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Abstract. Storm effects at Fl-layer heights (160—-200 km) 1995; Buonsanto, 1999; Mikhailov, 2000; Richmond, 2000;
were analyzed for the first time using Millstone Hill (mid- Danilov and Lastovicka, 2001 and references therein). The
latitudes) and EISCAT (auroral zone) incoherent scatter (ISymain attention is paid to the F2-layer storm effects being
observations. The morphological study has shown both inthe most pronounced and impressive, while F1-layer distur-
creases (positive effect) and decreases (negative effect) ihances are practically not discussed. On the one hand, this is
electron concentration. Negative storm effects prevail for alldue to the problems with thieF1 identification (Shchepkin
seasons and show a larger magnitude than positive ones, ttand Vinitzky, 1981); on the other hand, F1-layer storm ef-
magnitude of the effect normally increasing with height. At fects are relatively small compared to the F2-layer ones and
Millstone Hill the summer storm effects are small comparedare not very important from the radio-wave propagation point
to other seasons, but they are well detectable. At EISCATof view. Theory of the F1-layer formation (Shchepkin, 1969;
this summer decrease takes place only with respect to the alshchepkin et al.,, 1972; Antonova and Ivanov-Kholodny,
tumnal period and the autumn/spring asymmetry in the storn1988a, b) indicates a close relationship between F1-layer
effects is well pronounced. Direct and significant correla- electron concentration and neutral composition. Therefore,
tion exists between deviations in electron concentration athe observed small reaction of the F1-region to the geomag-
the F1-layer heights and in the F2-layer maximum. Unlike netic disturbances followed by large perturbations in the ther-
the F2-layer the F1l-region demonstrates a relatively smalinospheric parameters is interesting from a physical point of
reaction to geomagnetic disturbances despite large perturiew and should be explained. Recently, Buresova and Las-
bations in thermospheric parameters. Aeronomic parametovicka (2001), and Buresova et al. (2002) have attempted to
ters extracted from IS observations are used to explain theystematize the F1-layer storm effects analyzh) pro-
revealed morphology. A competition between atomic andfiles obtained from the ionogram reduction over some Eu-
molecular ion contributions t&¥ e variations was found to be ropean ionosonde stations. The analysis revealed two in-
the main physical mechanism controlling the F1-layer stormteresting effects: (i) independently of the sign of the F2-
effect. The revealed morphology is shown to be related withlayer disturbance (positive or negative), the F1l-layer elec-
neutral composition (O, £ N) seasonal and storm-time tron concentration always decreases (negative storm effect),
variations. The present day understanding of the F1-regiorfii) there exists a summer/winter and autumn/spring asym-
formation mechanisms is sufficient to explain the observedmetry in the F1-layer geomagnetic storm effects. They have
storm effects. shown that the summer F1-layer (the electron concentration

Key words. Atmospheric composition and  structure at 160-190 km) practically does not react to geomagnetic

(thermosphere-composition and chemistry); ionosphere (ior'f':orms.’ Wh.”f a weg theth:]blte netgatlvelst;)rm eﬁf? ctttakes
chemistry and composition; ionospheric disturbances) place in winter, and also, that autumnal storm efiecls are
stronger than vernal ones. These conclusions need further

analysis to check whether such an F1-layer reaction is sys-
_ tematic or the results just reflect the peculiarity of the ob-
1 Introduction servations chosen. Electron concentration both in the F2-

o . and F1-regions is known to be strongly dependent on neu-
lonospheric disturbances related to geomagnetic storms arg,| composition as the processes of photoionization and re-

widely discussed in literature (see the reviews byplss, combination are mainly the same. So, in principle, one may
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0.4 -— tions. Usually Millstone Hill radar provides three (some-
Millstone Hill } times more) local heighiVe, Te, Ti and Vz profiles per
0.5 | (180 km) Eh ] hour, with a 21-km height resolution. We had to use a 3-
Lo s 4 h period of observation to calculate median height profiles
0.0 7IDmP 77777 o i with the standard deviations (SD) at each height. These me-
T N = dian profiles were then smoothed by a polynomial fit up to
g ozl A.. 4 o | the 5th order to be used in our analysis.
N L EISCAT multi-pulse observations provide excellent height
2 "*D ! profiles with a 3-km height resolution in the 87-260km
—0.47 *x O o 1 " 1 height range. Due to frequent (every 2-5 min) observations,
B elalelolel gutumn median profiles can be calculated over a 1-2 h period; there-
—0.6 1 | asaaa sﬁfgﬁ%er ] fore, for the interesting cases, two different periods within
;. oeeoo Winter one day can be considered for analysis (24/25 October 1990).
-0.8 ‘ — ‘ Usually the periods around noon of maximal stability in
-0 —06 713'1121 /Nm?l"g_l 0.6 7.0 NmF2 andhnF2 variations were selected to decrease the
! 4 scatter and provide reliable mediafe(h) profiles. Unlike
0.4 — ‘ Millstone Hill the EISCAT Ne(h) profiles are not normalized
EISCAT | by foF2 for each particular experiment, and this may resultin
(180 km) wrong relative deviations when disturbed and reference days
0217 1 are compared. Therefore, the following procedure was ap-
_ N : “ plied. Long-pulse observations are known to provide reliable
7 T . relative Ne(h) profiles at the F2-region heights. Using the
g " o e long-pulseNmF2/Ne (220 km) ratio, the multi-puls&mF2
~ W a* L value was calculated assuming that relafitgh) height pro-
2 —0.27 U ] files are the same in the (220 khirF2) height range both
* for long-pulse and multi-pulse observations. This calculated
04+ N N | skkix Autumn - NmF2 was then normalized by the obser¥el2 value mea-
mwwun Spring sured by the Tromsg or Kiruna ionosondes. Then the whole
44444 Summer Ne(h) multi-pulse profile was normalized by a correspond-
-0.6 ‘ e — T ing factor.
-1.0 -06 -02 0.2 0.6 1.0 .
Nrng/Nm,— 1 The observations were grouped by 4 seasons regardless

of the solar activity level. Since we analyzed only sunlit
Fig. 1. The relative (disturbed/quiet) deviatiofi&/ e at 180 km ver- Condlltlons EISCAT winter ob;ervatlons were not mcludeq.
sus relative deviationsNmF2 for Millstone Hill and EISCAT storm 1 n€ list of analyzed dates (disturbed/reference), along with
observations. daily A, and Fig7 indices, are given in Tables 1 and 2

for Millstone Hill and EISCAT, correspondingly. The ratios

r = Ndist/Nref, along with absolute errors fo¢mF2 and
seem to confirm this. With respect to the sign of the F1-layerNe at 5 heights (160-200 km), are given in the tables. Over-
storm effect, the ionogram reduction for Moscow (Zevakinaall, 37 cases from Millstone Hill and 26 cases from EISCAT
et al., 1971) yielded in some cases positivd e at F1-layer  were analyzed. The observations are seen to overlap all lev-
heights during daytime hours. Therefore, the aim of the pa-ls of solar activity from the deep minima in 1986, 1996 to
per is to analyze the effects of geomagnetic disturbances @he maximum in 1990-1991. A strong scatter in observa-
F1-layer heights (160—200 km) using Millstone Hill (middle tions for some dates (especially at Millstone Hill) results in
latitudes) and EISCAT (auroral zone) incoherent scatter (ISjabnormal SD values, and such cases are marked by dashes in
daytime observations, and to give a physical interpretation toTables 1 and 2. With regard to this, it should be noted that
the revealedVe(h) variations. while some wrong (due to occasional scatfég)values may

strongly affect the calculated SD, the median values used in

our analysis are much less sensitive to such scatter and are
2 Observations more reliable compared to meafe values.

