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Abstract. A statistical analysis has been made of the inci- including the magnetic latitude of South Pole (Hargreaves
dence of auroral radio absorption events at South Pole, andt al., 1964; Hargreaves and Cowley, 1967a). At the higher
of its dependence on basic geophysical parameters such &asagnetic latitudes statistical investigations tend to be more
season, time of day, and magnetic activity level. It is founddifficult because the absorption events are smaller and less
that at low and moderate levels of activity the incidence of frequent. However, studies which have been made (e.g. Gill-
events in the winter season is at least twice that in the summor and Hargreaves, 1963; Satterblom et al., 1967) show
mer. However, at high activity no events at all occurred dur-some interesting features which are not evident at the lower
ing the local summer night, which appears to be explicablelatitudes.
as the effect of the magnetotail and the consequent distortion Conjugate-point observations made between the Cana-
of the magnetosphere when the southern polar region is tiltedlian Arctic and the Antarctic in the 1960s (Hargreaves and
strongly towards the Sun. Previous results from even higheChivers, 1965; Hargreaves and Cowley, 1967b) revealed a
latitudes show the effect in an even more exaggerated formseasonal variation in the relative intensity of conjugate ab-
in that both the day and night periods of absorption activity sorption events, their magnitude tending to be greater in the
exhibit strong seasonal variations. winter hemisphere. This effect was strong at the magnetic
latitude of South Pole (1:14) and less strong, though still
clearly present, at the latitude of Byrd Station~L). No
such effect was apparent between Eights Station (L=4) and
its conjugate. The effect could be due (i) to a seasonal dif-
) ference in electron precipitation and/or in the atmospheric
1 Introduction response to the precipitation, (i) to a relative shift in the po-
o ) ) sition of the occurrence zone, or to a combination of these
The incidence of auroral radio absorption, normally Observedfactors. A subsequent investigation using spaced riometers at

with riometers, is essentially zonal with an occurrence max- - (Hargreaves, 1969b) suggested that both kinds of cause
Imum at or near 6°79eomagnet|c_ latitude 6‘7)_' The width ._played some part at stations near the latitude of peak oc-
Of_ th? ab;orptlon zone, assuming a Gaussgn form of dISE:urrence. The situation regarding higher latitudes has never
tribution, is aboutt:7° on average. The magnitude and the been resolved, however.

rate of occurrence of absorption events at these latitudes vary
Zﬁgggggﬁ'tg ;hearl%vlczl O;nd(;stt#;blzgff d:Soflr':gleC?rt]Ziir%r:wn_ d_etail the incid_ence_ of auror_al absqrption at South Pol_e and

P, P . . . _higher magnetic latitudes, with particular regard to the influ-

also changes with the intensity of the disturbance, moving, - o< of season and activity level

down in latitude if the activity becomes more intense. The '

occurrence statistics of auroral absorption were thoroughly
investigated in the earlier years of riometer studies (Harg-
reaves, 1969a) with the emphasis placed on the activity a

and around the latitudes of maximum occurrence, but aISq?iometer data from South Pole recorded over the three-year
Correspondenceto: J. K. Hargreaves period 1990-1992 were inspected for the occurrence of ab-
(j.hargreaves@lancaster.ac.uk) sorption events peaking at or above a selected magnitude.

Keywords. lonosphere (Auroral ionosphere; Particle pre-
cipitation) — Magnetospheric physics (Magnetotail)

The purpose of the present study is to investigate in greater

Data
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712 J. K. Hargreaves: Seasonal variations in the incidence of auroral radio absorption events

14

‘ ‘ ‘ ‘ ‘ 3.2 Seasonal variation
night day night

12f 1 Figure 2a shows the event occurrence month by month, in
total and for the day and night periods separately. These
1of 1 are averages over all three years, 1990-1992. There is a
- ] — strong indication of a seasonal variation, in that relatively
8 1 more days with absorption activity occur during the months
] of the southern winter than during the summer. The effect
g - ] is most marked in the night period. There are substantial
variations from year to year, no doubt in part statistical but
4 ] possibly also related to variations in the general levels of geo-
physical activity.

