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Abstract. Equinoctial summer/winter transitions in the pa- 1) large diurnal NmF2 variations in winter (up to an order
rameters of the F2-region are analyzed using ground-basedf magnitude), while in summer the NmF2 day/night ratio is
ionosonde and incoherent scatter observations. Average trammnly about a factor of 2;

sition from one type of diurnal NmF2 variation to another  2) the maximum in the diurnal NmF2 variations takes place
takes 20-25 days, but cases of very fast (6—10 days) tranaround 13 LT in winter, while in summer it shifts towards
sitions are observed as well. Strong day-time NmF2 devia18-20 LT, a morning peak can frequently occur;

tions of both signs from the monthly median, not related to  3) summer day-timéamF2 values are higher by about 20
geomagnetic activity, are revealed for the transition periodskm and in summer the layer is broader than in winter for the
Both longitudinal and latitudinal variations take place for the same geophysical conditions.

amplitude of such quiet time NmF2 deviations. The summer-  The transition in the diurnal variations of NmF2 amuiF2

type diurnal NmF2 variation during the transition period is from one type to the other is very rapid and occurs during
characterized by decreased atomic oxygen concentration [0d couple of weeks around equinoxes. The differences men-
and a small equatorward thermospheric wind compared tqioned above are supposed to reflect strong changes in neutral
winter-type days with strong poleward wind and increasedcomposition and thermospheric winds during the transition
[O]. Molecular N, and G concentrations remain practically periods.

unchanged in such day-to-day transitions. The main cause Global modelling of the thermosphere by Fuller-Rowell
of the F2—Iayer variations during the transition periods is theand Rees (1983) confirmed seasonal Changes of neutral com-
change of atomic oxygen abundance in the thermosphere reyosition caused by global circulation in the thermosphere.
lated to changes of global thermospheric circulation. A pos-Rishbeth and Niller-Wodarg (1999), using a 3D model of the
sible relationship with an equinoctial transition of atomic thermosphere, confirmed that seasonal changes take place
oxygen at the E-region heights is discussed. quite quickly around equinoxes, essentially between Febru-

Key words. Atmospheric composition and structure (ther- @y and April and between August and October. Shepherd
mosphere — composition and chemistry) — lonosphere (iono€t al. (1999) using ground-based and optical satellite obser-

sphere-atmosphere interactions; ionospheric disturbances) vations revealed strong variations in the integrated emission
rate for the oxygen airglow during the springtime transition

period. An increase by a factor of 2—3 in the emission rate

) was followed by a strong decrease by a factor of 10 down to

1 Introduction the summer time level for the oxygen emission rate. This en-
. - . hancement appears as a pulse that passes a given ground sta-

Two types of diurnalfoF2 variation (winter and summer) tion only once; this pulse may be considered as a large plan-

have been known for many years (e.g. Yonezawa, 1959)etary scale feature. WINDII emission rate profiles show that

Evans, In th? Iatg 60s, was prpbably the f'FSt to show thethis planetary scale feature is accompanied by strong vertical
effect of equinoctial transitions in the F2-region parameters

"o Millstone Hill incoh t scatter ob tions: h air motions. So, there are theoretical and experimental indi-
using WVitistone Hitl Inconerent Scatter obServations, Ne Pro-qqijqng of strong and sudden changes in the thermospheric
posed a relationship of this effect with changes in the global

h heric circulati E 1970. 1973, 1974). A circulation pattern around equinoxes and related changes in
thermospheric circulation (Evans, , , ). AC-pautral composition.

cording to his observations the main differences between the The aim of the present study is to consider the morphol-

winter and summer F2-region are the following: ogy of equinoctiafoF2 transitions using world-wide ground-
Correspondence tdK. Schlegel (schlegel@linmpi.mpg.de) based ionosonde data. In addition, incoherent scatter (IS)
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NmF2 variations, are analyzed to reveal the differences in

Table 1. lonosonde stations used in the study > -
neutral composition, temperature, and winds.

lonosonde station  Geog. lat., N Geog. long.,E  Magn. lat.

Sodankya 67.4 26.6 63.7 .
St. Petersburg 60.0 30.7 56.2 2 Morphology of the foF2 transitions

Moscow 55.5 37.3 50.8 . . .

Irkutsk 525 104.0 414 The equinoctiafoF2 transition morphology was analyzed us-
Alma-Ata 43.2 76.9 33.4 ing daily foF2 variations at six ionosonde stations (Table 1)

40.0 254.7 48.9 which allow us to consider both the latitudinal and longitu-
dinal formation of the effect in question. Years of solar min-
imum (1964, 1975, 1985) and maximum (1959, 1969, 1980)
from three different solar cycles were analyzed to check the
observations from Millstone Hill and EISCAT, for selected solar activity dependence. Both characteristits2 and
transition periods with winter and summer types of diurnal NmF2 = 1.24 x 10*(foF2)2, are used in the paper to de-

Boulder
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Table 2.1. Start and end dates of the equinoctial transitions for the latitudinal chain of stations during solar minimum. Dashes indicate
missing or poor observations

Years Sodanky St. Petersburg Alma-Ata
Start End Days Start End Days Start End Days

