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Auroral type sporadic-E recorded with the C-3 ionosonde at College, Alaska during the
IGY winter 1957-58 has been compared with simultaneous all-sky camera observations and

other data for times of auroral activity.

Both frame-by-frame comparisons of ionograms and

all-sky camera photographs and studies of statistical relations between fFEs, the auroral
activity index, and the local magnetic K-index were made.
The sequential study shows that fEs increases with auroral activity and reaches a maxi-

mum value of 5 to 10 Me/s when the aurora is overhead.

The statistical study indicates

good correlation between the zenithal auroral activity index and fEs, with a correlation co-

efficient of 0.544.
1. Introduction

The present state of knowledge concerning the
sporadic £ (Is) phenomena has been surveyed by
Thomas and Smith [1959]. These authors considered
all recognized types of sporadic £ occurring in the
three latitude zones designated respectively as equa-
torial, temperate, and auroral. Their summary
shows clearly in which respects present information
is incomplete and, in particular, that a gap exists
with regard to auroral sporadic /£ ionization. The
purpose of this paper is to supplement the available
mformation on the sporadic /£ occurring in the auroral
zone. More specifically, it deals with the character-
istics of sporadic [ observed with a standard
ionosonde at the auroral zone station College, Alaska
during auroral activity and with related subjects.

The nomenclature and definitions adopted for
ionospheric vertical soundings during the Inter-
national Geophysical Year [Beynon and Brown, 1957]
will be used in this communication. The following
concepts are of particular importance for the sequel:

FEsa (auroral): 'This type is mostly seen at high
latitudes, usually during the night hours, and has
been associated with magnetic and auroral activity.
It has a rather well-defined flat or gradually rising
lower edge, with stratification and diffuse (spread)
echo present above it. This sometimes extends
several hundred kilometers in virtual height.

fEs (or f,/Zs): The ordinary wave top frequency
corresponding to the highest frequency at which a
mainly continuous trace is observed. It should be
noted that at least four of the sporadic F types
recognized in the IGY classification system occur in
the auroral zone; namely, the Fs-auroral type already
defined together with the s forms designated as flat
(1), retardation (r), and slant (s). A recent investi-
gation by Bates [1961], based on simultaneous sweep-
frequency backscatter soundings and VHE observa-
tions of radar aurora, indicates that the occurrence of
the slant s (Fss) form is at least partly associated
with magnetic and auroral activity at College.
Therefore the type designation Fs-auroral is some-

what ambiguous and should be understood to
characterize a form peculiar to the auroral zone.
Fsa should not be thought to be the only form of
sporadic £ which can be associated with auroral
activity, but preferably considered as the form typi-
ally observed with a vertical incidence ionosonde
during auroral activity overhead the station. A
perusal of the attributes for the types Esa and Fss
listed by Thomas and Smith (loc. c¢it.) shows that
these are largely the same. Both forms are stated
to be a nighttime phenomenon at College, Alaska of
the nonblanketing type with spread echoes and as
being correlated with magnetic activity.

The approach in this paper is to study the radio
reflecting properties of the £ layer, notable as in-
dicated by the value of f/s and its variation, at
times when the occurrence and degree of visual
auroral activity is known from simultaneous obser-
vations without regard to classification details.
Therefore we are concerned with the auroral sporadic
E ionization in the wider, physical sense rather than
the restricted type which is designated by the too
inclusive term ZAs-auroral. The data used in this
investigation were mainly obtained during the IGY
winter 1957-58 at College, Alaska (geomagnetic
coordinates 64°.65 N, 256°.56 E). These data
resulted from vertical incidence soundings of the
ionosphere with a NBS Model C-3 ionosonde
operated by the Geophysical Institute for the
National Bureau of Standards, and simultaneous
photographs of the visual aurora with an IGY all-
sky camera [Elvey and Stoffregen, 1957]. Some use
has also been made of the data obtained during the
same period by the Magnetic Observatory of the
U.S. Coast and Geodetic Survey at College, Alaska.