Daily A, index is known to be a rather poor indicator of

All available Millstone Hill (zenith observations) and EIS- ionospheric disturbances. Therefore, one may find days in
CAT CP-1 and CP-2 (field-aligned multi-pulse, as well as Tables 1 and 2 with relatively low , values, which in fact
long-pulse) observations were examined to select couplesvere disturbed due to the preceding disturbed periods (e.g.
(disturbed/reference) of days with daytime observations. Wer May 1986, 28 September 1995 from Table 1 or 14 August
have tried to choose reference days to be geomagneticall$985, 26 March 1998 from Table 2). Due to this delay in the
quiet and close in time to the analyzed disturbed ones, bubccurrence of ionospheric disturbances, the reference days
this was impossible in some cases due to irregular observamay have relatively hight, indices, but in fact they were
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Table 1. List of Millstone Hill observations (disturbed/reference days), together with dgilyand F1q7 indices. ObservedNmF2 and
rNe at 160—200 km heights are given, together with absolute deviations (dashes correspond to large scatter in data when calculated standar
deviations are unreliable). G-conditions means the absence of the F2-layer peak, LT=UT-5

Winter
Dates uT Ap Fio7 rNmF2 rNe(160)  rNe(170)  rNe(180)  rNe(190)  rNe(200)
15/13 Jan 1988 15:00-20:00 63/7 112.4/108.1 @&4213 1.08+0.32 0.92+0.22 0.76£0.18 0.62+0.14 0.52+0.11
11/14 Jan 1990 18:00-21:00 18/8  169.5/165.9 #@H23 1.45+-0.92 1.34+0.73 1.23£0.62 1.14+0.47 1.04+0.46

25/23 Jan 1993 17:00-20:00 25/4  105.8/106.0 *3¥48 1.12£0.54 1.09-047 1.06£0.45 1.06+0.42 1.08+0.39
26/23 Jan 1993 17:00-20:00  22/4  106.5/106.0 *£Xb26 1.23+059 1.15+0.50 1.09+0.53 1.06+0.45 1.06+0.40
30/29 Nov 1994 15:30-18:35  21/9 78.3/79.6  0#80.20 0.82+0.15 0.83:£0.18 0.83+0.17 0.82+0.15 0.80+0.14
1Dec/29 Nov 1994  15:30-18:40  18/9 79.1/79.6 12024 1.03£0.18 1.03:0.16 1.04£0.15 1.04+0.13 1.05:0.16

10/9 Jan 1997 17:.00-19:20  32/5 75.4/73.7 #5204 0.81+0.18 0.69£0.13 0.60+0.09 0.55+0.07 0.48+0.06

7/9 Nov 1997 17:.00-20:00 44/11  94.4/86.4 058.06 097+£0.40 0.77£0.26 0.63£0.17 0.56+0.13 0.53+0.10

11/10 Feb 1999 16:00-18:00 20/6  163.5/152.4  1.26 — 0.90 — 0.89 — 0.87— 0.86 — 0.86 —

14/15 Feb 2001 16:30-18:30  18/5  137.9/135.1 @&8®05 0.45+0.11 0.51+0.07 0.57+0.07 0.61+0.06 0.65t 0.06
Spring

Dates uT Ap Fio7 rNmF2 rNe(160)  rNe(170)  rNe(180)  rNe(190)  rNe(200)

18/17 Mar 1990 16:30-19:30  35/3  196.4/182.0 H00.14 1.02+0.28 1.00+0.20 0.99+0.18 0.97+0.18 0.96+0.18
20/17 Mar 1990 16:30-19:30  30/3  223.9/182.0 (488.09 1.08£0.45 1.02+0.34 0.96+0.22 0.90+0.23 0.85+0.23
21/17 Mar 1990 17:20-18:55  76/3  227.6/182.0 (50.11 1.02£0.36 0.94+0.30 0.86:0.27 0.78+0.23 0.72+0.20
22/17 Mar 1990 18:20-20:00  28/3  243.1/182.0 (#4210 0.94+0.35 0.84+0.29 0.75-0.26 0.66+0.21 0.59+0.18

9/7 Apr 1990 16:40-20:00  34/8  146.8/155.0 0#48.08 0.86+0.24 0.83:0.21 0.80+0.19 0.76£0.15 0.72+0.12
10/7 Apr 1990 16:00-19:00 124/8 149.3/155.0 (96.01 0.90+0.19 0.79£0.15 0.67+£0.12 0.56+0.08 0.45+0.05
11/7 Apr 1990 16:00-20:00 64/8  160.8/155.0 0.57 — 1.01— 0.99 — 0.97 — 0.94— 0.91—
21/14 Mar 1996 18:00-20:30  38/9 70.4/70.8 0.89 — 0.70 — 0.72— 0.74 — 0.76 — 0.79 —

18/16 Apr 1996 17:00-20:00  25/9 70.1/68.3  180.24 1.15£0.29 1.08+£0.21 1.08:0.17 1.12£0.15 1.22+0.15
17/19 Apr 1999 17:00-20:00 47/12 115.7/110.0 (30.07 0.93+0.19 0.85t£0.15 0.76+£0.12 0.68+0.09 0.60+ 0.09
6/13 Apr 2000 17:.00-20:00 82/6  177.7/164.0 1.14— 0.65 — 0.61— 0.59 — 0.57 — 0.56 —
13/17 Apr 2001 15:00-19:00 50/6  137.0/126.0 (48.08 0.78+:0.10 0.74£0.09 0.68+0.07 0.60£0.06 0.53+0.05
18/17 Apr 2001 16:30-19:30 50/6  132.0/126.0 (04#6R2.08 0.87+0.11 0.82£0.10 0.78£0.09 0.75+0.09 0.73+0.08

Summer
Dates uT Ap Fio7 rNmF2 rNe(160)  rNe(170)  rNe(180)  rNe(190)  rNe(200)
6/8 May 1986 18:30-22:00  67/7 69.8/69.5 0F®.20 0.88+:0.49 0.84:£040 0.77£029 0.71+0.21 0.65-0.18
7/8 May 1986 19:00-22:00  12/7 69.9/69.5 08D.11 0.84+040 0.85:£0.36 0.84+£0.26 0.80+0.16 0.78+0.15
6/8 June 1991 19:00-21:00 49/26 241.3/250.7 *1B18 1.18+-0.96 1.21+0.92 1.24+0.89 1.26+0.85 1.29+0.78
9/8 June 1991 19:00-21:00 58/26 245.3/250.7 @&8B09 0.99+0.53 0.97+£0.48 0.94+0.45 0.88+0.40 0.81+0.36
10/8 June 1991 19:00-21:00 119/26 246.2/250.7 @&4811 0.99+0.53 0.95+0.48 0.89+0.43 0.83:0.38 0.76+0.32
4/1 Aug 1992 17:00-20:00  15/8 130.9/110.3 1430.10 1.14+0.37 1.09+0.10 1.04+0.11 1.02-0.14 1.02+0.13
5/1 Aug 1992 17:30-20:30  35/8  130.5/110.3 0£8.24 0.85+£0.49 0.87+0.45 0.86-0.44 0.82+-0.41 0.76+0.39
14/15 Aug 1994 15:.00-18:00 26/13  88.9/81.4  (480.08 0.95+£0.06 0.91+0.07 0.89:0.06 0.86+0.06 0.84+0.06
15/6 Jul 2000 15:20-19:20  164/5 213.1/174.3 13832 1.05+0.14 1.09+0.16 1.12+0.14 1.12+0.13 1.11+0.12
16/6 Jul 2000 15:30-19:30  50/5  218.9/174.3 G-cond @14 1.05+0.15 1.03:0.14 0.97+0.12 0.89+0.11