1964 spr 15Mar 29 Apr 45 15Mar 14 Apr 30 19 Mar 18 Apr 30
1964 aut 03Sep 12 Oct 39 09Sep 110ct 32 15Sep 30Sep 15
1975 spr — — — 21 Mar 01 Apr 11 16 Mar 30 Apr 45
1975aut 08 Sep 05 Oct 27 14 Sep 04 Oct 20 08Sep 120ct 34
1985spr 04 Mar 01 May 57 21 Mar 05 Apr 15 26 Mar 01 May 35
1985 aut — 02 Oct — 22Sep 08O0ct 16 04 Sep 08 Oct 34

Table 2.2.Same as Table 2.1, but for solar maximum

Years Sodanky St. Petersburg Alma-Ata
Start End Days Start End Days Start End Days
1959 spr — — — — — — ? ? —
1959 aut — — — 16 Sep 29 Sep 13 ? ? —

1969 spr 28 Mar 17 Apr 20 25 Mar 11 Apr 17 20 Mar 25 Apr 35
1969 aut 04 Sep 05 Oct 31 20Sep 06 Oct 16 11 Sep 01 Oct 20
1980 spr 24 Mar 13 Apr 20 25 Mar 07 Apr 13 24 Mar 06 Apr 13
1980 aut 22Sep 03O0ct 11 23Sep 030ct 10 20Sep 08 Oct 18

scribe the variation of the maximum electron concentration e S —normal summer-type diurnal NmF2 variation with;

gfreﬂzﬁt::o%d_:iﬁjr.(lzsig dl|;‘ferent types of diurntaiF2 variation (1) small diurnal NmF2 variation with NmRE2y/
T NmMF2nyin about 2-3;

ation with: ning peak and a gently sloping NmF2 decrease to-

wards night-time hours;
(1) verylarge diurnal NmF2 variation with the Nmk2/ (3) broad NmF2 day-time variation;
NmF2qyn ratio larger than an order of magnitude;

(2) well-developed diurnal maximum of NmF2 around
12-13 LT followed by a steep decrease of NmF2
towards evening hours; Unfortunately, the observddF2 variations cannot always

(3) relatively narrow NmF2 day-time variation; be classified according to the above scheme. Boulder, for

instance, exhibits summdoF2 variations with one well-
e SS —well-pronounced summer-type diurnal NmF2 vari- pronounced maximum around noon as in winter. A similar
ation with: type of variation takes place at Alma-Ata during solar max-
. . L . imum. This impedes a specification of the dates for win-
(1) small plateau-like diurnal NmF2 variation with @ ter/symmer transitions. The other characteristics (width of

e WS and SW - intermediate types of the NmF2 variation
in which winter or summer features prevail.

NMFZnaxy’NMF2nin ratio less then two; the NmF2 day-time variation, Nmfa,/NmF2nmin ratio) are
(2) two (morning and evening) NmF2 maxima and a ysed in these cases to specify the type. Perturbations of the
dip around noon; F2-layer, due to geomagnetic disturbances (especially pro-
(3) very broad NmF2 day-time variation; longed), also mask the date of transitions but the analysis has

shown that, usually, the transition period ends with a geo-

e W — normal winter-type diurnal NmF2 variation with: magnetic storm after which a new type of the diurfafi2
variation is established. Thus, F2-layer storms seem to help
in changing the type of diurnal variation.
_ The start and end dates of vernal and autumnal transitions
(2) diurnal NmF2 peak around 12-13 LT followed by 4 6 stations are given in Tables 2 and 3 for years of solar min-

relatively steep NmF2 decrease towards eveningimum and maximum. The stations are grouped according to

hours; latitudinal (Tables 2.1 and 2.2) and longitudinal (Tables 3.1
(3) relatively small width of the NmF2 day-time varia- and 3.2) variations. Observations are missing for some pe-

tion; riods (dashes) while only winter-typleF2 variations took

(1) large diurnal NmF2 variation with about an order
of magnitude NmFga/NmF2y, ratio;
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Table 3.1.Start and end dates of the equinoctial transitions for the longitudinal chain of stations during solar minimum

Years Moscow Irkutsk Boulder
Start End Days Start End Days Start End
1964 spr 16 Mar 09 Apr 24 19 Mar 07 Apr 19 13 Mar 22 Apr
1964 aut 21Sep 04 Oct 13 19Sep 01O0ct 12 29Sep 050ct
1975spr 19 Mar 01 Apr 13 22 Mar 17 Apr 26 19 Mar 01 Apr
1975aut 11Sep 06 Oct 25 21Sep 07 Oct 16 14 Sep 04 Oct
1985spr 21 Mar 31 Mar 10 22 Mar 13 Apr 22 17 Mar 05 Apr
1985aut 17 Sep 08 Oct 21 21 Sep 27 Sept 6 08 Sep 130ct
Table 3.2.Same as Table 3.1, but for solar maximum
Years Moscow Irkutsk Boulder
Start End Days Start End Days Start End
1959 spr 16 Mar 17 Apr 32 01 Apr 01 May 30 01 Apr 13 Apr
1959 aut 13Sep 26 Sep 13 09Sep 26 Sep 17 — —
1969 spr 27 Mar 23 Apr 27 20 Mar 09 Apr 20 02 Apr 20 Apr
1969 aut 21Sep 02O0ct 11 16 Sep 02 Oct 16 17Sep 10O0ct
1980 spr 25Mar 12 Apr 17 23 Mar 13 Apr 21 30 Mar 20 Apr
1980 aut 23 Sep 03 O0ct 10 — 05 Oct — 02Sep 050ct

