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Daytime F2-layer negative storm effect: what is the difference
between storm-induced and Q-disturbance events?
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Abstract. Negative F2-layer storms related to geomagneticwith respect to the usual negative F2-layer storms related to
activity and quiet-time disturbances (Q-disturbances) belonggeomagnetic activity. The differences are in: lf@}2 vari-

to different classes of events and exhibit different morphol-ations; (b) Ne(h) distributions; (c) seasonal and latitudinal
ogy. Mid-latitude daytime Q-disturbances, unlike the usualvariations of the occurrence frequency. We are considering
negative F2-layer storms, demonstraber2 andhnF2 in- only daytime conditions, but a similar analysis, in princi-
phase variations. An analysis of Millstone Hill ISR obser- ple, could be made for other periods of the day, when both
vations for usual and Q-disturbances has shown the differthe morphology and the formation mechanisms are different
ence in the controlling aeronomic parameter variations forcompared to the analyzed daytime hours.

the two classes of events. The decrease in atomic oxygen According to ionosonde observationsmF2 do not ex-
concentration provides the main contribution toling=2 de-  hibit any pronounced variations during Q-disturbance events
crease below the monthly median level during Q-disturbancawhich are close or even below monthly median values. Such
events. Unlike the usual negative storms, the negative efhmF2 behavior is different from the usual negative storm
fect takes place in the whole topside ionosphere under QhmF2 variations when the F2-layer maximum height al-
disturbance conditions. The difference is due to different ef-ways increases. For instance, the analysis by Papagiannis
fective plasma scale heights in the two cases. Clustering oét al. (1975) of Millstone Hill ISR Ne(h) observations for
the usual negative F2-layer disturbances around equinoxehe daytime period 10:00-16:00 LT has revealed a positive
and Q-disturbances around winter solstice, as well as differcorrelation betweehmF2 and thek , index (0<K ,<6) for

ent latitudinal variations for the occurrence of the two typesall seasons. It should be kept in mind that laijg values

of disturbances is due to their different formation mecha-usually imply negative F2-layer storm conditions at middle
nisms. latitudes. ThehmF2 increase during disturbed periods was

Keywords. lonosphere (lonosphere-atmosphere  interac-2IS0 discussed by Zevakina (1971)pRs (1995); Belehaki

tions; lonospheric disturbances) — Atmospheric compositior?"d Tsagouri (2002). _
and structure (Thermosphere-composition and chemistry)  Another difference between the two classes of events is
in the Ne(h) height distribution. In the case of the usual
F2-layer storms related to geomagnetic activity, the negative
storm effect is localized in the vicinity of the F2-layer max-
imum, but it changes for a positive effect in the topside F2-

There is a class of F2-layer disturbances which occur undef 9o above 400-600km (Fatkullin and Legenjka, 1970)

. . D, . X °[n the case of Q-disturbances, a negative effect takes place in
quiet geomagnetic conditions (Q-disturbances), their magniz. .\ hole F2-region,

tude being comparable to moderate F2-layer storm effects. Further, the occurrence frequency of the usual mid-latitude

The morphology of Q-disturbances and an |nterpretat!on Of{1egative F2-layer storms exhibits two maxima around the

some of their features have been described by Mikhailov eequinoxes, while negative Q-disturbances are the most fre-

al. (2004, .2007)' D_epueva et al. (2005). The mor_pholog|-guem in winter (Fig. 1). This takes place at all levels of solar
cal analysis of Q-disturbances has shown some differences . . . ] ;

activity and in a wide range of latitudes.

Correspondence tdA. V. Mikhailov And in the end, the latitudinal variations of the percent

(avm71@orc.ru) of time occupied by the disturbances are different for the

1 Introduction
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convenience of reading we repeat that all available observa-
tions over 26 ionosonde stations located in the Eurasian sec-
tor were used for the analysis. A 27-da¥2 running median
centered for the day in question was used as a reference level.
Q-disturbances were referred to hourly,(R2/N,, F2meq1)
deviations of more than 40% if all 3+, indices were<7

for the 24 previous hours.