In section 2 we compare irst, by means of plots,
the hourly scaled values of fEs during a selected
shorter period with an auroral index derived from
simultaneous all-sky camera observations. Next,
the correlation between fEs and the auroral index is
deduced from all avaliable data. Finally, a frame-
by-frame comparison of simultaneous ionograms and
all-sky camera photographs is made.
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2. Visual Aurora and the Auroral E Top
Frequency

2.1. Detailed Comparison of fEs and Auroral Index

The hourly routine scalings of the sporadic £ top
frequency (fEs) from the ionograms secured at
College, Alaska were compared with an auroral index
derived from all-sky camera observations at the
same location [Tryon, 1959]. This index is re-
corded at 15 min intervals centered on the hour and
quarter hours. The value is based on three photo-
graphs taken 1 min apart and centered on the 15-min
mterval. The value corresponding to the frame
showing the greatest activity is usually recorded.
Therefore simultaneous pairs of values for f/s and
the auroral index were avaliable for comparison and
have been used throughout this part of the investi-
gation. The value of the auroral index 1s determined
according to the following descriptions:

0. No aurora visible:

1. Aurora just visible.

very faint.

2. Moderate activity limited to a small part of

the sky.

3. Moderate activity over most of the sky, or

small amount of intense activity.

4. Moderate activity over entire sky, or intense

activity over most of the sky.
5. Intense activity over entire sky, or very intense
activity over most of the sky.

6. Very intense activity over the entire sky.

In general, the moderate activity consists of homoge-
neous arcs and other quiet forms. The intense
activity is brighter, and of more active forms, than
the moderate. The very intense activity is so
bright as to conceal the detail of the forms. Suffixes
indicate whether the activity was in the north,
zenith, or south respectively, but such suffixes are
used only when the activity covers a limited part
of the sky and the distinction is obvious.

The plots in figure 1 show the relation between the
sporadic- top frequency ond the visual auroral
index for the period 3-14 December 1958. The
number enclosed in the cirele appearing in the upper
right-hand corner of each plot is the sum of the
three-hourly /A-index values for College, Alaska
over the given time interval. The data symbols
used in the plots have the following meaning:

May be very distant or

Meaning

Symbol “

o Total absorption indicated by ionogram.

A JEs less than fol.

— | Poor visual conditions (clouds, moonlight, etec.)
X | Missing data (equipment trouble, ete.)

© | Good visibility, no aurora present.

The periods 6-7 and 9-10 December are missing
because of equipment malfunctions.

The main result of the detailed, hour-by-hour
comparison of the fEs (f,£s) and auroral index
values is, as indicated by the plots of figure 1, that
periods of high fEs correspond to period of high au -
roral activity. A quantitative statement of this qual-
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itative result will be given in the following subsection.
It is well to note that the auroral index doesnot give
a completely reliable indication of the location or
type of visual aurora. It will be shown below that
high values of fEs are closely correlated with the oc-
currence of aurora at the zenith, and that accordingly
the relationship between /s and auroral activity is
stronger than indicated by figure 1.

2.2. Statistical Comparison of fEs and Zenithal
Auroral Index

Simultaneous data from the ionosonde and all-sky
camera at College, Alaska are available for the
periods December 1957 through March 1958 and
October through December 1958. Rather rigorous
quality requirements were imposed on the observa-
tions for inclusion in this study. Thus, only auroral
indices obtained from all-sky camera observations
under good conditions were admitted, while all doubt-
ful ionosonde data were rejected. Moreover, the
auroral indices were further restricted to those
associated with activity in the zenith or over the
entire sky. This procedure limited the number of
usable pairs of f/s and auroral index values to
merely 62. Although on the low side, the number
of simultaneous pairs of values is still large enough
to permit statistically significant deductions. The
value pairs are plotted in the scatter diagram shown
as figure 2, which indicates a strong correlation
between the value of fE£s and the zenithal auroral
index. This impression is confirmed by the com-
puted cross-correlation coefficient of »=0.544.