place at Alma-Ata during 1959 and the transition dates Cc’deabIe 4. Start and end dates and durations averaged over all stations

not be detected (marked by ? in Table 2.2). On average thgs e equinoctial transitions
transitions occur during 20-25 days although the vernal tran-

sition. I.asts.: a little longer than the autumnal one. Thg vernal  period Startdate  End date Duration, days
transition is seen to start very close to the equinoctial date -
while the autumnal one starts earlier. Both transitions start ~ Solarmin - 18 Mat5 14 Apr:11 2H8
a little earlier at solar minimum and last longer compared to 14 Sepe7 06 OcttS 22+6
solar maximum (Table 4). Solarmax 26 Mat5 16 Aprt:7 2146
Although the mean transition lasts around three weeks 16 Sep=7 03 Octi4 175
there are cases of very fast change-over. For instance, 1964: Allyears 21 Mat6 15 Aprt9 25+7
15 Sept7 05 Octt4 205

autumn Boulder (7 days), 1985: spring Moscow (10 days)

and Irkutsk autumn (6 days), 1980: autumn St. Petersburg

(10 days), Sodankl(11 days), Moscow (10 days) (Tables 2

and 3). . . .
As was mentioned earlier, geomagnetic disturbances masgreOI as magnetically quiet. Nevertheless the day-time NmF2

th vzed effect i Both : ! eviations are very distinct — a factor of 2 in both cases. Vari-
€ analyzed €eflect In many cases. BOh €qUINOXES WETE I€lyy; o of the F2-layer maximum heightmF2, calculated
atively quiet in 1980; neither a pronounced latitudinal nor

longitudinal variation was found for the dates and durationsfrom the M(3000)F2 parameter using the Bradiey-Dudeney

. . - . (1973) expression, are given in Figs. 2 and 3 as well. Al-
of the transitions within the limits of accuracy available for though the absolute accuracy of suchharF2 determina-
these parameters.

tion may be not very high, relative (daily) variations can be

considered as reliable. Average day-time F2-layer heights
are indicated in Figs. 2 and 3 as thin lines. Some day-to-
dayhmF2 variations can be seen but these differences in the

During the equinoctial transitions, large deviationsfaf2 ~ a@veragehmF2 may be not meaningful keeping in mind the

from the monthly median occur as will be explained in the large fluctuations of the hourlgmF2 values. The most in-
following. The deviations can be positive or negative with t€resting resultis a relatively small datyrF2 change while

respect to the monthly median and they are not related to gth® NmF2 day-to-day variations are large. This peculiarity
omagnetic activity as usual F2-layer storms. Two such ex-0f NmF2 andhn2 daily variations is discussed later using

amples observed at Moscow on 29 Sep 1980 and 23 ApfS observations. It should be stressed that such NmF2 and
1980 are shown in Figs. 2 and 3. Dailp, 3-hourKp, hmF2 behavior is never observed at midlatitudes during F2-

and hourly AE indices are given as well. According to com- layer storms resulting from geomagnetic disturbances.
monly accepted classification, both periods can be consid- All available foF2 observations at Moscow (1958-1988)

3 Quiet-time F2-layer deviations
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Moscow, 27 - 30 Sep 1980
6.4 T T T T T T T T T T T T T T T

Fig. 2. An example of strong pos-
itive quiet-time NmF2 deviations ob-
served at Moscow in September 1980.
Monthly median NmF2 is shown as
solid line (top panel). Diurnal varia-
tions ofhmF2 inferred from M(3000)F2
parameter are shown in the second
panel. Averages ofinF2 from 10-15
LT are shown as horizontal thin lines.
Daily Ap, 3-hourKp and hourly AE in-

0 ' ' ' 24 ' ' ' 4'8 ' ' ' 72 ' ' ' 96 dices are shown in the third and fourth
LT, hours panels.

and St. Petersburg (1960-1989) have been analyzed. Ave(412/0) where the digits in brackets give the number of posi-
agedfoF2 values for 12—14 LT were compared with monthly tive/negative deviations. The frequency of positive and nega-
medians and cases with large (more than 40% in NmF2) detive deviations varies from year to year but no regularity has
viations were considered for quiekf < 12 for the day and been revealed yet. There are years (1960, 1973, 1974) when
the previous day) periods. The annual distribution of theseonly positive deviations took place while negative ones pre-
deviations is given in Fig. 4 for the two stations. Both nega- vailed in 1962, 1967, 1970.

tive and positive deviations (as well as their sum) show well-

pronounced maxima around the equinoxes, manifesting th%vere analyzed for the dates when strong effects were ob-
equinoctial transitions in the F2-region. Such quiet-time andserved in the European sector. The raio= NMF2ps/

relatively strong (NmFgh,s/NmMF2yeq > 40%) deviations are _
not numerous (see Fig. 4). The most abundant occurred ir’1\|mFzned for NmF2 values averaged over 3 hours (12-14

LT) was calculated for a longitudinal chain of midlatitude
1960 (12/0), 1967 (5/15), 1969 (11/10), 1970 (8/15), 1974stations (Fig. 5) for 29 Sep 1980 and 23 Apr 1980 (see Figs. 2

Spatial variations of the amplitude of NmF2 deviations
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Moscow, 21 - 24 Apr 1980

