl
fxI determined from ¢ mode, priority X on fxl
fxF2 not seen as tlose to gyro-frequency
Complete bianketing by Sporadic E
Spread-F exceeds 0.3MHz; -F on fxI optional
More severe Spread-F than 9 but scaling similar
different degree of Spread-F on o and x traces
fxI value determined from fol
More severe Spread §F than 11 but similar scaling
Very severe Spread-F; resolution of o and x~ traces not possible
fxI = fol + £B/2, with descriptive letter for interference
foFZ = fxF2 - fB/2, Presence of Spread-f indicated on fxI
F given priority over other letters in fxI to show presence
of Spread-f
Simple range spread; no frequency spread hence -X
Different form of range spread
£x]1 value determined from range spread structure
Polar spur gives fxI value
Polar spur gives fxi value
Extensive mixed spread present
Ground backscatter trace, not wsed to evaluate fxI
Complete absorption
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POSTSCRIPT

The original edition of this Manual was completed by H. Ohyama in
1980 for the training of voung specialists of ionogram scalings. The
publication of this Trainiag Manual was announced by N. Wakai, the Japanese
INAG representative, at the INAG meeting which was held in Geneva on the
occasion of CCIR Study Group Meeting in Jupme to July 1980.

Mr. W. R. Piggott, the chairman of INAG, encouraged him to translate the
Manual written in Japanese into English.

After cone year experience by the experts at local Radic Wave
Observatories, Radio Research Laboracories, the revised edition in Japanese
was published by H. Ohyama and T. Koizuwi in March 1981 for domestic use in
Japan. Since then the translation has been made by a small group inm REL.

The wording in English might not necessarily be consistent with the
Ionogram Handbook and its revised Edition.  The philosophy of inter-
pretation, however, should be same. Comments by the INAG members as well
as the users on expreésions and scaling procedures in this Manual are highly
invited.

We wish to express many thanks to Miss Y. Nagano for her assistance

through the typewriting.

oy =
March, 1985 Noboru WAKAT 7@5.4T' 7{;~
oY =
Haruo OHYAMA S U Tz

oy
s X = !
Tokuji KOIZUMI /) \ 2 % >3
Radic Research Laboratories
Koganei-shi, Tokyo 184

JAPAN

Tel.) 0423-21-1211
Telex) 2832611 DEMPA J



POSTSCRIET FOR REVISED EDITION

Reorganization of RRL was effective on April 8, 1985, just after the
publication of the first edition of this Manual., The research section
responsible for the revision work of the Manual was transferred to Tonospheric
Observation Section, Technical Information Division from Radioc Wave Division.
Revised texts and re-drawn figures were prepared at the section with the
assistance by Mrs. R. Nemugaki.

Requests of additional copies and comments on the content of the Manual

are invited teo send to the following address:

Tonospheric Ohsarvation Section
Technical Information Division
Radio Research Laboratory

Nukui-Kitamachi 4-2-1,
Koganei-shi, Tokyo 184
JAPAN

Telephone: 0423-231-1211
Telex: 2832611 DEMPA J
Facsimile: 0423-24-9061

July, 1986 N. Wakai
H. Chyama
T. Koizumi

Radio Research Laboratory



POSTSCRIPT ¥OR THIRD VERSTOW

Requests of additional copiles and comments on the content of the Manual

are invited to send to the following address:

Ionospheric Observation Section
Technical Information Division
Radio Research ILeboratory

Hukui-Kitamachi L-2-1
Koganei-shi, Tokyo 184
JAPAN

Telephone: 0L23-21-1211
Telex: 2832611 DEMPA J
Facsimile: QL23-24-9061

October 1987

Present address of the authers for contact.

N. Wakai, Professor, Institute of Research and Development,
Tokal University,
Tomigaye, Shibuya-ku, Tokyo 151
E. Ohysma Radio Research Laboratery
T. Koiwumi