Obviously, these differences for the two types of events
are due to different formation mechanisms of the two classes
of disturbances (Mikhailov et al., 2007) and, in particular, to
different variations of the main aeronomic parameters dur-
ing such events. Therefore, the aim of the paper is to analyze
Ne(h) variations in the cases of usual and quiet-time F2-layer
negative disturbance events with the specification of aero-
nomic parameters responsible for the observed differences
(the first two of the listed items), and to discuss the reasons

Fig. 1. Seasonal variations of the occurrence for the usual and Qfor different seasonal and latitudinal variations of the occur-
disturbances in the daytime LT sector. Due to the insufficient num-rence frequency for the two classes of negative disturbances.
ber of daytime negative Q-disturbances, all solar activity levels areGround-based ionosonde, Millstone Hill and EISCAT ISR
put together; total number of events is given in parentheses. observations are used for the analysis.

two classes of events (Fig. 2). This parameter is relatec
to the number or occurrence frequency of the disturbances.
The usual negative disturbances demonstrate large and welfo obtain an idea ohmF2 variations during negative Q-
pronounced latitudinal variations, but very small latitudinal disturbances, some examples for mid-latitude stations are
changes take place for Q-disturbances. shown in Fig. 3 for the 6-8 January 1970 event. Note that
The details of the Q-disturbance extraction from the rawunlike the usual negative F2-layer storm effect, here we have
foF2 observations, which led to the results given in Figs. lin-phaseNmF2 andhmF2 variations, witthmF2 being below

lonosonde data analysis
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] ) o for the day of Q-disturbance on 16 April. Low daytime hm values
Fig. 3. Observed diurnaNmF2 andhn2 variations at some Euro- o 17-18 April correspond to the height of F1-layer maximum (G-

pean stations during the 6—8 January 1970 negative Q—disturbanqgonditions)_ Observed 34y, indices are given in the top panel.
event. Dashes — a 27-day running median. Note that daytmke
are below this median level.

3 Interpretation

the median values. A special analysis has been undertaken
to check if this is a regular effect during daytime negative Q-One should consider in a comparison a daytime Q-
disturbance events. Overall, 169 (station/date) daytime negadisturbance event and a usual F2-layer negative storm effect
tive Q-disturbances have been considered using the Eurasiaelated to an enhanced geomagnetic activity. The two cases
ionosonde network for the whole available period of observa-should demonstrate similar negative deviationssNfrF2
tions (Table 1 in Mikhailov et al., 2004). The expression by from their medians, whileAhnF2 should have different
Bradley and Dudeney (1973) was used to obtai2 from  signs. The period of 15-18 April 2002 with the Millstone
ionosonde observations. When data on foE were absent, thiill digisonde and the incoherent scatter radar (ISR) obser-
Simazaki (1955) expression was applied to obtaifr2 val-  vations meets these requirements. The period may be con-
ues. A 27-day running median centered for the day in quessidered as a lucky finding for the following reasons. The day
tion was used in the analysis. The advantages of using the 2%f 16 April presents a good case of a daytime negative Q-
day running median, rather than the usual monthly mediandisturbance event followed by a severe geomagnetic storm
were discussed by Mikhailov et al. (2004). To decrease houron 17-18 April, while 15 April practically coincides with
to-hourhmF2 variations averaged over the (11:00-14.00) LT the monthly mediafioF2 variations. Figure 4 presents Mill-
time intervalnmF2 values were used in the analysis. stone Hill digisonde diurngbF2 andhmF2 variations along
The results of the statistical analysis gave us the averagwith 3-ha,, indices for the period in question. The geomag-
deviation—13.4+9.67 km ofhmF2 from the median with the  netic activity has decreased on 18 April atidF2 deviations
Student parameter17.96, i.e. theamF2 negative deviation from the monthly median have become comparable for the
from the median is significant at any confidence level. Thus,two dates 16 April and 18 April during daytime (LT=UT-5)
the statistical analysis has shown that the daytime negativlours. The Ne(h) maximum heights are seen to be very low
F2-layer Q-disturbances are accompanied by a decrease bluring the noon hours, both on 17 April and 18 April (see
hmF2. also Fig. 5 with ISR observations). This may be attributed to
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6.3 median obtained from the digisonde data. Unlike digisonde
observations (Fig. 4), the ISR data provide the required dif-
ference inhmF2 variations, witthmF2 being higher than the
median on 18 April and lower than the median on 16 April
(Fig. 5, bottom panel). Obviously, the digisonde fails to inter-
pret correctly thénmF2 variations during G-conditions and it
gives the height of F1-layer maximum rather than F2, while
the ISR data show the expected increaden2. These ISR
observations were used to reveal the reason for the difference
in hmF2 variations during the two classes of F2-layer distur-
bance events.

