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RESUMEN

M ediciones de composicion de neutros (nitrégeno molecular N,,, oxigeno atémico O 'y argon Ar) realizadas por el satélite
Dynamic Explorer 2 y de frecuenciacritica de la capa F2 obtenidas con ionosondas, se utilizan paraexaminar las respuestas de la
ionosferay de latermosfera a dos tormentas geomagnéticas intensas que ocurrieron €l 13 dejulioy e 21 de septiembre de 1982.
Despuésdelafaseinicial delastormentas, se observan aumentosy descensos en la concentracién de O en dtasy bagjas | atitudes,
y aumentos de N, y Ar. Losincrementos de larelacion N,/O 'y las tormentas ionosféricas negativas estan correlacionados con los
cambios de composicion producidos por la circulacion global debida a las tormentas. Se concluye que pocas horas después del
comienzo delastormentas, e comportamiento delaionosferaen atasy bajas|atitudes estafuertemente controlado por lacomposicion
de neutros.

PALABRAS CLAVE: Termosfera, ionosfera, tormenta geomagnética.

ABSTRACT

Neutral gas composition data (molecular nitrogen N,,, atomic oxygen O and argon Ar) from the Dynamic Explorer 2 satel-
lite, and critical frequency of F2-layer obtained with ionosondes, are used to examine the response of the ionosphere-thermo-
sphere system during two intense geomagnetic storms on July 13, 1982 and September 21, 1982. After the initial phase of the
storms large fluctuations of O density at high and low latitudes and increases of N, and Ar densities are produced. Increases of
N,/O ratio and negative ionospheric storms are correlated and the composition changes are produced by a storm-time circulation.
It is concluded that the behavior of the ionosphere is strongly compositionally controlled at high and low latitudes a few hours
after storm commencement.

KEY WORDS: Thermosphere, ionosphere, geomagnetic storm.

INTRODUCTION

A transient large amount of energy in the high-latitude
region during storm periods changes the meridional pres-
suregradient and drivesaglobad circulation: the neutral winds
flow from high to low latitudes. These winds transport the
neutral gas composition changes. The variations in neutral
composition (increases in molecular nitrogen and decreases
in atomic oxygen) are responsible for the decreases of elec-
tron density (negative ionospheric storms); it was demon-
strated from measurements that disturbances of the neutral
composition and decreases of the peak electron density of
theionospheric F2-layer areclosely correlated (Prolss, 1980).

The aim of this paper is to investigate the latitudinal
structure of the atmospheric response to intense geomagnetic
storms (peak |Dst| > 100 nT) and the disturbance of the criti-
cal frequency of F2 layer, foF2. Changesin neutral gas com-
position control the variation of the ionospheric peak elec-
tron density. The storms occurred on July 13, 1982 (peak
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Dst= -325 nT) and September 21, 1982 (peak Dst= - 228
nT). The storm of July 13, 1982 wasthe eighth largest storm
withintheinterval from 1957 to 1986 (Tsurutani et al., 1992).

OBSERVATIONS

Simultaneous composition measurements of molecu-
lar nitrogen (N,), atomic oxygen (O) and argon (Ar) between
280 and 300 km of atitude were obtained by the Dynamic
Explorer 2 (DE 2) spacecraft. Ground-based foF2 datawere
obtained with ionosondes.

The upper atmosphere storm effects are analyzed on
the storm day and the following day.

Figure 1 shows the development of the geomagnetic
index Dst during July 13-14, 1982. The sudden commence-
ment of the storm (sc) was at 1617 UT, the Main Phase On-
set (MPO) wasaround 17 UT on July 13 and the Main Phase
End (MPE) on July 14 at 02 UT.
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Fig. 1. Hourly Dst geomagnetic index on July 13-14, 1982.

The neutral composition measurements were made at
approximately 1500 hours solar local time. The numbers (1)
to (5) in Figures 2 to 4 indicate different UT of observation,
asfollows:

July 13: (1) 1545 UT — 1553 UT; geographic longitude (E): -
156°, -157°
(2) 2028 UT — 2036 UT; -79°, -81°
(3) 2203 UT — 2210 UT; -103°, -104°
July 14: (4) 1342 UT — 1353 UT; 19°, 22°
(5) 2000 UT — 2011 UT; -73°, -75°

Figure 2 shows the equatorial and low latitude struc-
ture of molecular nitrogen in response to the geomagnetic
storm. Measurements of molecular components prior to storm
commencement are taken as a quiet-time reference. During
the main phase of the storm, a significant and irregular in-
crease of the amplitude and latitudinal extension of N, is
observed (curves 2 and 3). Relative deviations from refer-
ence values, of around 79% and 135% at 20° and 35° geo-
graphic latitude respectively, are observed. On July 14, N,
concentration is decreased; however, a smaller but signifi-
cant increase occurs at northern low latitudes at around 20
UT (curve 5). No changes which indicate a perturbation
propagating egquatorward are observed between —10 and O
degrees.
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Figure 3 shows the atomic oxygen density during the
storm. O concentration decreases during the main phase of
the storm, and N, increases. Relative changesin O of about
20% and 39% at 20° and 35° are observed. The oxygen con-
centration remainslow during therecovery phase of the storm
at equatorial and low latitudes, while nitrogen concentration
increases.