Cross-correlation coefficients have also been com-
puted between the values of the three-hourly A-
indices for College, Alaska and respectively the
auroral index and the f/s value with the following
results:

K-index versus auroral index r=0.490
K-index versus [Fs r=0.012.

The degree of correlation obtained between the
K-index and the auroral index is consistent with the
results found by other investigators for College,
Alaska [T. N. Davis, private communication]. The
apparent lack of significant correlation between mag-
netic activity as indicated by the K-index and fFEs
is probably due to the fact that the K-index repre-
sents an average over a 3-hr period while the auroral
sporadic £is a rapidly changing phenomenon, leading
to rapid variations in the value of fEs. It would be
more meaningful to use the local magnetic Q-index
for the correlation computations, but unfortunately
this index has not, been scaled for the College, Alaska
magnetograms during 1GY.

2.3. Relationship Between fEs and Zenith Aurora

In an early study of the relationship between visual
aurora and vertical ionosonde observations, Heppner,
Byrne, and Belon [1952] found a high correlation be-
tween certain zenithal auroral forms and the value
of fEs. In particular, rayed bands at the zenith gave
the highest correlation with fEs, while complete ab-
sorption was indicated 100 percent of the time when
pulsating auroral forms were overhead. In the 1952
ivestigation the auroral data consisted of visual ob-
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Figure 1b. Relation of all-sky camera auroral index
to sporadic-E cutoff frequency (fEs).

(A.1.)

servations and the ionospheric data came from two
different ionosondes (a CIW-DTM Model 3 and a
NBS Model C-3). Similar results were obtained at
Pt. Barrow, Alaska by Knecht [1956] using a (-2
ionosonde and visual auroral observations for 10
clear nights.

These earlier results may now be extended and
made more precise by taking advantage of the fact
that all-sky camera photographs of the visual aurora
can be matched with ionograms made with a single
(C-3) ionosonde. The atlas of simultaneous all-sky
camera and ionosonde records reproduced in figures
3 to 10 shows clearly the close relationship which
exists between the visual aurora and the condition of
the spordaic E'layer. The records were obtained dur-
ing the period 3-9 December 1958. They are ar-
ranged in chronological order with the all-sky camera
photographs oriented such that geomagnetic north is
upwards.

Since some of the details of the auroral forms dis-
played in the all-sky camera photos may be lost in
the photo reproduction process, a precise description
of the atlas sequences has been prepared using the
original all-sky camera photos and (-3 ionograms.
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This description is presented in tabular form, and | and Smith [1959] is employed. The standard
will help to clarify the relation between the auroral | I.U.G.G. classification of auroral types given in
and 1onospheric phenomena. The nomenclature for | Rateliffe [1960] is followed in the description of the
classification of sporadic-£ traces given by Thomas | visual aurora.

Remarks

Time-date (150°WMT) Auroral activity : Tonospheric events
Figure 3 3 Dec. 1958 1 ;

2145 Probably no aurora. Glow in | Normal winter nighttime con- | This sequence shows an in-
| west is probably light con- | ditions (FEsa plus some | crease of fEs by a factor of
| tamination from Fairbanks. | spread-F). | 2.6 from undisturbed to

2305 Bright homogeneous or rayed | Fnin~2.5 Mec/s. Blanket- } auroral conditions. The

bands and ares from zenith | ing Es. [fEs=7 Mc/s. | value of 13 Mec/s for fEs is
‘

to southern horizon. Some
diffuse auroral luminosity in |

the highest value observed
| during this investigation.

north. \ |
2355 Bright homogeneous band 10° | fEs increased to ~13 Me/s. |
‘ north of zenith. Scattered More stratification above |

luminous surfaces 45° north
of zenith. Faint diffuse arcs |
or bands 30° S to southern |
| horizon.

E-region.