——— Apr 15,2002

5.7 | e Apr16.2002 The self-consistent approach to thg(hl) modelling at F2-
e Apri8,2002 region heights proposed by Mikhailov and Schlegel (1997),
5.6 1 ~Z_ " Median ] with the latest modifications by Mikhailov and Lilensten
(2004), has been used to find the thermospheric neutral com-
55 position ([O], [&], and [N:]), temperature J(h), vertical

370 plasma driftW related to the neutral thermospheric winds

and electric fields, as well as the total solar EUV flux with
A<1050A. The details of the method may be found in the
above-indicated references, so that only the main idea is
sketched here. The standard set of ISR observations: elec-
tron density Ne(h), electrofi. (h) and ionT; (h) temperature,
as well as plasma velocity VO(h) vertical profiles — is the ini-
tial input information. All of these observed parameters enter
the continuity equations for the main ionospheric ions in the
F2-region. By fitting the calculated Ne(h) profile to the ex-
perimental one, a self-consistent set of the main aeronomic
parameters responsible for the observed Ne(h) distribution
can be found. The experimental profiles observed over some
250 ‘ ‘ ‘ ‘ period (usually 1-2 h) are specially processed before being
13 15 17 19 21 23 used in the calculations. The results of the aeronomic pa-
UT, hours rameters retrieval are given in Table 1 for the three dates and
close UT time intervals.
Fig. 5. Millstone Hill ISR observations omF2 andhmF2 diurnal Table 1 shows that [O]3=y1[N2]+y2[O2], Tex, andW
variations for the negative Q-disturbance of 16 April 2002, a usualvariations are different for the 15 April/16 April and 15
negative storm day of 18 April 2002, and a reference day of 15 April April/18 April cases; the differences are given in Table 2.
200|2, Whi‘t:;‘ COiECidefs with the lmontfhlytrt?etgag_. tNoge thaFdz A contribution of the main aeronomic parameterfing=2
are lower than the retrerence values t1or the Q-aisturpance day an FAtl : : :
hnmF2 are higher than the reference level for the disturbed day of 182arllatlons_cKar\1n Ibe eStlmate('jkfrzo'rln the appr(f)XImat'e eﬁpress:on
April 2002. y Ivanov-Kholodny and Mikhailov (1986) for an isotherma
atmosphere:

2.3H H?
G-conditions — the daytime phenomenon taking place duringm & ——3— log[O] + log B + log (O 54d> } +cW, (1)
severe F2-layer storms, but we are interested in the 18:00— ’
21:00 UT period. This period falls on the recovery phase ofyhere H=kT,/mg — atomic oxygen scale height, [O] agd
the storm whemnF2 values on 18 Ap”l have returned to the are given at a fixed he|ght, say 300 kw (|n m/s) — ver-
median level, according to the digisonde observations, whil&jcal plasma drift velocityc is a coefficient close to unity,
hmF2 were lower than median values for the correspondingy=1.38x 10'9x (7,,/10000= is a coefficient in the expression
hours of 16 April (Fig. 4, bottom panel). TH#oF2 devia-  for the ambipolar diffusion coefficierd=d/[O].
tions are comparable for the two dates during the afternoon |t js seen from Eq. (1) and Table 2 thatog[O], Alogg,
hours. ATex, andA W being of one sign, work in one direction, de-
Millstone Hill ISR provides the necessary daytime obser-creasinghmF2 in the case of the Q-disturbance, but atomic
vations for 15-16 April, but on 18 April the observations are oxygen provides the main contribution. Neutral tempera-
available only from 18:45 UT. The observid2 andhmF2 tures Tex, according to our calculations and Millstone Hill
variations are shown in Fig. 5 along with tNerF2 monthly  estimates, are also lower on 16 April compared to 15 April
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A. V. Mikhailov et al.: Daytime F2-layer negative storm effect 1535

Table 1. Calculated aeronomic parameters at 300 km for 15, 16, 18 April 2002. Italic — Millstone Hill Tex estimates.