6.8 ———

Log NmF?2

hmF2, km
Co
®
2

to
X
2

. . . : . . . i . . i i i i Fig. 3. Same as Fig. 2 but for a strong
0 24 48 72 96 negative quiet time NmF2 deviation ob-
LT, hourg served at Moscow on 23 Apr 1980.

and 3). The number of available observations is not sufficientdynamics of such deviations.

especially in the western hemisphere to draw a confident con- Latitudinal variations ofR in the European sector for the
clusion, nevertheless, the main feature of these variations iswo days 29 Sep 1980 and 2 Apr 1992 (discussed later) with
clearly seen in the European sector where the number of obpositive NmF2 deviations are shown in Fig. 6. A well-pro-
servations is sufficient (Fig. 5). In both cases this looks like nounced latitudinal dependence is clearly seen in both cases
a wave with a steep front where both maximum and mini- with the amplitude of the NmF2 deviation increasing with
mum R values are located in a narrow longitudinal interval. latitude.

This behavior is similar to the springtime transition in atomic
oxygen reported by Shepherd et al. (1999) who suggested
a wave-like emission rate enhancement traveling westward”
An additional analysis of cases similar to 29 Sep and 23 Apr,
1980 (Figs. 2 and 3) is required to consider the longitudinal

Incoherent scatter data analysis

Incoherent scatter observations of the F2-region parame-
ters can provide necessary information on the thermospheric
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, observed during solar max-

Let us start with typical WW and SS types of diurnal
imum at Millstone Hill on 12 Jan 1990F g7

NmF2 variations to explore the main difference in aeronomic
of the diurnal NmF2 variation is about 15 for 12 Jan, while
it is only 2.5 on 26 Jun. Summer day-time (I UT — 5)

temeother important parameters such as total EUV solar flux or

perature and vertical plasma drift related to the meridionalO* + N3 reaction rate coefficient may be specified once and
neutral winds. The details of the method may be found in thefor all as in our previous analysis (Mikhailov and Schlegel,

above references; therefore only the main idea is sketche@000).

here. The standard set of IS observations ()

] Te(h),
servedN, (h) distribution can be found. The most important rs — 1804, Ap = 7) are shown in Fig. 7. The amplitude

parameters are: neutral composition (Q, ®>), tempera-

2000), applied to Millstone Hill and EISCAT observations parameters and they are our main concern in this study. The
ture T,,(h), total EUV solar flux, ion-molecular (O -+ Ny)

these observed parameters are contained in the continuityarameters responsible for such seasonal changes.

equations for the main ionospheric ions in the F2-region. Bynal NmF2 anchmE2 variations

tions (Mikhailov and Brster, 1999; Mikhailov and Schlegel, composition, temperature and winds are the most variable
fitting the calculatedv, (k) profile to the experimental one,

changes during the equinoctial transitions. A method devel+eaction rate constant and vertical plasma diift result-
oped by Mikhailov and Schlegel (1997), with later modifica- ing from the thermospheric winds and electric fields.Neutral

the set of main aeronomic parameters responsible for the obgs — 2003, Ap = 15) and 26 Jun 1990F (7

enables us to find thermospheric neutral composition
T; (h), V.(h) profiles) is the initial input information. All
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Table 5. Aeronomic parameters calculated for 300 km height and 12 LT at Millstone Hill for winter and summer days. MSIS-83 model
values (second line) are given for comparison

Date T.x log[O] log[Os] log[N,] O/Ny q/103 gll0—4 w
K) (@m3) (m3) (cm3) em3sY)  (sh  (mis)
12 Jan 1990 1142 8916  6.828 8218  4.99 1.04 1.81  -10.7
logNmF2=6.34 1183 9.023  7.084  8.472  3.56
hrF2 = 282 km
26 Jun 1990 1234 8708 6.959 8474 171 0.66 305 -1.2
logNmF2=5.77 1309 8.826 7.082 8541 193
hF2 = 290 km

hnmF2 values are higher than winter ones but the difference is  0.35 —_—
not so large due to a higher solar activity level for the win- | :‘\‘A %?as_e& 1%?5) ]
ter day. Seasonal variation of thermospheric winds and ez o5’ \.

lated neutral composition changes are crucial for understand—sE ’ aasy a

ing the observed seasonal difference in the F2-layer paramz A' 2 LN N

eters (lvanov-Kholodny and Mikhailov, 1986). The calcu- 2 0.75 N, BN RN
lation procedure of Mikhailov and Schlegel (1997) uses ob-g ] \ )/ NI N
served smoothed day-time profiles. Due to infrequent mea-%’,, 0.05 - R

surements at Millstone Hill (three per hour) available for the = -

analyzed periods, mediaN,(k), T.(h), T;(h), V,(h) pro- ] “

files were calculated over a 2.573.0 hou_r time interval cen- 005 e 30 T 230 380
tered around 12 LT and these height profiles were used in our Longitude, deg

calculations. The derived aeronomic parameters for the two

days are given in Table 5 together with F2-layer maximum ¢ 25 -

parameters read from the smoothiéd ) profiles. 1 23 Apr 1980 N

__ 0.154 (12-14 LT) Y N

The main difference between the winter and summer ther- ¢ 1a . ]

mosphere is a decreased atomic oxygen concentration iff 995 7! N ,

summer (despite higher neutral temperature) and increase b —0.05: . // “ S~ L7

concentrations of molecular species. Low [Q] results in “

lower ion production ratg in summer while increased B\

[O2] and temperature result in larger summer linear loss co- 1

efficient 8 (Table 5). Such variations of neutral composition ~ =257 «.