2145 DEC 3, 1958

2305
VI N |
et | &
L 4
2855
.
600 f§ 1
£ 400
=
€200 ||
r
0 B :
U 1
[ 2

Fraure 3. Simultaneous C-3 vertical ionosonde and all-sky camera record.
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Time-date (150°WMT) Auroral activity ‘ Ionospheric events Remarks

Figure 4 4 Dec. 1958 |
1830 Faint diffuse rayed arc of irregu- | Normal winter conditions. | In this sequence the value of
lar intensity at 70° north of | Some spread-F present. fEs at the 2105 observation
zenith. [ Retardation type sporadic- (aurora at zenith) is more
| E (Esr), fEs<4 Mec/s than twice the value at 1930
| (undisturbed ionosphere).
1930 | Faint diffuse rayed arc at 60° N. | Esr echo. Same as above. | The constant range echo could
‘ | fEs<4 Mec/s. Constant | possibly be direct oblique
| range echo at 300 km from backscatter from the F-re-
5 to 9 Mec/s. gion.
2105 | Rayed arc at zenith. (Medium- | fEs>9 me/s (Esf). Very in-
to - bright). Faint diffuse tense ionization in E-region. |

homogeneous arc at 80° south |
of zenith. |

1830 DEC 4,1958
1 P

. Igso

| 2 S 4 5 7 10
f, Mc/s

Ficure 4. Simultaneous C-3 vertical ionosonde and all-sky camera record.
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Time-date (150°WMT) Auroral activity

Figure 6 4 Dec. 1958

2255 Medium-to-bright rayed bands

from magnetic zenith to 75°
north, brightest in northwest.
Faint-to-medium diffuse ho-
mogeneous arc at 75° south.

2305 Bright rayed arc at 70° north.

Faint diffuse homogeneous arc |

at 80° south.

|
|
|
|
|
|

fEs=7 Me/s (Esa. Con-
siderable spread-/. Con-
siderable stratification in
E-region.

fEs=3 Mc/s (Esr). Reduced
spread-F increased strati-

fication in F-region.

2255 DEC 4,1958

This

Remarks

sequence is included to
show the complex nature of
the ionosonde record during
typical aurorally-disturbed
conditions. The value of
fEs is higher when auroral
activity occurs near the
zenith (2255) than for activ-
ity at lower elevation angles
(2305).

—

|
4

e
o S Bkt

b4
S

i e

ey g o B
- s

& dthe
| T e ¢
3 4 5 7 10
f, Mc/s

FrGure 5. Stmultaneous C-3 vertical ionosonde and all-sky camera record.

586



Time-date (150°WDMT)

Figure 6 5 Dec. 1958
0005

0030

0115

Auroral activity

Faint-to-medium diffuse homo-
geneous arc at 65° south.
Very faint aurora near north-
ern horizon.

One or two faint homogeneous
arcs 60° to 80° south. Faint
aurora near northern horizon.

Bright homogeneous band at
zenith. Faint diffuse band at
40° north. Faint-to-medium
diffuse homogeneous arc at
70° south. Faint diffuse
aurora near northern horizon.

0005 DEC

[onospheric events lemarks

fEs=3 Me

s (&sr). Some | The abrupt change in the re-

spread-F present. flecting property of the E-

layer as an auroral form
moves through the zenith is

fEs=~3 Mc/s (Esr). well illustrated by this se-

fEs=~8 Mec/s (Esf). Increased
spread-F.

quence.

H
i

|
+

e
\

kx B

Ficure 6. Simultaneous C-3 vertical ionosonde
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Time-date (150W°MT)

Figure 7 5 Dec. 1958
2345

2355

Auroral activity Ionospheric events Remarks
No auroral activity_ - - _| Extensive spread-F. fEs= | Another example of the abrupt
3 3.4 Mec/s Slant-Es (FEss) changes which occur in re-
echo. flecting properties of the

Very bright rayed band in zenith.

E-layer

when

band crosses

zenith.

Some spread-F. High degree

Brightest in west. of stratification in E-region

FIGURE

3

(.

and above. FEsa echo with
|  fEs=8 Mec/s.