Date ut Tex log [O300 109 [O2]300 109 [N2l300 1098300 W
(hour) (K) (cn3) (cm™3) (cm™3) (sH (m/s)
15 April  1830-1930 1453460 8.796 6.857 8.319 -3.575 0.0
16 April  1830-1930 1417420 8.600 6.776 8.256 —-3.680 -2.8
18 April  2000-2100 1466480 8.853 7.109 8.411 —-3.428 +8.8
Table 2. Variations of aeronomic parameters for the two pairs of 6.5
dates.
Dates ATex Alog[Olzgo AlogBzog AW 6.3 1 A ]
_ Mar 17,1990 7/ ~=7~—
16/15 April 2002 —36 —0.196 —0.105 —-2.8 . / - =~
18/15 April 2002 13 0.06 0.147 8.8 ~ogg ST S|
. AN
E /
Z /
on) /
Ss9 ]

and this also decreasés¥2 (Eq. 1). Finally, the vertical | I
plasma driftW is negative (northward thermospheric wind) /
on 16 April and this also decreasesi2. Therefore, in the 574
case of a negative Q-disturbance on 16 April, four control- I
ling parameters — [O]8, Tex andW work in one direction,

decreasindgpmF2. 55

Mar 22, 1990

The decrease ifi on 16 April with respect to the 15 April 390 1 |
results from a lower concentration of molecule specigs N 370 |
and @ due to lower neutral temperature (Table 2), while low
[O] during Q-disturbance events is mainly due to vertical gas 350 4 |
motion (Mikhailov et al., 2007). Although the role of verti- .
cal plasma driftW related mainly to thermospheric winds is < 330 | |
known to be very essential hmF2 variations, the calculated &

W is small (Table 1), varying around the zero level and does E 310 4 i
not contribute much to thiemF2 variations. But it is seen as

a tendency foW to be negative (polewarnx) under the 290 i
Q-disturbance on 16 April and positive (equatorwatalx)

during the usual negative F2-layer storm event on 18 April. 270 i

On the disturbed day of 18 April the observiedF2, on
average, are higher than on 15 April (Fig. 5). This is mainly 250 ‘ ‘ ‘
due to largeB and Tex, and to positive vertical drifv (Ta- 10 12 14 16 18 20 22 24
ble 2). It is interesting to note that, although both observed UT, hours
and calculated Tex are close for the two dates, the concen-
trations of N and @ are larger on 18 April compared to 15 Fig. 6. A p_ronounced negative F2-layer storm event observed at
April, while the atomic oxygen variations are small (Tables 1 Millstone Hill on 22 March 1990; a reference quiet day of 17 March

and 2). Obviously, this is the result of the previous severe ge--220 IS given for a comparison. Note that disturbedr2 are much

. . .~ _higher than the reference ones for all daytime hours.
omagnetic storm and strong upwelling of neutral gas enrich-
ing the thermosphere with molecular species and decreasing

the [O] abundance (e.g. Rishbeth andiMr-Wodarg, 1999).

Cases of more pronounchdF2 variations due to changes «,=28/76 for current and previous days), with the refer-
in neutral temperature, composition and winds during theence day of 17 March 1990 {§7=183.8/166.0;a,=3/7),
usual negative F2-layer storms can be found in Millstone Hillare shown in Fig. 6. This is a typical moderate negative
ISR observations. For instanddimF2 andhmF2 variations  F2-layer storm with a 60-km difference hmF2 and a 2.5-

for the storm event on 22 March 19901(7=244.7/229.3; times difference ilMNmF2 for the noon hours between quiet

www.ann-geophys.net/25/1531/2007/ Ann. Geophys., 25, 1B311-2007
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Table 3. Calculated aeronomic parameters at 300 km for 17 March and 22 March 1990.

Date uT Tex  log[Okop Log[O2]300 109 [N2l3oo 1098300 W
(hour) (K) (e (cm™3) (cm™3) (s b (m/s)