Number per hour

3.3 Variations withA,

00 03 06 09 12 15 18 21 24

T According to previous studies the general level of auroral ab-

. . . . sorption varies with the magnetic activity as measured by the
Fig. 1. Incidence of auroral absorption events exceeding the thresh-Standard maanetic indices. The event magnitude depends on
old value at South Pole according to the time of day. Magnetic 9 ) ) P

midnight and noon are at about 04:00 and 16:00 UT, respectively._KP — log(absorption)x K, — (Hargreaves, 1966). Also the

The ordinate gives the total number of days in an average year thdf’cidence of events (exceeding some threshold magnitude)
an event occurred in an hour. in monthly periods is essentially linear with,(m), this lat-

ter being the monthly mean of the daily magnetic indgx
(Hargreaves et al., 1987).

The rometes perated at 36.20+z 1 1950 ana 1981, an, FOIE 2 MUSes 06 peceniage nence of s ey
at 51.4MHz in 1992. The threshold was set at 0.3 dB for 9 P ’ 9

1992, and at 0.54dB in 1990-1991. both of these limits be_month. The plot has been smoothed, and it clearly shows that

; ) . both magnetic activity and month are major factors.
ing equivalent to 0.88dB at 30 MHz. The basic method was The ir?cidence of )ellbsorption at Soutr{ Pole is shown in
simply to note the hour and month when events exceeding th‘f:i

. L . 4 as a function ofA ,, where the results are given for
threshold occurred, and the magnetic activity indgx for 9 . P
g y the four season/time-of-day groups as well as for the total.

that day. Days showing polar-cap absorption and any WlthThe day and night periods are, respectively, 08:00-17:00 and

poor quality data, for whatever reason, were disregarded. "b ) ) i X
. S .. 20:00-06:00 UT (Fig. 1), and the winter and summer seasons
studies of the monthly incidence, the count was multiplied are May—September and November—March (Fig. 2a).

by 30/N, where N is the number of days inspected, thereb ' .
y W ! . yS INSp y Panel (b) includes all days having good data, and shows

correcting the incidence to a standard month of 30 days. that if other factors are disregarded the probability of there
being at least one event in the day increases linearly with
A, overall. Given the linearity between event occurrence
andA,, some correction for the variation of magnetic activ-
3 Results ity may be applied to the observed monthly incidence. Thus,
Fig. 2b shows the ratio of occurrenceAg(m), whereA ,(m)
is the monthly mean of the , values for the days inspected.
The patterns are not altered significantly by this correction,
which confirms that the essential seasonal variation of occur-
Previous work has shown that at the latitude of South Pole theence is not an artifact due to activity variations from month
events occur principally within separate night and day peri-to month. (The month of December is anomalous for the
ods, the incidence being low for 2-3 h in the early morning daytime period, however.)
and the early evening (Hargreaves et al., 1964). The same Panels 4c to f also show significant daily and seasonal vari-
features are seen in the present results (Fig. 1), in whictations. ForA, values up to 25, the ratio between the per-
the ordinate is the number of events within the hour overcentage probability of an event occurring aagd is 1.1 for
one year. At South Pole magnetic time is about 4 h behindwinter day, 2.4 for winter night, 0.5 for summer day and 0.4
UT. The “night group” therefore extends from about 16:00 for summer night. In this respect summer night and day are
to 02:00 magnetic time, and the “day group” from 04:00 to about the same, but the probability for winter day is about
13:00 magnetic time, each occupying periods of 9 or 10 htwice as much, and that for winter night is more than twice
and centred about 4 h before magnetic midnight and noonas much again. Overall, the winter has significantly more ab-
respectively. These groups are marked on Fig. 1. sorption activity than the summer at the same level pf It

3.1 Diurnal variation

Ann. Geophys., 25, 711-720, 2007 www.ann-geophys.net/25/711/2007/



J. K. Hargreaves: Seasonal variations in the incidence of auroral radio absorption events 713

14} ! ! ! ! ! ! ! ! ! ! L 0.8 T p— T T T T T T — T
12} i 0.7 .
> 10} - 0.6 )
| | os -
= o 1 o4t -
< 4l ] 0.3 .
5 ] 0.2} -
0.1} -