Autumn
Dates uT Ap Fio7 rNmF2 rNe(160)  rNe(170)  rNe(180)  rNe(190)  rNe(200)
28/25 Sep 1995 15:00-18:00  15/4 72.7174.0 0.59 — 0.94 — 091 — 0.86 — 0.80 — 0.76 —
715 Oct 1997 17:00-20:00  44/7 83.5/84.4 05D.06 0.84+0.34 0.77+£0.28 0.70+0.21 0.64+0.17 0.59+0.13

19/20 Oct 1998 16:00-20:00 62/22 117.7/121.2 @&3505 0.78:0.40 0.68£0.27 0.59+0.19 0.51+0.14 0.45:0.11
15/7 Oct 1999 17:00-18:30  31/5 198.2/129.4 H66.13 1.05£0.18 1.04+0.14 1.06£0.14 1.08+0.13 1.10+0.10
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Table 2. List of EISCAT observations (disturbed/reference days), together with dailyand F17 indices. ObservedNmF2 andrNe
at 160—200 km heights are given, together with absolute deviations (dashes correspond to large scatter in data when calculated standar
deviations are unreliable). G-conditions means the absence of the F2-layer peak, LT=UT+1

Spring
Dates uT Ap Fio7 rNmF2 rNe(160)  rNe(170)  rNe(180)  rNe(190)  rNe(200)

10/9 Apr 1990 13:15-14:15 124/34 149.3/146.8 G-cond £1P27 1.03+0.29 0.94+0.23 0.84+0.25 0.78£0.24
3/2 Apr 1992 14:00-15:00 32/6  159.7/161.2 (0#46.07 0.88:0.19 0.83t0.10 0.75+0.12 0.61+0.09 0.47+0.06
20/19 Mar 1996  11:00-12:30 23/15  69.3/69.9  (468.06 0.82£0.27 0.84+0.26 0.83:0.35 0.76£0.21 0.66+0.15
21/19 Mar 1996  11:00-12:30 38/15  70.4/69.9  (488.08 0.870.22 0.88+0.23 0.914+0.29 0.91+£0.21 0.89+0.25
25/24 Mar 1998  10:30-12:00  16/7  115.0/120.6 0480.15 1.00+0.47 0.95+0.39 0.90+0.46 0.84+0.31 0.78£0.31
26/24 Mar 1998  10:30-12:.00  12/7  110.0/120.6 Q#78.07 1.04£0.42 1.00+0.42 0.95-0.40 0.88£0.29 0.80+0.24
27/24 Mar 1998 10:30-12:00  15/7  108.1/120.6 (78.07 1.04£0.40 1.00+0.44 0.94+-0.39 0.84£0.33 0.71+0.28
9/8 Mar 1999 13:.00-14:30 21/12 127.1/126.9 40.06 1.23+0.80 1.04+0.46 0.83-0.58 0.64+0.42 0.49£041
10/8 Mar 1999  11:30-13:00 34/12 135.4/126.9 (@66.05 1.00£0.55 0.93:0.37 0.82£0.33 0.72+0.31 0.62+0.17

Summer
Dates uT Ap Fi07 rNmF2 rNe(160)  rNe(170)  rNe(180)  rNe(190)  rNe(200)

13/6 Aug 1985  14:30-15:30  41/3 68.9/779 0£68.15 0.8%0.16 0.83+0.12 0.80+£0.09 0.76£0.07 0.74+0.06
14/6 Aug 1985  11:30-13:00  11/3 69.3/77.9 0#9.03 0.83+0.02 0.82+0.02 0.82-0.02 0.81+0.03 0.81£0.03
14/13 June 1988 12:15-13:30 20/6  111.7/115.0 @&%603 0.82+£0.24 0.80£0.39 0.77£0.34 0.72+0.36 0.65+0.23
1/6 Sep 1988 11:00-12:30  21/3  191.3/152.4 (@5303 0.92+£0.19 0.88:0.19 0.80£0.21 0.72+0.17 0.65:0.16
28/31 Aug 1989  12:00-13:30  22/6  174.1/208.9 (488.06 0.88+0.38 0.88+0.42 0.8 047 0.91+0.40 0.92+0.36
30/31Aug 1989 10:30-12:.00 17/6  192.0/208.9 H128.12 1.05:£0.39 1.07+0.55 1114051 1.14£059 1.14+0.81
13/5 Jun 1990 12:20-13:40  70/5  208.8/153.7 @4@03 0.95+0.17 0.90£0.12 0.87£0.15 0.81+0.15 0.74+0.19
5/4 Aug 1992 11:00-12:00 35/15 130.5/130.9 50.06 0.86+0.05 0.84+0.07 0.80+0.07 0.72-0.08 0.63t 0.06
15/14 May 1997  15:00-16:30  56/6 73.0/73.5 G-cond. #2871 107059 0.91+0.48 0.78:0.37 0.68+0.30
27/26 Jun 1997  10:30-12:00  17/4 71.7/71.8 H2816 0.91+0.17 0.94£0.18 0.94£0.21 0.97£0.23 0.94+0.24

Autumn
Dates uT Ap F1o7 rNmF2 rNe(160)  rNe(170)  rNe(180)  rNe(190)  rNe(200)

22/21 Sep 1987  11:00-13:00 29/10 81.3/83.0 @8R08 0.78£0.23 0.79£0.27 0.80+0.24 0.79:0.27 0.76+0.24
23/21 Sep 1987  11:00-13:00 17/10 80.4/83.0 @6®12 0.88:£0.26 0.87+0.31 0.85+0.33 0.83:0.31 0.7%+0.28
24/23Sep 1998  10:00-12:00 28/11 135.4/1432 &7W07 1.04£0.24 1.04:0.33 1.05-0.38 1.04£0.32 1.01+0.36
10/9 Oct 1990 11:30-12:30  48/12 194.7/183.9 (2803 0.74£0.21 0.67+0.22 059021 0.49+0.16 0.39£0.11
11/9 Oct 1990 10:00-11:00 42/12 205.1/183.9 @(60.06 0.73+0.18 0.67+0.22 0.5%0.26 0.49+0.16 0.40+0.12
24/250ct1990  11:00-12:30  25/9  157.5/161.8 12@.05 0.94 — 0.95— 0.92 — 0.85— 0.76 —
24/250ct1990  13:30-15:.00 25/9  157.5/161.8 (t53.14 0.88 — 0.79 — 0.72 — 0.64 — 0.56 —

only slightly disturbed (e.g. 9 April 1990, 4 August 1992 heights (160 km), and this may be due to particle precipita-
from Table 2). The choice of 8 June 1991 and 20 Octobettion effects during disturbed periods.