17 March  1630-1930 1363 9.013 6.597 8.382 -3.298 -7.8

22 March  1700-2000 1630 8.902 7.042 8.634 -3.013 +5.7

and disturbed days. The retrieved aeronomic parameters aresult in small [O] variations at F2-layer heights (Tables 2
given in Table 3 for the two days in question. In this caseand 3); therefore, the contribution of atomic oxygen varia-
a three-hour time interval was used for calculations, due taions toAhmF2 is not large.
rare ISR observations (Fig. 6). Another earlier mentioned difference between negative
On the whole, the variations of aeronomic parameters ar&)-disturbances and the usual negative storm effects is in
similar to the 15/18 April 2002 case, but in the case of 17/22the Ne(h) height distribution. The smoothed Ne(h) profiles
March 1990 they are more pronounced. The major reasombserved at Millstone Hill are shown in Fig. 7. The Q-
for the hmF2 increase is larger Tey, and W values on 22 disturbance Ne(h) profile on 16 April exhibits the effective
March. Unlike the previous case, the atomic oxygen con-plasma scale height close to that one for the reference day
centration has decreased at F2-layer heights on 22 March def 15 April 2002. Therefore, the negative disturbance effect
spite high neutral temperature Tex. As was mentioned eartakes place in the whole topside ionosphere. In the case of
lier, this is the result of strong neutral gas upwelling, lead-the usual negative storm effect, the Ne(h) is much broader
ing to the impoverishment of the thermosphere with atomic(especially in the case of 22 March), and the negative effect
oxygen. In both cases the vertical drift is positive on the s localized around the layer maximum, changing for the pos-
disturbed day, implying the equatorward meridional thermo-itive effect above 500-600 km. Obviously, the difference is
spheric wind. This is in line with the present day understand-mainly due to different plasma temperatures for the dates in
ing of the thermosphere disturbances resulting from an enguestion. The plasma scale height is given by the expression
hanced geomagnetic activity @ss, 1995; Fuller-Rowell et
al., 1996; Rishbeth, 1998, and references therein). 1 mig 1 d{T,+T;)
The difference inhmF2 variations during the usual and H,”= KT, +T) T,+T, dh
Q-disturbance events is due to a different state of the ther-
mosphere in these cases. Negative Q-disturbances occur uwhere all symbols are standard. The observed at 500 km
der a so-called ground state of the thermosphere (Mikhailo 7. +T;), d(T.+T;)/dh, as well asH, values, are given in Ta-
et al., 2007), which corresponds to a very low level of geo-ble 4.
magnetic activity with an unconstrained solar-driven thermo- Calculated plasma scale heights for the dates of usual neg-
spheric circulation characterized during daytime by a pole-ative storm events are larger (as it is expected) than for the
ward wind and relatively low atomic oxygen concentrations reference days, and this is mainly due to higher temperatures.
at middle and sub-auroral latitudes. Very low geomagneticThe plasma scale height for 16 April 2002 is also larger than
activity results in low neutral temperature Tex and, therefore for 15 April due to highelT,, but ion temperature, which is
in low B=y1[N2]+y2[02] (due to low [G] and [Ny]) at F2- closely related to neutral temperature, is lower on 16 April.
region heights. Thus, all controlling aeronomic parametersTherefore, the overall difference i, between the two dates

&)

work in one direction, decreasifgF2 (see Eq. 1). is not very large. On the other hand, it should be kept
The situation is inversed under elevated geomagnetic acin mind that the effective scale height Heff=ginNe/dhy !
tivity. The increase in neutral temperature results i ia- bears the effect of plasmasphere-ionosphere fluxes and ver-

crease in the F2-region — both factors leading tohh&2 tical plasma drifts (lvanov-Kholodny and Mikhailov, 1986,
increase (see Eqg. 1). An additional contribution to lihé-2 and references therein). The upward flux from the F2-region
increase provides positive vertical plasma drift resulting fromduring daytime hours and downward plasma drift due to the
the equatorward thermospheric wind. Depending on the in-nhorthward thermospheric wind both decrease Heff. There-
tensity of the high-latitude heating, the normal solar-drivenfore, some differences between the calculafgd values,
poleward (during daytime) thermospheric circulation may bewhich correspond to the barometric height distribution of
inverted or only damped — in both case® >0 is increasing  plasma, and the observed Heff (Fig. 7), may be attributed
hmF2 with respect to quiet-time values. The thermosphereto the dynamical effects. In any event, the effective plasma
atomic oxygen abundance decreases due to the neutral gasale height for the Q-disturbance event is close to Heff for
upwelling; this decrease is partly compensated by the inthe reference day, while they essentially differ in the case of
crease in neutral temperature. The two competing processdle usual negative storm effect.

Ann. Geophys., 25, 1531541, 2007 www.ann-geophys.net/25/1531/2007/
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Table 4. Observed at Millstone Hill plasma temperatures, their gradients and plasma scale heights at 500 km for quiet and disturbed days.