and temperature result, therefore, in lower summer NmF2  _, .. | -—

values compared to winter ones. This is a well-known F2- 0 90 180 270 360

. . Longitude, deg

layer seasonal anomaly (Yonezawa and Arima, 1959; Rish-

beth and Setty, 1961; Torr qnd Torr, 1973) analyzed in qeta'lFig. 5. Longitudinal variation for the amplitude of strong quiet-time

by Ivanov-Kholodny and Mikhailov (1986). Another win-  NmF2 deviations observed in the European sector on 29 Sep 1980

ter/summer difference is in vertical plasma drift, which,  (positive deviation) and 23 Apr 1980 (negative deviation). Northern

at midlatitudes and during quiet conditions, is mainly due hemisphere ionosonde stations located in the 50latitudinal cor-

to thermospheric winds. The calculated winter plasma driftridor are used in the analysis. The dashed line represents a polyno-

corresponds to a moderate (49 m/s) northward wind along thenial (the 8" order) least squares approximation. Note that maximal

magnetic meridian while the Corresponding summer merid_and minimal deviations are located in a narrow |Ongitudinal sector.

ional wind is close to zero. This is in line with the re-

sults of a recent wind analysis at Millstone Hill (Buonsanto

and Witasse, 1999). Therefore, the winter-type F2-layer pa- Let us consider if the same distinctive features can be

rameter variations is characterized by increased atomic oxyfound for the neighboring days of winter- and summer-like

gen concentration and northward thermospheric wind duringypes of diurnafoF2 variation at the time of equinoctial tran-

day-time hours. On the contrary, low [O] and small merid- sitions. Unlike continuous ground-based ionosofui ob-

ional wind characterize the summer conditions. These feaservations, IS measurements are not regular and long enough

tures are important for further analysis. Increased moleculato find pronounced cases of different (winter/summer) type

species M and @ concentrations in the summer F2-region of foF2 variations for magnetically quiet neighboring days.

are mainly due to higher neutral temperature (Table 5). An available (although not well-pronounced) example of

(Nm,ZN:

-0.154 & &

Log
1
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Table 6. Calculated thermospheric parameters at Millstone Hill 0.40

compared with MSIS-83 model predictions (second line) at 300 km.
T, values, derived with an algorithm used at Millstone Hill, are

29 Sep 1980
(12-14 LT) N

)

given in the third line E 0.30 -
Date Tox log[O] log[O2] log[N>2] w g .
-3 -3 -3 ~
K) (™) @) @md) (mis) 3 0.20
22 Sep 1998 1022  8.853 6.633 8.055 -65 &
logNmF2=598 1132 8.875  6.907  8.284 Z 1
hmF2=284km 1060 §° 0.10
23 Sep 1998 1074  8.657 6.607 8.066 +0.2
logNmF2=5.83 1160 8.885 6.960 8.321 |
hmF2=290km 1130 0.00

35 40 45 50 55 60 65 70
Geodetic latitude, deg
Millstone Hill observations in September 1998 is shown in 0.25 . . .
Fig. 8. The top panel of Fig. 8 givésF2 variations for 6 con- ’ 02 Aor 1992
) . : - pr
secutive days, while the bottom part shows diurnal variations (12-14 LT)
of NmF2 andhmF2 for two days analyzed with our method. — 0.20 - .
A winter-like (WS) type of thefoF2 variation on 22 Sep is &
followed by a summer (S) one on 23 Sep , both days beingE
magnetically quiet. It is interesting to note that the next day,E 0.1
24 Sep, was magnetically moderately disturbAg & 28) 2
but the day-timgoF2 values were larger than on 23 Sep. A &£
very disturbed day, 25 Sep with lofeF2, is followed by a &
moderately disturbed 26 Sep with a well-pronounced winter- g"
type (WW)foF2 diurnal variation. In this case, as mentioned = 0.05
earlier, geomagnetic storms seem to stimulate the transition
to the other type of diurndbF2 variation. While day-time 0.00
NmF2 values on 22 Sep are greater than on 23 SepytRe Y85 40 45 50 55 60 65 70
values are slightly lower. In general, 22 Sep/23 Sep can be Geodetic latitude, deg
regarded as belonging to the analyzed class of events. On
one hand they demonstrate the winter/summer transition; ofrig. 6. Latitudinal variation for the amplitude of quiet-time positive
the other hand, 23 Sep may be considered as an example BimF2 deviations observed in the Eqropean sectorlon 29 Sep 1980
a quiet-time negativéoF2 deviation. ano! 02 Apr_ 1992. Mostly European ionosonde stations are used to
Calculated thermospheric parameters, for the two days a?enve the figures.
18 UT (13 LT), are given in Table 6. The most important re-
sult is a 57% decrease in atomic oxygen concentration on 23
Sep with respect to 22 Sep, the concentration of moleculations during 31 Mar-03 Apr 1992. This period was previ-
species being practically unchanged. The calculated vertiously analyzed by Shepherd et al. (1999) and strong fluc-
cal plasma drift,W, is also different for the two days cor- tuations in atomic oxygen were revealed from optical obser-
responding to a northward meridional wind on 22 Sep andvations in the American and European longitudinal sectors.
being close to zero on 23 Sep. The 57% decrease in [O] aTherefore, an independent comparison for the same period
300 km corresponds to a depletion of the total atomic oxygermay be interesting. Figure 9 (top panel) giieE2 varia-
abundance as neutral temperature and neutral scale height aiens during the period in question while diurnal variations
larger on 23 Sep. Thig,, increase is seen in our calcula- of NmF2 andhmF2, for the two selected days, are shown in
tions, in the values derived at Millstone Hill with a different the bottom panels. 02 Apr demonstrates a well-pronounced
algorithm (Buonsanto and Pohlman, 1998), as well as in thaNVW-type diurnafoF2 variation with strongly increaséadF2
MSIS-83 model predictions. The latter however, just reflect avalues compared to the previous days. Although 31 Mar and
small increase ilpindex on 23 SepAp = 11) comparedto 01 Apr were slightly disturbedXp = 14 and 13), with day-
22 Sep Ap = 7). Therefore, the selected two days 22 Sep/23time electric fields of 12 and 7 mV/m for the two days, the
Sep demonstrate thermospheric parameter variations whicktrongfoF2 differences between 01 Apr and 02 Apr cannot
are typical for WW and SS days, analyzed earlier. The onlybe attributed to electric field effects. Similar to the 22/23
difference is a small change in molecular species concentraSep 1998 case at Millstone Hill, the observad~2 values
tions. are nearly the same for 01 Apr and 02 Apr during day-time
A similar analysis was performed using EISCAT observa- hours while the NmF2 values differ by 66% (Fig. 9, bottom).