199.8 (Table_l) as the reference days is due to the absence of Usually the amplitude of deviation increases with height
available quiet days nearby. (adecrease inNe in Tables 1 and 2), especially for negative
storm effect, but the inverse type of dependence is possible as
well (26/23 January 1993, 11/14 January 1990; 14/15 Febru-
ary 2001; 4/1 August 1992 from Table 1 or 21/19 March

Millstone Hill observations (Table 1) show both negative and 1996, 28/31 August 1989 from Table 2).

positive storm effects for all seasons, but negative deviations For the convenience of presentation we will consider
prevail. As a rule, positive deviations are relatively small sSNe = rNe — 1, together withrNe.  Figure 1
compared to negative ones. At EISCAT (the auroral zone)shows theSNe (at 180 km) versus NmF2 = (NmF2dist —
negative deviations dominate (Table 2). Some cases of smaNmF2ref)NmF2ref dependence for Millstone Hill and EIS-
positive storm effects (30/31 August 1989, 24/23 SeptembeCAT. Although the majority of points are clustering in the
1998) may be related to uncertaintiesfaf2 readings from  negative sector of the plots, there is an obvious relationship
ionograms used for th&¥ e(h) profile normalization. On the between the analyzed parameters. To check whether this de-
other hand, positive deviations are more pronounced at lowependence is significant, we put together the data for all sea-

3 Data analysis
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Table 3. Correlation betweefNe at F1-layer heights angiVmF2 3. There is a direct _and significant correlation_between
for Millstone Hill and EISCAT §Ne at Fl-layer heights antiVmF2, the correlation co-

efficients increasing with height.

. Millstone Hill . EISCAT , 4. At Millstone Hill the summer storm effects #We are

Heklriht' CO;' F param. | Colm;ld. C(;f”' F param. | Clor;fld. less compared to other seasons, but they are well de-
coett evel, % _ coeft evel, % tectable, nevertheless. At EISCAT an autumn/spring

160  0.38 5.80 95 0.14 0.45 None asymmetry in the storm effect is well pronounced, while

170 0.0 117 99 0.44 5.18 95 the summer effect takes place only with respect to the

180 063 234 9 065 163 99 autumnal season. These differences are statistically sig-

190 0.73 40.0 99 0.75 28.7 99 nificant.

200 0.80 62.0 99 0.77 31.2 99

5. It should be stressed that in general a relatively small
sensitivity of the F1-region to geomagnetic disturbances
exists despite large storm perturbations in the thermo-
spheric parameters (see later). This is quite different
from the F2-layer storm behavior.

sons from Tables 1 and 2 and calculated the correlation co-
efficients betweed Ne (180) andSNmF2. The test of sta-
tistical significance for this correlation was made with the

Fisher's F-criterion (Pollard, 1977). The results are given in - ap, interpretation of the revealed morphological features is

Table 3. The correlation coefficients are seen to be not veryien pelow based on the contemporary understanding of the
large but they are significant at the 95—-99% confidence 'eVElionosphere formation at F1-layer heights.

The observations at 160 km show large scatter and look less
reliable compared to higher altitudes.

The results by Buresova and Lastovicka (2001) and4 Model calculations
Buresova et al. (2002) show some seasonal effect (win-
ter/summer and autumn/spring asymmetry) in k&1 re-  To understand the physical mechanism of the revealed F1-
action to the geomagnetic disturbances. We have calculatel®yer storm effects, one should consider the aeronomic pa-
average Ne from Tables 1 and 2 for different seasons. Theserameters responsible for the F1-layer formation during quiet
average values, along with the standard deviations, are give@ind disturbed conditions. A method proposed by Mikhailov
in Table 4 for Millstone Hill and EISCAT. The storm ef- and Schlegel (1997), with later modifications (Mikhailov
fect is seen to be less in summer compared to other seaso@§d Forster, 1999; Mikhailov and Schlegel, 2000) applied
at Millstone Hill. At EISCAT this summer effect is seen earlier to Millstone Hill observations (Mikhailov and Fos-
only with respect to autumn, but an autumn/spring asymmeder, 1997; Mikhailov and &rster, 1997, 1999) and EIS-
try is clearly present in the storm effect. To check whether CAT observations (Mikhailov and Schlegel, 1998; Mikhailov
these seasonal differences are significant, we put togethegnd Kofman, 2001) is used here. It allows us to find in a
all heights in Table 4 and applied the Student’s T-criterion Self-consistent way neutral composition (O3, ®lz concen-
(Pollard, 1977), which examines whether the difference bed{rations), neutral temperature specified by three parameters
tween two average values is significant. At Millstone Hill (Zex, T120, S), total EUV solar flux withA < 1050A, and
the summer/winter difference is significant at the 90%, sum-ion composition. Vertical plasma drift related to thermo-
mer/spring — at 99.9%, summer/autumn — at 99.9% confi-Spheric winds and electric fields can also be derived with
dence level, while the autumn/spring difference is insignif- this method, but they are not used in the present analysis.
icant. At EISCAT the summer/autumn difference is signifi- The details of the method may be found in the above refer-
cant at the 99%, autumn/spring — at 97.5% confidence levelences; therefore, only the main idea is sketched here. The
while the summer/spring difference is insignificant. Table 4 model used includes: transport process fén€5) and pho-
also shows the decrease with height in calculat®d, in-  tochemical processes only for'@D), Ot (?P), O3 (X?[]),
dicating the increase in the storm effect with height for all N*, N3 and NO" ions in the 120-550 km height range. De-

seasons. pending on conditions the height interval can be changed (for
The results of the morphological analysis may be summadinstance, to avoid the precipitation effect at lower heights)
rized as follows: and the observed electron concentration is used as the bound-

ary condition. A two-component model of the solar EUV
1. The storm effects may be positive and negative but negfrom Nusinov (1992) is used to calculate the photoionization
ative deviations prevail. As arule, positive storm effects rates in 35-wavelength intervals (100—10"50 The photo-
are small compared to negative ones. ionization and photo-absorption cross sections are obtained
from Torr et al. (1979) and Richards and Torr (1988). Flow-
2. Usually the amplitude of the storm effect increases withing afterglow laboratory measurements of thé © N, re-
height (especially for negative ones), but cases with theaction rate constant by Hierl et al. (1997) are included as
inverse type of dependence also take place both at Mill-well. Vertical plasma drift used in the continuity equation
stone Hill and EISCAT. for Ot ions is obtained from the observed parameters as a
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Table 4. Observed seasonal variation of th¥e values at F1-layer heights for Millstone Hill and EISCAT. Average daytime values along
with standard deviations are given