0 0 I I I I I I I I I I I I

-8 1‘2"_ S W S 7] 83 S e e 5 B B B p—
- T i
g 10p 1 o> W >
o 8 i 0.5f .
£ 6 - 0.4} -
> 4r ] 0.3F .
o 2 i 0.2} §
0 0.1} .

| | | | | | | | | | | 0 I I I I I I I I I I I I

14f :

'8 12+ i 0.8 T T T T T T T T T T T T
- 10t m 0.7F 7
g sl | 0.6 .
E 6} i 0.5F 7]
o2 4t i 0.4 ]
z Ll 0.3} -
0 0.2} -
J FMAM]J J] AS OND 0.1} ]

Month 0 I I I I I I

| | | | | |
J FMAM]J] J] ASOND ]
Fig. 2a. Seasonal incidence of auroral absorption events at South Month
Pole over the whole day and within the day and night periods de-
fined in Fig. 1. The plot shows the number of days per year hav-Fig. 2b. Seasonal variation of the ratio “event incidentg(m)”,
ing at least one absorption event exceeding the threshold in a givewhereA ,(m) is the monthly mean o ,.
month. The data have been corrected to a uniform “30-day month”.
Summer and winter periods are marked.
3.4 Seasonal variation at high disturbance level
should be kept in mind that there are fewer data points at the
higher disturbance levels, and hence greater statistical varidf the data are now divided according to the time-of-day and
tion. seasonal groups an interesting distinction appears. Table 1
Although there are relatively few days with very high dis- shows the event occurrence in the four groups jf>60.
turbance, the probability of at least one event occurring dur-There were 9 such days in the summer periods and 14 in
ing the whole day seems to approach unity if all seasons anthe winter, 23 days in all. For three of the groups, the chance
times of day are included together. SpecificallyAif>60 of finding an event above the threshold was between 43 and
the probability of there being at least one event in the day67% , but no events at all occurred in the summer night pe-
is 0.78, and ford ,>70 it is 0.93. Our sample has 23 and riods. In fact, there were no events during the summer night
14 days in these categories respectively. For comparisonf A, exceeded 35 — note Fig. 4f — though there were 30
a similar analysis of event incidence at the Abisko stationdays for whichA ,>35. If the true event probability is 0.5,
(L=5.6), which is much closer to the maximum of the ab- the chance of finding none at all in 30 tests is less than 1 in
sorption zone, showed that, needed to exceed only about 108, which looks highly significant. It appears that there is
15 for the daily incidence there to approach unity (Hunsuckeran anomaly in the incidence of auroral absorption events at
and Hargreaves, 2003). In that case the threshold was 1dB &outh Pole during the summer night when the activity level
30 HMz. is very high.

www.ann-geophys.net/25/711/2007/ Ann. Geophys., 25, 711-720, 2007



714 J. K. Hargreaves: Seasonal variations in the incidence of auroral radio absorption events

South Pole events Table 1. Statistics of event occurrence at high activity, >60. The
1990 — 1992 daily and seasonal periods are those defined in Figs. 1 and 2.

Period Number of days Number having Percentage
percent whenA ,>60 an event occurrence
] g~ o Summer day 9 6 67

B 2-s80 Summer night 9 0 0
- 72 i

— Winter day 14 7 50
B 48 — 56 H i

. Winter night 14 6 43
] 32 - 40

] 24 - 32

[ 16 — 24

i 8 — 16

Bl 50w 8

Table 2. Monthly statistics of event occurrence in the night sector

. . ) i whenA ,>35.
Fig. 3. Probability of at least one absorption event occurring per day
at South Pole as functions of month aag. The first six months -
are repeated after month 12 (December). Month Nlumber ofdays Number with Percentage
with A,>35 an event
January 0 0 -
300 (a) Distribution of Ap (b) All events February 12 0 0
= of T T ] March 5 0 0
April 6 5 83
May 4 3 75
June 6 3 50
- July 6 5 83
Winter d d)s d
20F A Winterday 70 (&) Summerday August 13 4 31
ol _ 1 % i September 11 2 18
R0 ] =29 ] October 7 1 14
20} — | 2| 1 November 10 0 0
i R S s s ] December 3 0 0
(e) Winter night (f) Summer night
70 T T T T T T T 1
60 60
50 50
R40F ® 40
30 —t B 30 B . .
2l ] igi__'_'_ﬂ— ] 4 Occurrence patterns at very high latitude
GO 5 10 15 20 25 30 35 40 00 5 10 15 20 25 30 35 40
Ap Ap