0.10
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Table 7. Calculated thermospheric parameters at EISCAT Com_changes in [O] a”‘W on th|s_ q“"i‘”“tY are mostly compen-
pared with MSIS-83 model predictions (second line) at 300 km  Sated as they work in opposite directions (see later).

Date Tex Iog[Os] Iog[O;] Iog[Ng] w 5 Discussion

(K) (em™) (m™) (em™) (mfs)
01 Apr 1992 1241 8798  6.956  8.412 +1.6 Seasonal changes of neutral composition in the thermosphere
logNmF2=5.89 1337 8836  7.214 8.506 are due to seasonal variations in global thermospheric circu-
hnF2 = 301 km lation, according to present understanding confirmed by 3D
02 Apr 1992 1265 8984  7.026 8429 105 model calculations (e._g. Rishbeth andﬂM_zr-Wodarg, 1999, _
logNmF2=6.11 1269 8.883 7.089 8435 and references therein). Summer-to-winter flow of air, di-
hE2 = 309 km rected downwards at subauroral latitudes, enriches the win-

ter hemisphere with atomic oxygen while upward flow in
the summer hemisphere decreases the atomic oxygen abun-

dance. In accordance with this concept and with thermo-
Therefore, the chosen two days also belong to the same claggneric wind observations (Wickwar, 1989; Buonsanto and

of analyzed events. 02 Apr 1992 represents a good exampljitasse, 1999) strong poleward wind prevails during all day-
of a quiet time F2-layer deviation. The results of the ther- time hours in winter, while in summer the meridional wind

mospheric parameter calculations for the two days at 13 UTveIocity is much smaller with a direction change from pole-
(around 14 LT) are given in Table 7. ward to equatorward soon after 12 LT. Our calculations for
Analogous to the 22/23 Sep 1998 case, the calculationglays with winter and summer-type diurnal NmF2 variations
show a 53% increase in [O] on 02 Apr with respect to 01 reproduce such seasonal changes both in day-time thermo-
Apr, the concentration of molecular species being practicallyspheric wind velocity and in atomic oxygen abundance; i.e.
unchanged. The vertical plasma drif, is also different  days with winter-type diurnal NmF2 variation correspond
for the two days, corresponding to a northward meridionalto strong poleward wind and high [O] while summer-type
wind of 48 m/s on 02 Apr and to a small equatorward wind NmF2 variation corresponds to small (close to zero around
of 7.4 m/s on 01 Apr. The conversion & to meridional ~ 12-14 LT) meridional wind and low atomic oxygen concen-
wind is justified at the EISCAT location where the magnetic tration.
declination is smal{D = 1.24°) and the contribution of the The main difference between winter and summer types of
zonal thermospheric wind componentiois not essential.  diurnal NmF2 variation is characterized by lower day-time
We can conclude that, in the results of both incoherentsummer NmF2 (seasonal anomaly) and by larger night-time
scatter observations (Millstone Hill and EISCAT), the ob- summer NmF2 values compared to winter ones. This results
served quiet-time NmF2 deviations are entirely due to thein a low summer NmFRg2a/NmF2ni, ratio and a large width
atomic oxygen variation in the thermosphere. The change®f NmF2 day-time summer variation (SS and S types) com-
of the linear loss coefficiert = k1[N2] + k2[O2] are small  pared to winter ones (WW and W types). The results of our
(due to small [@], [N2] and reaction rate constamts, k2 calculations for 12 Jan 1990 and 26 Jun 1990 (Table 5) show
variations) and the relative solar EUV flux variations are alsothis behavior: Winter [O] values exceed the summer values
small for the neighbouring days. SmalhF2 daily varia- by 60% resulting in corresponding differences in the ion pro-
tions are due to negligible changesdrwhile the effects of  duction rateg. In summer, on the other hand, the linear loss
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coefficient 8 is 68% larger due to higher temperature and strong decrease (or even reversal) of the normal solar driven
molecular species concentrations. Lgvand larges result  northward wind and a decrease in atomic oxygen abundance
in low summer NmF2. This is the well-known explanation are presentin the analyzed 22 Sep/23 Sep 1998 and 01 Apr/02
of the F2-layer seasonal anomaly. Apr 1992 cases. In both cases, the difference in the ob-
served day-time NmF2 variations is almost all due to changes
é'n atomic oxygen concentration. Variations of JIN[O2]