Height Millstone Hill EISCAT
km Winter Spring Summer Autumn Spring Summer Autumn

160 0.99+0.27 0.92+£0.15 0.99£0.12 0.90+£0.12 1.00+:0.13 0.93+0.12 0.86t0.11
170 0.92+£0.24 0.86+:0.14 0.98+-0.12 0.85£0.16 0.94t£0.08 0.90+0.10 0.83+0.14
180 0.87£0.23 0.82+-0.14 0.96+:0.14 0.80+£0.20 0.87£0.07 0.87+0.10 0.79+0.17
190 0.83+0.23 0.77£0.17 0.93t£0.17 0.76£0.24 0.78+:0.11 0.83:0.13 0.73£0.20
200 0.81+0.25 0.74+:0.21 0.89+-0.19 0.72£0.28 0.69£0.14 0.79+:0.16 0.67+0.23

difference between measured total vertical plasma velocity soo
and diffusion velocity for @ ions. Collisions of G ions
with neutral O, @, N> and NOF, OF, NI, NT ions are taken
into account. All O ion collision frequencies are taken from ¢
Banks and Kockarts (1973). lon concentrations are known at* | Y950 %050 O
each iteration step from fitting calculatdtk () to the exper- %300*
imental ones. Using standard multi-regressional methods we2
fit the calculatedVe(h) profile to the observed one and find ;|
the earlier mentioned aeronomic parameters. The estimated
accuracy of the extracted thermospheric parameters is about
+20-25% (Mikhailov and Schlegel, 1997, 2000). 0% 5o sz 54 s | 58 6o
Four cases (disturbed/quiet) of days presenting different
seasons were analyzed. Winter and spring are presented by s,
Millstone Hill observations on 7/9 November 1997 and 22/17
March 1990, with a well pronounced negative storm effect
and increasing Ne with height. Summer and autumn are 540
presented by EISCAT observations on 13/5 June 1990 and* | 155027500 00
1/6 September 1988, with small storm effects at F1—Iayer§03007
heights. In fact, the 1/6 September case may be prescribed
to summer and later, we will refer to June 1990 and Septem-
ber 1988 periods as “summer”. Since winter and equinoctial
periods demonstrate similar storm effects (Table 4), we will
refer to November 1997 and March 1990 periods as “winter” 7900 &~ o T s a9 61
in further discussion. Log Ne, em”
Millstone Hill observations during a very severe geomag- .,
netic storm on 15-16 July 2000 were also analyzed. This
period considered by Buresova et al. (2002) is distinguished
by small F1-layer storm effects, despite the extremely strong 4007
geomagnetic storm witd , index up to 164. S
The selected EISCAT observations are characterized by‘g’u 300+
small £ < 7mV/m) electric fields in order not to intro- & | 18505900 00
duce additional effects (St.-Maurice and Schunk, 1979; Hu-
bert and Kinzelin, 1992) to the model calculations. This al-
lows us to consider the daytime auroral ionosphere as a mid-
latitude one (Farmer et al., 1984; Lathuille and Brekke, o 5. 5% 5% 6o
1985). However, EISCAT is located in the auroral zone, and Log Ne, em™
particle precipitation takes place in some cases during dis-
turbed periods. For instance, 25 September 1998 was ndtig. 2. Observed (corrected on ion composition) and calculated
used in our analysis for this reason; a pronounced increas& ¢(%) profiles for winter (7/9 November 1997), summer (13/5 June
in Ne obviously related with particle precipitation took place 1990) and a very severe geomagnetic storm on 15-16 July 2000.
at lower heights on 9 March 1999. But such cases are not
numerous in our analysis.
The experimentaNe(h), Te(h), Ti(h) profiles were cor-  tion (O™ /Ne ratio) was strongly different from the model
rected for disturbed days when the calculated ion composione used in the incoherent scatter data analysis (Waldteufel,

Millstone Hill
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- — — Observed

Nov 09.97 (QD)
1700-2000 UT
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- — — Observed
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2007 Jun 05.90 (QD)
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7
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He

200+
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Fig. 3. Calculated distribution of atomic oxygernCand molecular  Fig. 4. Same as Fig. 3, but a simple analytical approach (Eq. 4) was
M™ ions as well as their sum, Ne for winter (7 Nov/9 Nov 1997) used in the calculations. Note a close resemblance with Fig. 3.
and summer (13 Jun/5 Jun 1990) disturbances. Solid lines and filled

symbols refer to the disturbed days.
followed by the dissociative recombination of molecular ions

with electrons. This scheme of processes may be written as
1971; Mikhailov and Schlegel, 1997).

+\ — 10+
The observed and calculatede(h) profiles for winter q(O+) =10 ]{VlELNZ] +72[02}

7/9 November 1997, summer 5/13 June 1990, and the se?(N3) = ¥3[Ol[N;]
vere summer storm conditions of 15-16 July 2000 are shown, (OF) + 72[02][0"] = a2[OF N,
in Fig. 2. The selected periods are seen to exhibit stron 4 41 4
storm effects in the F2-region, while the F1-region effects aré:])/l['\IZ][oJr I+ ygj[LO][NZ] : «1[(NOTIN.
small, especially in summer. The 15-16 July 2000 period isNe = [O"]1+[O; 1+ [NO™], (1)
very interesting, demonstra_tipg a positive storm effect on 15\Nhereqi — primary ion production rates; — ion-molecule
July and so-called "G-conditions on 16 July, when the F2- o tion rate coefficients, ang — dissociative recombina-
layer maximum has completely disappeared at usual heightg;, rate coefficients. Equilibrium concentration of Nons

The quality of modelNe(h) fitting may be considered as g yegjigible compared to the main ions (e.g. Goldberg and
acceptable. For further analysis we will need ion composi-g| mle 1970).

tion. The calculated distribution of Oand molecular ions For the sake of simplicity we consider in accordance with
+ _ + + . . .

M™ = O, +NO™ concentrations are shown in Fig. 3 for 4y Kholodny and Nikoljsky (1969) the ionosphere at

quiet (QD) and disturbed (DD) days. F1-region heights consisting of atomictGand molecular

M+ = NOT + OF ions. From Eqg. (1) we have for Oions
. q(O") = B[O™], whereg = y1[N2]+y2[O2] and for molec-
5 Interpretation ular ions M" = NO* 4 O, both produced by direct pho-

Physical interpretation of the obtained results may be giventmomzatmn and via ion-molecule reactions, we may write

from an analysis _of a simple_schgme of photochemicaly (O") + g(M™) = g = age[MTIN,, 2)
processes controlling the daytime ionosphere at F1-layer

heights. The main processes are photoionization of neutraiVhere

[O], [O2], [N2] by solar EUV radiation, the conversion of [NOT] [O;]

primary ions to molecular ones via ion-molecule reactions,%ave = @1 M+] o2 M+]
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Fig. 5. Calculated ion production rates for the analyzed distur-
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layer storm effects in winter and equinoxes compared to sum-
mer. The differences (disturbed minus quiet) f@"] and
[MT], as well as forNe at 180 km, are shown in Table 5 for
“winter” and “summer” cases.

Table 5 shows thdi0O"] and[M™] change in opposite di-
rections. NormallyfO*] decreases whilgM*] always in-
creases in disturbed conditions. Ti@"] decrease usually
prevails, especially in “winter”, and this determines the nega-
tive sign of the storm effect observed in the majority of cases
(Tables 1 and 2). The “summeiM™] increase is larger com-
pared to the “winter” one, and the resultant negative storm ef-
fect is less in summer due to this compensation. The 15-16
July 2000 storm effects will be discussed later.