Some of the earliest riometer observations in the Antarctic

Fig. 4. Variation of event incidence witd ;, overall and within the V.Vere actually made at IatltUQES We" In.SIde the main absorp-

defined daily and seasonal divisions. The histograms give the perElon 'zone.. Since the gb.sorptlon 'TS relatlvely Wea.k and .events

centage of days having at least one event. The statistical distributiof€!atively infrequent, it is more difficult to establish reliable

of A, over the three years 1990-1992 is also shown. statistics for these latitudes. Nevertheless, some published
results from Mirnyy and McMurdo (Table 3) are of interest to
the present topic. Figure 5 shows the occurrence of 30 MHz
absorption events at Mirnyy and McMurdo.

The month by month occurrence of days having at least Inthe Mirnyy investigation the threshold was set at 0.3 dB
one event in the night sector, over the three years 1990-1992¢t a radio frequency of 30 MHz (Gillmor and Hargreaves,
is given in Table 2 for days witld ,>35. From Aprilto July ~ 1963). Less than a year’s full data (from March 1961 to Jan-
at least 50% of such days had an event. The percentage deary 1962) were available, and the winter period (Fig. 5a)
clined from August to October, and then from November to covers 1 May—15 September, a total of 4 1/2 months, while
March there were no absorption events at all during the nighsummer (Fig. 5b) is represented by the 3 months November—
period. Apart from the Januarys, which were exceptionallyJanuary inclusive. These were the first observations of au-
quiet, these months had a normal quota of geomagneticallyoral radio-absorption events to be made in the Antarctic,
active days. We conclude that the absence of auroral aband the authors pointed out that the diurnal pattern of oc-
sorption whend , is high during the Antarctic summer night currence changed with the season. Figures 5a and b clearly
is highly significant, and is clearly a seasonal phenomenorindicate a preference for the night period in winter, and for
rather than a statistical accident. the day period (though the incidence is small) in the summer.

Ann. Geophys., 25, 711-720, 2007 www.ann-geophys.net/25/711/2007/
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Table 3. Station parameters.

Station Geographic Lvalue Magnetic

coordinates midnight
(approx)

South Pole (SPA)  90S, — 14 04:00 UT

Mirnyy (MIR) 66.6° S, 93.0E 19.5 21:00 UT

McMurdo (MCM) 77.85S,166.7E 30 07:00 UT

(a) Mirnyy winter (c) McMurdo winter
20 D ‘ ‘ ‘ ‘ N ‘ ‘ B 20 ‘ ‘N ‘ ‘ ‘ D‘ ‘

Number

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24

(b) Mirnyy summer (d) McMurdo summer
20 7 1 T T nn Fig. 6. Map of Antarctic continent with stations South Pole (SPA),
Mirnyy (MIR) and McMurdo (MCM), and constant L contours.
g 15 E 15
5 101 § 101 b
sumably operates at virtually all activity levels for which au-
° |-| ’_H_‘ | SM !"-H‘ | roral absorption occurs at these very high latitudes.
o rﬂ D ot L There is an element of consistency between the results
ut ut from South Pole, Mirnyy and McMurdo, which may be ap-

. ) ) . . preciated from the geography. In Fig. 6 the L-values are su-
F'_g't 5 Dtl)ur:/la_tl event occurr.enciﬂau/eré/ h'g_htlat!t”dd@,\z '\:/:m)éy perposed on a map of the Antarctic (after Hargreaves, 1967),
winter; (b) Mirnyy summer; (c) McMurdo winter; (d) McMurdo i the ohserving sites marked as SPA, MIR, and MCM re-
summer. The day and night periods of event occurrence were de- . . . -
. : . spectively. At midnight UT the Sun is on the X8ferid-
fined by inspection of the plots. ; . . . .