Date 15 April 2002 16 April 2002 18 April 2002 17 March 1990 22 March 1990
T., K 2325 2899 2681 2065 3337
T;, K 1550 1514 1586 1472 1644
d(7,+T;)/dh, K/lcm  4.85e-5 4.49e-5 3.05e-5 6.00e-5 2.80e-5
Hp, km 184 213 222 159 262
4 Discussion 700
Daytime negative F2-layer Q-disturbances is a special class 600 - |
of F2-layer perturbations with their own morphology and for-
mation mechanisms (Mikhailov et al., 2007, and references 500 |

therein). The in-phasBlmF2 andhmF2 decrease is a dis-
tinctive feature of negative Q-disturbances. This is different
from the usual negative F2-layer storm effect, wherF2
always increases mainly due to the enhanced neutral tem-
perature and linear loss coefficighiTables 1-3). Negative 300 A
Q-disturbances occur under very low geomagnetic activity ]
when the intensity of the auroral heating is minimal. Such 200 -
conditions correspond to a ground state of the thermosphere
with an unconstrained solar-driven thermospheric circulation 100 ‘ —
(poleward neutral wind during daytime) and relatively low 600 - N
atomic oxygen concentrations at middle and sub-auroral lat-
itudes. It follows from the model calculations by Rishbeth
and Miller-Wodarg (1999), that low [O] may be related to a 500
moderate upwelling of neutral gas in a wide range of lat- ]
itudes (their Fig. 3). The results of our calculations (Ta-
ble 1) are confirmed by GUVI/TIMED observations, which
also show a low [O]/[N] column ratio for the day of neg-
ative Q-disturbance on 16 April 2002 (Goncharenko et al.,
2006). The ground state of the thermosphere with the north-
ward meridional wind did take place on 16 April. Accord-
ing to Millstone Hill estimationsV nx was northward until ] _
21:00 UT (Goncharenko et al., 20086, their Fig. 17). There- 100 — T ‘
fore, the decrease in the four controlling parameters, O], 50 52 54 56 58 60 62 64
Tex, andW (Table 2), provides thénmF2 decrease during Log Ne, cm™
negative Q-disturbance events, with the main contribution
belonging to the atomic oxygen variations. Fig. 7. Observed smoothed Ne(h) profiles for the periods given in
In the case of the usual negative storm effect related tofables 1 and 3. The effective scale height of Ne(h) distribution for
an enhanced geomagnetic activity three paramegersex, 16 April 2002 is close tdHes for the reference day of 15 April 2002
and W, always increase (Tables 1-3), thus providing the in-and the negative effect takes place in the whole F2-region for the Q-

: : : . disturbance event. In the case of the usual negative disturbances on
crease irhmF2. Unlike the Q-disturbance case, the contri- ; i ! )
bution of atomic oxygen Vgriations tahrE2 is small or 18 April 2002 and 22 March 1990 the negative effect is localized

. . d the F2-| i .
even negative, as in the case of 17/22 March 1990 (Table 3 pround the Fe-layer maximum

These changes in the aeronomic parameters are the result
of the auroral heating and the interaction between the back-

ground (solar-driven) and storm-induced thermospheric cir-
culations (Duncan, 1969; 8lss, 1995; Fuller-Rowell et al.,
1996; Rishbeth, 1998; Rishbeth andilér-Wodarg, 1999,
and references therein).

km

404 Apr 15,2002

Apr 16, 2002
Apr 18,2002

=

.20
(5}

an)

400 | — — — — — Mar 17, 1990
Mar 22, 1990

Height, km

300 -

200 -

During severe geomagnetic storms G-conditions
(NmF2<NmF1) may take place at middle latitudes. In
this case a ground-based ionosonde registers the height of
the Fl-layer (Fig. 4), which erroneously may be taken for
the hmF2. Actually, hmF2 increases under such conditions
(Fig. 5, bottom panel), but a similar effect with decreasing
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Fig. 8. The effect of electron precipitation decreasimgF2 ob-  £ig g The effect of a strong electric field (top panel) resulting in a

served with EISCAT for a moderately disturbed day 19 November g6 hmF2 decrease at the initial phase of the storm observed with

1987. A reference quiet day, 17 November 1987, is shown for agiScAT on 3 April 1992. A quiet reference day, 1 April 1992, is

comparison. An intensive .|0n|zat|on in the !ower part of the F2- given for a comparison. ThenF2 decrease results from a strong

region shifts the Ne(h) maximum to lower heights. decrease in the electron concentration above 240 km due to a hori-
zontal plasma transfer under tifie< B drift.