ﬁand T, are small (Tables 6 and 7). This is different from

a strongly developed Winter (WW)/Summer(SS) case. For
neighboring days, during transition periods like 22 Sep/23
'Sep 1998 and 01 Apr/02 Apr 1992, changes in the linear loss

The role of vibrationally excited §in reducing summer
NmF2 is also discussed in the literature (Pavlov, 1986; Enni
et al., 1995; Pavlov et al., 1999, and references therein). |
accordance with the results of our previous analysis (Mikhai-
lov and Schlegel, 2000) we use, in our model calculations
recent laboratory measurements of the-ON reaction rate coeflicient 8 are small anchmF2 day-to-day variations re-

nstant (Hierl I., 1997) which takes the vibrationally ex- o
constant (Hierl etal., 1997) ch takes the vibrationally e sult from a competition between [O] anél as they work

cited N; into account. For the night, there is no seasonal; ite directi Thi b f .
F2-region anomaly; i.e. night-time summer NmF2 values'" OPPOSIte directions. IS can be seen from an approxi-

are higher than the corresponding winter values. This re_mate expression for day-tinterF-2 (lvanov-Kholodny and

sults in a seasonal difference of NMmEZNMF2in, as ob- Mikhailov, 1986) which, for constarit,,, may be written as:
served. This effect is not related to seasonal variations oiAhmF2 = H/3A In[O] + H/3AInB 4+ cAW Q)

neutral composition but is due to a different diurnal variation
of thermospheric winds during winter and summer (lvanov- (in m/s) is the vertical plasma drift, positive upward, and

Kholodny and Mikhailov, 1986). is a coefficient around 1.0-1.5. This qualitative expression

During the transition, we never observed, on adjacent dayd|lustrates the competition between the [O] aid contri-
such strong diurnal NmF2 variations as those shown in Fig. utions. Depending on [O] an®@, day-to-day changes of
for the completely developed WW- and SS-types on 12 JarAhmF2 may be positive or negative (cf. Tables 6 and 7, also
and 26 Jun 1990. Nevertheless, two distinctive features — &igs. 2 and 3).

where H is the neutral scale height for atomic oxygée#,
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Shepherd et al. (1999) observed large variations of atomidrol mass conservation, since it is assumed that this is accom-
oxygen concentration in the lower E region and related theselished in the lower thermosphere (below 160 km height)
to vertical air motions. Downward mass motion increases thewhere our method is not applied. Mass conservation can only
atomic oxygen abundance while upward motion depletes théve strictly achieved in a full 3-D model, whereas ours is es-
thermospheric [O] abundance. Using Millstone Hill IS ob- sentially a 1-D model. In previous calculations (Mikhailov,
servations it was shown by Ivanov-Kholodny et al. (1981) 1983) for a stationary thermosphere, the contribution of [O]
that day-to-day NmF2 andmF2 variations are in phase in and [&] changes (due to the difference in mass numbers) to
summer and that they are accompanied by similar variationshe total gas density compensated each other to a large extent.
in foE. The effect of simultaneous changes of electron con-n our present case, the calculatedb,J@hanges are small
centration in the ionospheric E and F2-regions was also theoand do not compensate the [O] variations (Tables 6 and 7).
retically modeled by Mikhailov (1983) who showed that such This may be a consequence of the limited accuracy of our
variations can be explained by day-to-day changes in vertimethod which is about 20% for the main species O and N
cal mass velocity of about 1-2 cm’sat E-region heights, (Mikhailov and Schlegel, 1997). The accuracy of the][O
resulting in [O] and [@] anti-phase changes. The results estimate should be even smaller since thec@ntribution to
of those model calculations yielded day-to-day variations atthe N, (k) formation is relatively small at F2-region heights.
300 km for neighbouring days of log[O] ~ 0.2(58%), On the other hand, it should be kept in mind that day-to-
Alog[O2] ~ 0.08(20%), and A log[N2] ~ 0.01. The lat- day changes of 35-40% in the total gas density (mostly due
ter results in very small changes of the linear loss coefficiento [O] variations) at the F2-region heights may be regarded
B. Such variations of [O] an@ agree with the results of our as a feature of a moving planetary wave (Fig. 5). Dynami-
present calculations of the thermospheric parameter changesl wave structure implies nodes and extrema in total density
for 22 Sep/23 Sep 1998 and 01 Apr/02 Apr 1992 (Tables 6and pressure; therefore, the neutral species may not be in a
and 7). diffusive equilibrium. Variations in the thermospheric total