Let us consider the aeronomic parameters responsible for
such seasonal differences[{@*] and[M*] storm-time vari-
ations. Table 6 gives calculated changes (at 180 kniin
[O2], [N2], g¢(O™), in total ion production ratg, as well as
in linear loss coefficieng. Generally, the atomic oxygen ion
concentration decreases for disturbed periods, and this is due
to a decrease ig(O™) and an increase i (see the first
term in Eg. 4). The molecular ion concentratipv*] al-
ways increases for the storm periods (Table 5), but this is due
to different reasons in “summer” and in “winter”. The second
term of Eq. (4) indicates th@i ] depends on three parame-
ters. Our analysis has shown that the increase of the total ion
production ratey is the main channel for thev*] increase
in “summer”, whilea,,, and Ne changes are less, and they
work in opposite directions, compensating each other to a
great extent. In “winter’y variations are small (Fig. 5 and
Table 6) and the main contribution to tid*] increase pro-
vides the decrease iNe, as this leads to a decrease in the
M recombination rate. Figure 5 (top panel) shows that quiet

is the average-weighted dissociative recombination rate coefime¢(O™) andg (N3) are close at F1-layer heights in “win-

ficient. Keeping in mind thatM*] = Ne — [OT] and[O*]
=¢(0O™)/B, we obtain from Eq. (2)

o+
N2on 49D 4 g 3)
B Agve
Equation (3) may be rewritten as
q(0") q
N, = . 4
B * QgqyeNe ( )

The first term in Eqg. (4) presents the"Qon concentration
and the second term —the concentration df idns. The two
terms of Eq. (4), as well as their sum, are shown in Fig. 4 for
7/9 November 1997 and 5/13 June 1990 to be compared wit
the model calculated distributions (Fig. 3) when the complet
set of pertinent processes is taken into account. The two fig
ures are seen to be very similar; therefore, our simplified ap
proach (Eq. 4) may be used for physical interpretation.

i}
e

ter”, while the disturbed values varying in opposite directions
compensate each other to a great extent. In “summer” the
initial quiet timeg (0O™) andq(NgL) values differ essentially
(Fig. 5, bottom) and the additional large increase;{hl;)

and also inq(Oér) overpowers the decreaseqgitO™). This
results in a noticeable increase in the total ion production
rate.

The F1-layer is formed in the vicinity of the total ion pro-
duction rate maximum (Fig. 5), so the absorption of EUV
radiation is not very large (the optical depth= 1) and the
specificq; are roughly proportional to the concentration of
the ionized neutral species. Therefore, the calculated varia-
tions ing; roughly reflect the variations in neutral composi-
tion. The calculated variations of molecular species concen-
trations (Table 6) clearly indicate the seasonal difference in

the thermosphere reaction to the geomagnetic disturbances.

This results in largeAg in “summer”.
Some autumn/spring asymmetry in the Fl-layer storm

5.1 Seasonal difference in the F1-layer reaction to geomageffect mentioned earlier can be related to an asymmetry

netic storms

in atomic oxygen annual variations in the thermosphere,
with [O] being more abundant in late autumn compared

Our morphological analysis (Table 4), as well as the resultso spring, according to the thermospheric model MSIS-86

by Buresova et al. (2002), indicate more pronounced F1{Hedin, 1987).

In general, seasonal variations of the F1-
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Table 5. Differences at 180 km (disturbed-quiet) in atomic and molecular ion concentrations as welVagan “winter” and “summer”
disturbances

Dates A[OT] x 10° em™3  A[MT] x 10° cm™3  A[Ne] x 10° cm™3
“Winter”
7/9 Nov 1997 —-0.95 +0.22 -0.73
22/17 Mar 1990 -1.07 +0.26 -0.81
“Summer”
13/5 June 1990 —-0.83 +0.57 —-0.26
1/6 Sep 1988 -0.78 +0.41 -0.37
“The 15/16 July 2000 storm”
15/6 Jul 2000 +0.08 +0.14 +0.22
16/6 Jul 2000 —-0.22 +0.11 -0.11

Table 6. Calculated variations at 180 km in neutral composition, ion production rates and linear loss coefficient for “winter” and “summer”
disturbances

Dates Alog[O] Alog[O;] Alog[N2]  Alogg(OT) Alogg AlogB
“Winter”
7/9 Nov 1997  —0.190 +0.220 +0.170 —0.237 —0.017 +0.259
22/17 Mar 1990 —0.025 +0.245 +0.155 —0.133 -0.022 +0.167
“Summer”
13/5Jun 1990 —0.084 +0.428 +0.249 —0.069 +0.144  +0.351
1/6 Sep 1988  —0.162 +0.339 +0.256 —0.149 +0.127  +0.304

“The 15/16 July 2000 storm”

15/6 Jul 2000 +0.169 +0.106 +0.05 +0.155 +0.06 +0.07
16/6 July 2000 —0.349 +0.213 —0.02 —0.191 +0.02 +0.08

“Height decreasing positive storm effect”
11/14 Jan 1990 -0.231 —0.075 —0.188 0.00 0.026 -0.134

layer storm effect magnitude reflect seasonal variations in thé-or the sake of simplicity we may suppose that the ther-

atomic oxygen concentration. Lar@®] concentration dur- mosphere is isothermal and neutral spe¢@sand[M] ~

ing equinoctial and winter seasons results in a large contribufN2] follow the barometric law:[O] = [Olexp(—z/H) and

tion of [O"] ions toNe. Therefore, any storm-time decrease [M] = [M]oexp(—1.75;/H), where H = kTn/mg is the

in [O] is essential and noticeable in tive variations, unlike  atomic oxygen scale height. The"@roduction rate may be

in summer when the role ¢O"] is much less compared to written asq(O") = j,[Olexp(—aChy), wherej is the ion-

the influence ofM*]. ization efficiency depending on the incident solar EUV flux
In summary, we may conclude that the less pronouncednd ionization cross sectionSf, is the Chapman function

“summer” storm effect compared to the “winter” one is due for solar zenith angle, anda includes the column density of

to a stronger compensation of negatix¢O™] by positive  neutrals multiplied by absorption cross sections. The linear

A[MT]in “summer”. In turn, these seasonal differences justloss coefficienfs may be written ag = y[M]. In this case

reflect the seasonal differences in neutral composition botiO"] = ¢(O")/8 oc exp(0.75z/H). This is an increasing

during quiet and disturbed conditions. function with height. The Ni-ion concentration following
the total ion production rate (Fig. 5) exhibits small height
5.2 Height dependence of the storm effect variations in the F1-region passing via the extreme (Figs. 3

and 4). Therefore[O"] begins to dominate ovgM™] in
Normally, the Fi-layer storm effect increases with height "€ upper part of the Fl-region and above in the F2-region.

(Tables 1, 2, and 4). This has a simple explanation baseaJsually,A[OJf] controls the sign of the F1-layer storm effect
on the competition mechanism betwef0*] and A[M™*]. (Table 5), and this explains the direct and significant correla-
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tions related to this period are, why is the Fl-layer storm
effect relatively small on 16 July, and what is the reason for
the positive effect on 15 July? Our method was applied to
the two disturbed days, 15-16 July, and to a quiet reference
day on 6 July. The observations were provided by Millstone
5.8 Hill IS facility.