ian of geographical longitude, and relative to the map it
moves 18 westward each hour. For each of the stations the

The day and night periods marked on Fig. 5a cover aloproX__magnetic-night period of absorption occurs when the station

1 1 1 *
imately 03:00-13:00 and 14:00-01:00 local magnetic time,IS onthe opp05|t_e side of the magnetic pole (*) from the Sur_].
respectively. For Pole and Mirnny the time when the Sun, the magnetic

. s ole, and the station are aligned comes near the end of the
At McMurdo the absorption activity is even weaker. The P g

, night period of event incidence (Figs. 1 and 5). The situation
observations of Satterblom et al. (1967) covered 5 years from, ght b (Fig )

o . is slightly different for McMurdo, when the alignment falls
19,[6320_'%/'9:7’ and thle lg(gldence oftﬁvents exceed:?_g 0'253 earer the middle of the period. During the day periods, sta-
(@ Z) was only 5.6 per mon on average. FIgUres SGi, s are on the sunward side of the magnetic pole and similar
and d take May to September as winter and November tQ

considerations apply. In the summer season, when the pole

March as summer, each a period of 5 months duration. Th?s tilted toward the Sun, the night period of activity virtually

data fro;n all .5 r)]/tearst.a.rte n cltl;:ded._ ,?gam v(;/efseza cIea;r ptrefilanishes at the highest latitudes, while at South Pole it van-
erence for nignt aclivity In the winter and for day activily jqpeg 4t high activity. In the winter, when the pole is tilted

in the summer. The day and night periods marked on Fig. 5<:away from the Sun, it is the the day period of activity which

cover approximately 07:00-1400 and 21.00-03:00 magneti?/anishes at the highest latitudes (though not at South Pole).
time. Satterblom et al. remarked that September appeared to

be a transitional month between the summer and winter pat-
terns. 5 A basic explanation

In neither of these studies did the analysis take account
of A,, so we do not know at what level of disturbance the It is suggested that the lack of absorption during summer
events were seen or the asymmetry began to operate. Howtights at South Pole is a consequence of the changing geom-
ever, since the effect is present in the total set of data, it preetry of the magnetotail resulting from the seasonal change

www.ann-geophys.net/25/711/2007/ Ann. Geophys., 25, 711-720, 2007
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(a): Tailfield of 0 nT

5
Effect of a tail field hinged at 5Re .
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=
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Fig. 7. Field-line tracings on the night side for L=4, 7, 14, 20 and 30, showing the effect of increasing tail field. The neutral sheet has been
“hinged” to the dipole field at B (see text). In the Antarctic summer the angle between the geomagnetic equator and the ecliptic plane is
39°. The third line out represents the L-value of South Pole.
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Fig. 8. Night-side field tracings for the southern winter and northern summer, the angle between geomagnetic equator and ecliptic plane
being &.
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BT(nT)

10t
Ap

Table 4. Intersection distances (iRg) of the L=14 fieldlines with
the edge of a plasma sheet assumed to be Ry Balf-width, il-
° o lustrating the possible effects of increasing tail field and changing
season.
° B (nT) Winter, Summer, Summer, Winter,
North South North South
. 0 n/a n/a n/a n/a
3.1 8.8 13.2 14.2 12.9
6.2 8.9 14.8 15.0 135
9.3 9.0 16.9 16.2 14.0
12.4 9.1 19.9 17.5 14.7
15.5 9.2 25.7 19.4 15.4
18.6 9.2 >40 21.7 16.2
0 31 9.5 >40 >40 21.8
62 10.8 >40 >40 >40

Fig. 9. Relation between tail field observed by GEOTAIL just be-
fore the onset of substorms and the indgxfor that day (Courtesy