) ) o gas density of the same order of magnitude were observed,
It should be noted that in our model is no provision to con-
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for instance, by ESRO-4 (Blss, 1982) and by DE-2 (Burns imum. This may be due to stronger thermospheric winds
and Killeen, 1992). and less inertia of the thermosphere during solar minimum.
An analysis of WINDII observations of the oxygen green Cases of very fast (6—10 days) transitions are revealed at par-
line emission rate by Ward et al. (1997) revealed verticalticular stations. Neither latitudinal nor longitudinal varia-
motions associated with a quasi-two day wave at E-regiortions, for the dates and duration of the transitions, could be
heights. Mean vertical winds of a few cm’shave been de-  derived within the available accuracy of these parameters.
duced from the WINDII data by Fauliot et al. (1997). Sim- 2. Strong (up to a factor of 2) day-time NmF2 devia-
ilarly, ground-based radar observations by Voiculescu et altions of both signs, not related to geomagnetic activity, are
(1999) proved a strong influence of the planetary quasi 2+evealed for the transitions. Both negative and positive de-
day wave on the mid-latitude E region. At F2-region heights, viations cluster around equinoxes suggesting a relationship
quasi 2-day oscillations in NmF2 are widely discussed in thewith the equinoctial transitions in the F2—region. The actual
literature (e.g. Apostolov et al., 1995; Forbes et al., 1997number of positive and negative deviations varies from year
and references therein). Unfortunately, Millstone Hill obser-to year but no regularity has been found. There are years
vations are not available at E-region heights for the analyzedq1960, 1973, 1974) when only positive deviations took place
period 22/23 Sep 1998 and particle precipitation perturbs thdout negative deviations prevailed in 1962, 1967, 1970.
auroral E-region (EISCAT location) even during rather quiet 3. The longitudinal variation pattern of such quiet-time
time periods. Therefore, it was not possible to check the presNmF2 deviations resembles a wave with a steep front since
ence of simultaneous electron density changes in E and FBoth maximum and minimum NmEg/NmF2neqVvalues are
regions for the two periods in question. But such an analysidocated in a narrow longitudinal interval. A well-pronounced
is possible with mid-latitude ground-based ionosonde obsertatitudinal increase of the amplitude of the NmF2 deviation
vations as performed by Mikhailov (1983). was observed for cases of positive NmF2 deviations. No lati-
The quiet-time NmF2 deviations during the transition pe- tudinal dependence was found for negative NmF2 deviations.
riods and its seasonal (Fig. 4) and spatial (Figs. 5 and 6) 4. Estimates of thermospheric parameters, using EIS-
dependencies have been described in detail in Sect. 3. OGAT and Millstone Hill IS observations for adjacent days
the one hand, such strong NmF2 deviations, of up to a facduring the transition periods with different type of diurnal
tor of 2 as on 29 Sep and 23 Apr 1980 (Figs. 2 and 3), areNmF2 variations, have shown that summer-like days are dis-
comparable with F2-layer storm effects related to strong geotinguished by decreased (by 55%) atomic oxygen con-
magnetic disturbances but their mechanism is different fromcentration compared to winter-like days, molecular and
usual F2-layer storm effects outlined above. On the otherO, concentrations being almost unchanged day-time merid-
hand, the spatial variations of their amplitude may tell usional thermospheric wind (inferred from vertical plasma drift
about longitudinal and latitudinal variations of the thermo- W) is small and equatorward for summer-like days unlike
spheric circulation pattern during the transition periods. Thethe strong northward winds for winter-like days. Therefore,
effect may be related to quasi 2-day oscillations occurringthe observed quiet-time NmF2 deviations are entirely due to
mainly during summer but with maximum amplitudes dur- the atomic oxygen variation in the thermosphere as the lin-
ing equinoxes (Forbes et al., 1992). Indeed, Fig. 4 showsar loss coefficient = k1[N2] + k»[O] variations are small
that strong quiet time NmF2 deviations are most probable(due to small [@], [N2] and reaction rate constants, ko
around equinoxes. A well-pronounced wave-like longitudi- variations). Relative solar EUV flux variations are also small
nal structure of such deviations (Fig. 5), with maxima and for the adjacent days. SmaihF2 day-to-day variations are
minima located in rather narrow longitudinal sectors, ob-due to negligible variation i while the effects of [O] and
viously reflects the corresponding longitudinal structure in W changes are compensated to a large extent as they work in
thermospheric winds during the transition periods. Obvi- opposite directions.
ously, the revealed effect of the quiet-time F2-region devia- 5. The main mechanism of day-to-day NmF2 variations,
tions needs further analysis using the world-wide ionosondejuring the transition periods resulting in winter/summer-like
network together with IS and optical observations. type of diurnal NmF2 variation as well as in NmF2 quiet time
deviations, is the change in atomic oxygen abundance in the
thermosphere. Such variations of atomic oxygen take place
6 Conclusions both at E and F2-region heights as they follow from direct
. ) ) optical observations in the lower thermosphere and incoher-
The main results of our analysis can be summarized as folant scatter data analysis in the F2-region. The most probable
lows: reason for such variations is a change in the global circulation
1. The transitions from winter to summer-type diurnal pattern manifested by day-to-day changes of the meridional
foF2 variation, averaged for 6 stations and years of solafyind in the F2-region and by vertical mass velocity varia-

maximum and minimum, occur during 20-25 days; the ver-tions inferred from observations at E-region heights.
nal transition lasts a little longer than the autumnal one. The
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