Figure 6 shows the calculatg®™*], [M*] distributions
- . . and their sum for quiet and disturbed days. The first surpris-
ig. 6. Same as Fig. 3, but for a very severe geomagnetic storm on
15-16 July 2000. ing result_concern_s the reference day. Alt_hough 6 July 2000
and the eight previous days were magnetically quiet, the cal-
culated ion composition (©/Ne ratio) differs strongly from

tion betweers Ne ands NmF2 (Table 3). the model one (Oliver, 1975) used at Millstone Hill for in-
A smaller sensitivity of the F1-region to geomagnetic dis- cOherent scatter data analysis (Fig. 7, dashes). This model
turbances compared to the F2-layer usually mentioned in litPrésents the quiet-time ion composition which is indepen-

erature is also explained in the framework of this mechanismdent of geophysical conditions, while the calculatet/Se
In “winter” there is a partial compensation and in “summer” ratio for 6 July corresponds to a disturbed ionosphere en-

positive A[M*1, while the pureA[O*] effect takes place in  lS0 confirms a comparison with the monthly median IRI-

170

160

150 - ‘ ‘
3.8 4.2 4.6 5.0
Log N, cm~

the F2-region. 90 model (Bilitza, 1990) which corresponds to a quiet iono-
sphere. The IRI-90 give$mF2 = 6x 10° cm~3 for the condi-
5.3 The 15-16 July 2000 severe storm effect tions in question, while the observed value is 40 cm 3.

A comparison of Fig. 6 with Fig. 3 for the 13/5 June 1990
This was a very severe geomagnetic storm with a well-period shows a strong depletion[i@*] on 6 July 2000, sim-
pronounced onset on the afternoon of 15 July and a mairlar to the disturbed day of 13 June 1990. All this indicates
phase withD;, decreasing down te-300nT at 21:00UT. that the reference day of 6 July 2000 is not a typical sum-
But it should be noted that the geomagnetic field was alsaner one. It may be attributed to so-called “low” summer
disturbed for the two previous days with), = 420on 13 July  dates (lvanov-Kholodny et al., 1981) or to a quiet-time F2-
andA, =51 on 14 July. A strong positive storm effect took layer deviation discussed by Mikhailov and Schlegel (2001).
place in the F2-region on 15 July which extended down toln both cases the effect is related to a relatively large ther-
F1-layer heights (Table 1 and Fig. 2, bottom). On the nextmospheric neutral composition variation during geomagnet-
day, 16 July there was a complete disappearance of the F2eally quiet periods. Therefore, rather small F1-layer storm
layer at usual heights and a maximum in the(h) profile effects on 15-16 July may be related to the peculiarity of the
in the Fl-layer — the so-called G-condition. Despite suchpreceding reference period. But, nevertheless, we are consid-
severe F2-layer storm effects, implying very strong pertur-ering this interesting period which is discussed in literature
bations in the thermospheric parameters, rather small stornBuresova et al., 2002; Pavlov and Foster, 2001; Basu et al.,
effects were registered at F1-layer heights (Table 1). This ef2001).
fect was also mentioned by Buresova et al. (2002) on the Eu- Let us consider the calculated variations of aeronomic pa-
ropean ionosondes data analysis. The most interesting quesameters for the dates in question (Tables 5 and 6 and Fig. 6).
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The earlier discussed compensation of negatiy@*] by 220 —
positive A[M™] takes place for 16 July (Table 5), while a 47p ] Millstone Hil
summation of positiveA\[O*] and A[M™] results in a posi- jan 1t159e (80

tive storm effect on 15 July (see later). Both effects are dueto zo0-
the neutral composition variations (Table 6) and correspond-
ing changes iy (O™), B and totalg. Although the atomic
oxygen decrease on 16 July is essential (by 2.2 times), thisg'7so-
gives rise to a small effect inNe (Fig. 6). As mentioned
earlier, the initial[O™] contribution toNe is relatively small
compared to thgM™] one; therefore, an additional decrease 760
in [O] has practically no effect at F1-layer heights where . o
molecular ions dominate. But this turns out to be crucial for 38
the F2-region, where the normal F2-layer has disappeared
(G-condition). This effect was analyzed earlier for Millstone 54
Hill (Mikhailov and Foster, 1997) and EISCAT (Mikhailov 1 Jan 14.1990 (QD
and Schlegel, 1998) observations. 20| dan 111330 (35)

ht, km

170

5.4 Positive storm effects

Our morphological analysis (Tables 1 and 2) has shown somez
cases of positive Fl-layer storm effect with the magnitude
both increasing and decreasing with height. Usually, the pos-
itive effects are not large but they are considered as well, in
order to make the picture complete. The 15 July 2000 case 129
with the height increasing effect (Figs. 2 and 6) is mostly

due to the atomic oxygen increase (Table 6). This increase

in [O], along with the enhanced vertical plasma drift (due to Fig. 8. Same as Fig. 3, but for a positive disturbance on 11 Jan/14
the storm-induced equatorward thermospheric wind), resultSan 1990 with a height decreasing storm effect (top) and calculated
in a strong positive effect at the F2-layer heights (Fig. 2). So,ion production rates for this case (bottom).

this case may be attributed to normal F-layer positive distur-

bances.

A positive storm effect decreasing with height is pre- 6 Discussion
sented by the 11/14 January 1990 case (Table 1). The ob-

servedNe(h) profiles show a small positiva Ne effectin  |ncoherent scatter observations are known to provide the
the bottomside which disappears in the vicinity of the F2- most complete and consistent information on ionospheric
layer maximum and appears again in the topside. The calpjasma in the F-region. Observatt(h) profiles were used
culated A[O*] and A[M*] variations are shown in Fig. 8 in the paper for the analysis of the morphology of F1-layer
(top). Below 180 km the summation of both posit¥¢O™]  storm effects. Our self-consistent method was successfully
and A[M™] results in a noticeable positive effectNe. At ysed for the physical interpretation of the storm effects.
180km the resultant\Ne is totally due toA[O"], while  Nevertheless, some problems should be mentioned in rela-
above 180 kmA[O™] and A[M ] act in opposite directions,  tion with the use of IS observations. Unlike ground-based
decreasing the resultantNe. Although A[O*] dominates  jonosonde data the IS observations are irregular in time and
over A[M*] above 180km, its magnitude decreases withit is not always possible to find a suitable combination of
height and there is no storm effect at 220 km. disturbed/quiet days for the analysis; therefore, the usable
The calculated variation of aeronomic parameters is giveramount of data is limited. The quality of the experimental
in Table 6 (bottom line) and the ion production rates arematerial is different at Millstone Hill and EISCAT. Due to
shown in Fig. 8 (bottom). An interesting result is a decreaserare (usually 3 per hour) observations at Millstone Hill, we
in concentration of all neutral species for the disturbed dayhad to use a 3—4 h period to calculate median profiles. It is
Despite this decrease @], we have positiveA[O], which not always possible (especially for disturbed days) to find a
is mainly due to theAB decrease (see Eq. 4). The latter is 3—4 h period around noon of relative stability mF2 and
clearly seen at 180 km, whergg (O*) = 0 (Table 6). Pos- hmF2 variations. This criterion is applied to decrease the
itive A[M™] below 180 km is mainly due to the increase in scatter in the observations and increase the reliability of me-
the total ion production rate (Fig. 8, bottom and Eq. 4). All dian profiles. Unlike EISCAT observations there is a problem
ion production rate profiles are seen to be shifted down bywith using the routiné/z(k) data at Millstone Hill, as they
~ 20 km for the disturbed day and this is quite different from may need an additional correction due to technical reasons.
the other storm cases considered. Therefore, not all available routine Millstone Hill observa-
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tions can be used for our model calculations. show a seasonal differenceA(N2/O) at 280 km for middle