hnmF2 can be observed in the high-latitude F2-layer during A decrease irhmF2 during daytime storm events in the
particle precipitation events. Observed with EISCKIF2 auroral F2-region may also result from strong electric fields.
and hmF2 diurnal variations along with Ne(h) profiles are EISCAT observations on 3 April 1992 present such an ex-
shown in Fig. 8 for a quiet 17 November 1984,€3) ample (Fig. 9), with 1 April being a reference day. A sharp
and a moderately disturbed 19 November 1984=(12). increase in the electric field is accompanied by a large (about
Electric fields E~20-40 mV/m and an intensive electron 100 km) decrease ihnF2 at the initial stage of the storm;
precipitation took place on 19 November while both charac-such an effect is never observed at middle latitudes. Three
teristics were small on 17 November. ObserWa2 are  median Ne(h) profiles calculated over 1-h intervals illustrate
higher andhm2 are lower on 19 November for the period the effect (Fig. 9, bottom panel). A large decrease in elec-
16:00-22:00 UT when an intensive electron precipitationtron concentration is seen in the topside around 12:00 UT
is expected. Large scatter in the obsenyed=2 is seen  while the Ne(h) profile coincides with the pre-storm one be-
on 19 November and obviously this is due to a varyinglow 240 km. Obviously, in this case one should expect the
precipitation intensity. Median Ne(h) profiles found over the decrease in the effectivenF2. The effect may be related
16:00-18:00 UT period are given in Fig. 8 for the two days to a strong horizontal westward plasma transfer. According
in question. Strong precipitation results in the increase into EISCAT observations, the westwakix B drift around
electron concentration (especially in the lower F-region), as12:00 UT was~1km/s (E~50mV/m, Fig. 9, top panel).
well as in the decrease mmF2. Strong plasma production Under this velocity and a characteristic (e-folding) time of
at lower altitudes shiftamF2 to lower heights (e.g. Torrand ~1.5h for the daytime F2-layer maximum, plasma can be
Torr, 1969). transferred over 9 local time zonal belts at the latitude 6f 70

Ann. Geophys., 25, 1531541, 2007 www.ann-geophys.net/25/1531/2007/



A. V. Mikhailov et al.: Daytime F2-layer negative storm effect 1539

This corresponds to nighttime not sunlit conditions, withlow The formation mechanism of daytime negative Q-
NmF2 values, as 3 April is close to the equinox. The co- disturbances implies the ground state of the thermosphere
incidence of the two Ne(h) profiles below 240 km (Fig. 9, with a poleward thermospheric wind and low atomic oxy-
bottom panel) explicitly tells us that the thermospheric pa-gen concentration, the latter providing the main contribu-
rameters have not been yet altered by this time. Neutral comtion (Mikhailov et al., 2007). According to the NRLMSISE-
position and temperature have become perturbed at the lat€®0 model (Picone et al., 2002), the latitudinal variations of
stage of the storm and this (along with the electric field effectatomic oxygen at F2-region heights are very small (5-10%),
in B increase) is manifested in the Ne(h) profile for 15:00— within the (35-68) latitudinal interval under low geomag-
16:00 UT. netic activity in December (winter solstice). These small lat-
In the end, let us consider the difference in the occurrencétudinal variations are in line with the results of the model
frequency for usual and Q-disturbance events (Figs. 1, 2)calculations by Rishbeth and iMer-Wodarg (1999, their
The usual negative F2-layer storm effect is known to be re-Fig. 3), showing almost a constant moderate upwelling in a
lated to an enhanced geomagnetic activity followed by thewide range of latitudes under daytime quiet conditions in De-
perturbation in neutral composition, temperature and windscember. The other parameter, the downward vertical plasma
(e.g. Pblss, 1995). Running averagg indices exhibita pro-  drift W=V nxSin/Cod, also does not change much with lat-
nounced equinoctial maximum (e.g. Roosen, 1966). Thereitude. Although the SihCod product decreases by a fac-
fore, the clustering of usual negative disturbances aroundor of 2 within the considered latitudinal range, according to
equinoxes (Fig. 1, left panel) just reflects this experimentalthe UARS observations, the northward wiki@gx increases
fact. with latitude during the December solstice under daytime
The situation with Q-disturbances is more complicatedquiet conditions (Fejer et al., 2000, their Fig. 1). Therefore,
and related to the negative Q-disturbances formation mechasne should not expect pronounced latitudinal variations of
nism (Mikhailov et al., 2007). Such disturbances occur undemNmF2 for the conditions in question. The small changes
very quiet geomagnetic conditions corresponding to a groundn SNMENmM/Nmyeq also imply small latitudinal variations
state of the thermosphere with the poleward wind during day-in the NmF2 median values. The analysis has shown small
time and a relatively low atomic oxygen concentration. The (<6% under solar maximum and20% under solar mini-
poleward wind is seasonally dependent, being the strongeshum) NmF2y,eq Variations over a wide range at middle lati-
in winter (Buonsanto and Witasse, 1999, their Fig. 5). Thistudes for the noon hours in December. Small latitudinal vari-
is partially due to the fact that Joule heating is minimal in ations of the Q-disturbance amplitude were discussed earlier
winter when the ionization and conductivity levels are low, by Mikhailov et al. (2004, their Fig. 9).
reinforcing the prevailing solar-driven circulation (Forbes et
al., 1996; Fuller-Rowell et al., 1996). The poleward thermo- .
spheric wind produces in the F2-region a downward plasma Conclusions
drift decreasingNmF2. This is the reason why the daytime
negative Q-disturbances cluster around the winter solstic