K. Shiokawa).

and most workers have made the connection at 8 ®®£L.0

the plasma sheet even for a large field. (For the table, the
computations were extended to 31 and 62 nT, equivalent to
fractions 1.10° and 2.10°3.)
in the orientation of the magnetosphere with respect to the \when it is midwinter in the south, the geomagnetic equa-
solar wind. The point is illustrated in Fig. 7 by means of tor js above the ecliptic but only by’8The effect then works
simplified models of the geomagnetic field, comprising just ajn the opposite direction but to a lesser extent (Fig. 8). The
dipole field plus a tail field. The tail field is assumed to com- separations between northern and southern intersections with
mence at & and to run parallel to the ecliptic plane (i.e. the plasma sheet are smaller, and the tail field has to be con-
in the Sun-Earth direction). This “hinging” of the tail goes sjderably larger before the southern (winter) line opens. For
back to the earliest attempts to model the effect of the tail onine [ines L=20 and 30 the effects are greater.

the shape of the magnetosphere (e.g. Speiser and Ness, 1967), this study the activity level has been quantified by the

magnetic disturbance indek,, and the relation betweeBy

The closer distance of B¢ has been used here because ob-5,q A, is not well defined though observations have indi-

servations indicate that the substorm in auroral absorptiongied a tendency for them to increase together. Early ob-
in the night sector begins at about L=5 (Hargreaves et al.geryations revealed the tail field to be larger on average for

1975). However, the value is tapered from zero &g5to

higher values of theK, index.

Values such as 8-25nT

the full value at 8. The tail fields have been selected as e quoted for conditions wheki, <2-, and of 10-30nT

3.1,6.2,9.3,12.4, 15.5 and 18.6nT, these being convenienit greaterx ,, with 40 nT seen only during the largest distur-
fractions (1.104 to 6.10°%) of the Earth's dipole field atthe pances (Behannon and Ness, 1966). A doubling of tail field
(to 30nT) was reported at the sudden commencement (SC)
At magnetic midnight in midsummer, the geomagnetic of a storm in whichk, rose to 6 (Ness and Williams, 1966).
equator in the anti-solar direction lies at an angle sonfe 39 In the present analysis a, value of 35 appears to be signif-

equator.

below the ecliptic plane. If the tail field (B is zero, the

icant. This would be roughly equivalent f,~4, at which

field-lines from magnetically conjugate points in Northern Br would (typically) be considerably enhanced.

and Southern Hemispheres join as expected and conjugacy is More recently, Shiokawa et al. (2005) used GEOTAIL data
preserved. The addition of a tail field moves the point wherefrom the years 1995—-2000 to investigate fluctuations of mag-
a selected field-line meets the neutral sheet further out, thaetic field at 8 to 11 Earth-radii during substorms. Figure 9
extension being greater in the Southern Hemisphere. Table ghows the values oy just before the substorm against the
gives the intersection not with the neutral sheet but with avalue ofA, on that day. (In some cases the observed value of
line three Earth-radii from it, representing the thickness of aB; may have been reduced by the pressure due to the plasma
typical plasma sheet. In the southern summer (northern winwithin the tail.) The correlation between these quantities is
ter) the line from the south meets the sheet several earth-radégain poor. There is a large rangeRyf at any selected value
further down the tail than the northern line, and the differenceof A ,, but the tendency for it to increase witt), is apparent:
increases with the magnitude of the tail field. When the fieldthere is a lack of large values 8f if A, is small, and a lack
reaches about 20 nT (in this model!) the southern line is ef-of small values ofBr if A, is large. On this evidence, also,
fectively open, whereas the northern line still connects intothe tail field is likely to be enhanced #f, exceeds 35.
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The simple calculations in this section should not be mis-interest to include IMF behaviour in further studies of ab-
taken for an accurate model of the magnetotail. They aresorption at very high latitudes.
intended only to illustrate a principle, and for a first-order

comparison with the observations. The agreement seems #$knowledgements. | am grateful to T. J. Rosenberg and D. L. De-
good as can be expected. trick for making available the riometer data from South Pole, and

to K. Shiokawa for sight of his data on the tail field and for helpful
comments. The study was begun during a visit to the University of
Maryland several eons ago.

6 Summary and discussion Topical Editor M. Pinnock thanks two referees for their help in
evaluating this paper.
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