Another well-known general problem with IS observations !atitudes and daytime hours (their Fig. 4). According to the
is related to the ion composition, and this is especially im-model of thermospheric composition by ZUZIC' et al. (1997)
portant in case of the F1-layer data analysis. ExperimenP@sed onthe ESRO-4 observations, larggf®ldisturbance
tal Te(h), Ti(h) and Ne(h) profiles derived from the in- intensity corresponds to larges{N2] and smallerA[O], al-
coherent scatter data analysis depend on the ion composiiough the latier demonstrates large scatter (their Fig. 6).
tion used in the fit of the theoretical to the measured auto-1NiS séasonal difference in the thermospheric reaction may
correlation function (ACF). An uncertainty in ion compo- be attrlbut(_ed to the enhanced Joule heating in summer and to
sition may lead to considerable uncertainties in the derivedh® Storm-induced/background thermospheric winds interac-
Te(h) and Ti(h) profiles and to somewhat smaller uncer- tion (€.g. Fuller-Rowell and Codrescu, 1996).
tainties inNe(h) (e.g. Waldteufel, 1971; Lathudte et al.,

1983). The effect of varying ion composition is most no-

ticeable during disturbed periods, but an appreciable effect ynlike the F2-layer, where the role of dynamical processes
may also take place for quiet periods as well (e.g. 6 July(thermospheric winds, in particular) is essential, the elec-
2000). The largest uncertainties take place at the F1-regiogon concentration in the F1-region (heights below 200 km)
heights, where the ion composition changes from moleculajs controlled by photochemical processes. Therefore, the ob-
to atomic one. Therefore, a correction of the experimentalservedne F1 variations just reflect the variations of neutral
Te(h), Ti(h) andNe(h) profiles is required. A simple cor-  composition and temperature. By analogy with the F2-layer
rection proposed by Waldteufel (1971) may be applied whenprgiss, 1993), a decrease in thg(@, + Oy) ratio results
the deviations in ion composition from the model (used in thejn the negative storm effect, while F1-layer positive storm
IS data analysis) are not large, butin the case of strong pertuleffect may be due to some other mechanisms. In particular,
bations, such as those present in the July 2000 event (Fig. 7}he positive storm effect at F1-layer heights on 15 July 2000
this simple correction results in unre&(h) andT'i (k) pro- s mostly due to the atomic oxygen increase, as our analysis
files. In such cases a more sophisticated iterative metho@as shown. The height decreasing positive storm effect on 11
considered by Mikhailov and Schlegel (1997) should be ap-january 1990 (Fig. 8), on the other hand, was shown to be due
plied, which provides the proper fit to the measured ACF.tg a thermosphere contraction below 220 km which resulted
This iterative method requires considerable calculations angh a decrease of neutral concentrations at a given height (e.g.
cannot be applied routinely. at 180km in Table 6). This decrease in neutral atmosphere
EISCAT observations (each particular experiment) are notdensity has clearly appeared in the total ion production rate
normalized byfoF2 values. Although the declared uncer- (Fig. 8, bottom). The; () profile is shifted down as a whole
tainty in the measured electron concentration is not largewithout change in the maximum production rate. Such type
—10 + 12% (Farmer et al., 1984; Kirkwood et al., 1986), of neutral atmosphere variation may be related to a passage
this may result in wrong relative deviatiod#®/e when dif- of planetary or gravity waves during disturbed periods (e.g.
ferent (quiet/disturbed) days are compared. The absence @urns and Killeen, 1992).
such normalization also results in a shift between long-pulse
and multi-pulseVe(h) profiles, and this shift should be taken

into account before the profiles are used for analysis. Un- Coming back to the small storm effect on 16 July 2000
_fortunately, foF2 dat_a (dge to problems with ground-bafsed related to the peculiarity of the reference day 6 July, an addi-
ionosonde observations in the auroral zone) are not availablg -, argument may be mentioned. The calculated total neu-
in some interesting cases, and one has to use IS observatior{Fal density isp = 1.01 x 10-11g crr;*3 at 180 km. and this

as they are without normalization. Despite the problems N5 twice as much as on 5 June 1990, although the geophysical

countered, the IS observations provide necessary informatiogOnolitions were close for the two days. For the disturbed day

to specify physical mechanisms of the F1-layer storm ef'fects13 June 1990 the neutral densityhas increased by a factor

and this was implemented using our self-consistent method.of 1.6 while, p has turned out to be practically unchanged

Among the observed storm features at mid-latitudes, theon 16 July 2000 with respect to the reference day of 6 July
most interesting is a seasonal difference with a less pro2000. Since neutral density at 180 km is mainly represented
nounced summer storm effect compared to other seasongy molecular nitrogen Bl such a stability ino may be an
This implies a seasonal difference in the thermosphere reindication of a “saturation” of the lower thermosphere with
action to geomagnetic disturbances with the sumf@®]  molecular species. With more or less a fixed concentration
and [N] increase, larger than the winter one (see Table 6of N, at the turbopause level and similar temperatures, one
for Alog[O2] and A log[N2] and Fig. 5 forAq(Nj) and  should have similafN] values. Indeed, the neutral tem-
Aq(O;)). The MSIS-86 model (Hedin, 1987) gives very peratures (calculated at 180 km) are similar — 1158 K on 6
small seasonal differences m[O»] and A[N2], even at the  July and 1161 K on 16 July, and this resulted in similar N
F2-region heights (280 km) and practically negligidlgO5] and Q@ concentrations for the two days. Sinde reflects
andA[N>] variations in the F1-region (180 km). On the other mainly molecular ions (see Fig. 6, bottom), we have a small
hand, the ESRO-4 observations@Rs and von Zahn, 1977) storm effect at F1-layer heights on 16 July 2000.
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7 Conclusions 8. The concentration of ©ions increases with height,

while [M*] demonstrates small height variations in the

Our morphological analysis of the storm effects at F1-layer Fl-region. Therefore[O"] begins to dominate over

heights (160-200 km) using EISCAT and Millstone Hill in- [MT]in the upper part of the F1-region and above in the
coherent scatter observations followed by physical interpre- F2-region. UsuallyA[O*] controls the sign of the F1-
tation has shown the following. layer storm effect, and this explains both the increase of

The morphological results: the storm effect with height and the direct (significant)

) . ) correlation betweeBiNe andés NmF2.

1. The storm effects ive may be positive and negative,
but negative deviations prevail for all seasons. The mag- 9. Small, positive storm effects also observed in the F1-
nitude of the positive effect is smaller compared to the region may result from different reasons. The increase
negative one. of atomic oxygen abundance results in a positive ef-

fect with a height increasing magnitude. A contraction

2. USUa”y, the amplitude of deviation increases with of the lower thermosphere (presumab'y due to gravity
height, but the inverse type of dependence may alsotake  \yaves) results in a height decreasing positive storm ef-
place. fect.

3. There is a direct and significant correlation between 10. In summary one may conclude that all the observed
3 Ne atthe F1-layer heights as&vmF2, the correlation F1-layer storm effects may be related to seasonal and
coefficients increasing with height. storm-time variations of neutral composition (Op,0

) ) ) N2). The present day understanding of the F1-region

4. Atmiddle latitudes the summer storm effectis less com-  formation mechanisms is sufficient to explain the ob-
pared to other seasons, but it is well detectable. In the served storm effects.
auroral zone this summer effect takes place only with
respect to the autumnal period, while a spring/autumnAcknowledgementsThe authors thank the Millstone Hill Group of
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