2345 DEC 5,1958

an auroral
the magnetic

bk T
i1

.
ki

Sitmultaneous C-3 vertical ionosonde and all-sky camera record.
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Time-date (150°WMT)

6 Dec. 1958
0005

Figure 8

0015 |

Auroral activity

Bright rayed ares and bands
alined NW-SE. One arc ap-
proximately 45° SW. Bright
bands and ares in NE. Pos-
sibly thin arc in zenith alined
nearly N-8, little aurora in
zenith compared to SW and
NE quadrants.

Probably medium-to-bright dif-
fuse pulsating aurora over

entire sky.

0005 DEC

Tonospheric events

Remarks

Slant-£ (Ess) echo.

Almost complete absorption
indicated

A careful examination of the
all-sky camera photos before
and after this observation
indicate a high probability
of pulsating aurora.

Fraure 8. Simultancous C-3 vertical ionosonde and all-sky camera record.
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Time-date (150°WMT) : Auroral activity

8 Dec. 1958 |
2145 | Bright homogeneous band in
magnetic zenith. Faint dif-
fuse band at 50° N. Faint-
to-medium homogeneous are

Figure 9

Tonospheric events

or band at zenith. Faint-to- |

| medium diffuse homogeneous
| arcat 70° S.
Bright homogeneous band
magnetic zenith probably con-
| nected at 70° E to medium-to-
| bright diffuse band looping
| back across meridian at 10° N.
| Bright diffuse homogeneous
| arc at 60° N. Possible faint
arc at 656° N. Faint-to-medi-
um diffuse arc at 75° S.

2155

at

Esf echo with fEs>11 Me/s.
High degree of stratifica-

tion above 130 km.

Reduced stratification.

echo with fEs~10 Mec/s.

2145 DEC 8, 1958

Remarks

An example of the complicated
structure of the ionosonde
record during aurorally dis-
turbed conditions.

Esf

)

4 5
f, Mc/

7 10

S

Fraure 9. Simullaneous C-3 vertical ionosonde and all-sky camera record.
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Time-date (150°W MT)

Auroral activity

Figure 10 9 Dec. 1958

Remarks

0130 No auroral activity indicated____| Blanketing sporadic-£ echo | This sequence is included to
with fEs=5.5 Mec/s. illustrate Es layer conditions
at high latitudes in the
1 absence of zenithal auroral
i activity.
0230 No auroral activity indicated . __| Retardation type FEs echo
(Esr) with fEs=~5 Me/s.

Partial transparency of Es
layer and multiple splitting
of E-trace.

¢

!
|

i1
14
|
i

§
¥ 1
{

74

0130 DEC 9, 1958

‘e *tee ., ,

>

Frcure 10. Simultaneous C—3 vertical

The following conclusions can be drawn from the
simultaneovs visual auroral and ionospheric sounding
data presented in the atlas and the accompanying
detailed descriptive material:

1. The motion of an auroral arc or band from a low
elevation angle to a position near the zenith, is
accompanied by an increase in the value of f/5s.

2. This investigation indicates that

JEs (aurora at zenith)

fEs (no zenith aurora)” ™

3. The highest value of /s is observed when an
auroral are or band is present at the astronomical
zenith (not the magnetic zenith).

4. Zenithal aurora is generally accompanied by
Esa or sl traces.

5. Pulsating aurora is almost invariably accom-
panied by strong absorption or complete blackout.
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ionosonde and all-sky camera record.

3. Summary

From a study of simultaneous C-3 ionosonde
scalings of /s and auroral activity indices derived
from all-sky camera photographs, a qualitative re-
lation between high auroral activity and high f/s
is apparent. A statistical study of the same type
of data from two winter seasons gives further quan-
titative support for the foregoing conclusion. The
correlation coefficient for the auroral activity index
and fFs 1s 0.544. An “atlas” of frame-by-frame
comparisons of C-3 soundings and all-sky camera
photographs reveals a striking relationship between
the passage of an auroral band through the zenith
and an increase of f/Zs.  Illustrations of an increase of
fEs by a factor of 2 as the auroral form passes through
the zenith are given in the atlas.
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