(Fig. 1, right panel). According to the model calculations 1 Negative F2-layer storms related to geomagnetic activ-

él'he results of our analysis may be summarized as follows:

by Rishbeth and Miler-Wodarg (1999, their Fig. 3), there ity and Q-disturbances belong to different classes of
is @ moderate upwelling (about 0.5m/s) in a wide range of  ayents and exhibit a different morphology with respect
latitudes around the noontime under qui&t,E2+) condi- to: (a)hmF2 variations; (b) Ne(h) distributions; (c) sea-

tions in December. Such upwelling is able to supportthe low  gona| and latitudinal variations of the occurrence fre-
background level of the atomic oxygen concentration. This quency.

relatively low atomic oxygen abundance is the main cause of
negative Q-disturbances, as it was also stressed in this analy-2. In contrast to the usual negative storm effect whef2
sis (Table 2). always increases, during Q-disturbance eveind=2
The difference in the formation mechanism of the two and hmF2 demonstrate in-phase variations w2
classes of disturbances explains different latitudinal varia- dropping below median values. The result was obtained
tions of their occurrence frequency (Fig. 2). The daytime over 169 cases of daytime negative Q-disturbances and
F2-layer negative storm effect is roughly proportional to the statistically is significant. The analysis of Millstone Hill
O/Ng3 ratio (Pilss, 1980). Changes of this ratio are due to the ISR observations for the day of negative Q-disturbance
[O] decrease and [} increase, where the latter dominates. (16 April 2002) has shown that four controlling param-
The ESRO-4 gas analyzer observations clearly demonstrate  eters, [O],8, Tex, andW, work in one direction, de-
that with growing magnetic activity there is an increase in creasinghmF2, with the atomic oxygen variations pro-

the amplitude and in the extension of the composition dis- viding the main contribution. In the case of the usual
turbance (Rilss, 1980, his Fig. 16). This is in line with the negative disturbances, the increase in T@xand W
latitudinal dependence in Fig. 2 for the occurrence of usual provides the increase immF2. The decrease of atomic
negative disturbances. oxygen abundance due to the neutral gas upwelling is
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partly compensated by the increase in neutral tempera-
ture. The two competing processes result in small [O]
variations at F2-layer heights, therefore, the contribu-

A. V. Mikhailov et al.: Daytime F2-layer negative storm effect

tions for their occurrence. The occurrence frequency of
the usual negative daytime disturbances manifests the
O/Nj ratio variations. The amplitude and latitudinal ex-

tion of atomic oxygen variations tAhnF2 is not large
under the usual negative storm conditions.

tension of this ratio, according to the ESRO-4 gas ana-
lyzer observations (Biss, 1980), demonstrate the same
type of variations as the occurrence frequency. In the
case of negative Q-disturbances the two parameters, [O]
andW=VnxSinI Cod, responsible for their formation,

do not change much with latitude. This explains small
latitudinal variations for the occurrence of the daytime
negative Q-disturbances.

3. The difference irhmF2 variations during the usual and
Q-disturbance events is due to a different state of the
thermosphere in these cases. Negative Q-disturbances
occur under a so-called ground state of the thermo-
sphere, which corresponds to a very low level of geo-
magnetic activity with relatively low neutral tempera-

ture, an unconstrained solar-driven thermospheric cir—A cnowled «<Thi ‘ ) . red by the R
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4. Unlike middle latitudes in the auroral daytime F2-layer,
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