Latitude variationsof Ar areillustrated in Figure4. The
largest increase during the main phase of about 615 % oc-
cursat around 35°. After the recovery phase of the storm, Ar
valuesarelow. Thereisno change between —-10° and 0°, and
asmall increase at around 20 UT between 0° and 25°, asfor
N, concentration.

The delayed change in neutral concentration suggests
the arrival of a new surge of composition changes possibly
caused by a sustained energy injection at high latitudes.

lonization is proportional to the atomic oxygen den-
sity, while the loss of ionization depends on the molecular
nitrogen. The N/O concentration ratio isasuitableindicator
to explain the changes in ionization density.

The latitudinal structure of the N/O ratio is shown in
Figure 5. Latitude dependence during the main phase of the
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Fig. 2. Equatorial and low latitude structure of molecular nitrogen during five satellite passes on July 13-14, 1982.
1.2E+09
= o
O~o
1.1E+09 iﬁi‘aﬁ""
8 AAAA ]
000°°%0004,°C A\
1.0E409 1 o® o—%e da,
o
o oU o 4,
9.0E+08 8o, tag —a—1
++++++ +4 +y 5 Oo AA o—2
4t +, 1 oo A 3
8.0E+08 F A e o A‘ —8—
+ °
+ +, De o AA —o—4
7.0E+08 +50 '. & —+—5
+E} ° Op
E"'+.o o
6.0E+08 OF o
D|:|++.
M
5.0E+08 =
e
4.0E+08 \ ‘ ‘ ‘ ‘ ‘
-20 -10 0 10 20 30 40 50

Geographic Latitude (degrees)

Fig. 3. The same as Figure 2, for atomic oxygen.
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Fig. 4. The same as Figure 2, for argon.

storm is a consequence of increase of molecular nitrogen
and decrease of atomic oxygen densities. The small increase
of the N/O ratio observed at northern low latitudes during
the recovery phaseis dueto simultaneous O decreaseand N,
increase, while the small increase of the N,/O ratio at lati-
tudes between —10° and 0° is due to O density depletion.
Thisisthe cause of thelong-lasting negative storm effects at
low latitudes.

foF2 data from stations Okinawa (26° N, 127° N),
Yamagawa(31° N, 131° E), Kokubunji (36° N, 139° E), Sofia
(43° N, 23° E) Bekescsaba (47° N, 21° E) and Rome (42° N
23° E) show the perturbation during the storm. We use the
differences dfoF2 = foF2 — foF2(q), where foF2 (q) are the
values corresponding to a quiet geomagnetic day for the
month of the storm. Theevolution of thedifferenceson storm
day and following day are shown in Figure 6.

Negative storm effects begin afew hoursafter the storm
commencement. The decreases begin around 20 UT on 13
July, during the final stage of the main phase of the storm.
The negative storm effects continue through July 14 with
decreasing amplitude. A new decrease of ionization at around
20 UT isobserved at lower latitude stationswith an increase
of the N/O ratio.

Figure 7 shows the evolution of the Dst geomagnetic
index on September 21-22, 1982. The sc and MPO of this

138

stormwereat 0339 UT and at 16 UT on September 21, while
the MPE was at 08 UT next day.

In Figures 8 to 11 the atmospheric response to the storm
isshown. The neutral composition measurements were made
at approximately 1100 hours of solar local time, as follows:

September 20: (1) 2016 UT — 2019 UT; geographic longi-
tude (E): -144°

September 21: (2) 0712 UT —0715; 51.7°
(3) 1153 UT — 1156 UT; -18.6°

September 22: (4) 0156 UT — 0159 UT; 130°
(5) 0637 UT — 0640 UT; 60°, 62°

(6) 2039 UT — 2043 UT; -151.7°, -151.9°

The measurements of neutral gas densities on Septem-
ber 20 are taken as a quiet-time reference.

Figure 8 shows the high latitude nitrogen molecular
density during the storm. An enhancement in responseto the
onset of the storm, followed later by asmall decrease before
the MPO, isinitially observed. During the first stage of the
main phase of the storm, N, concentration increases. The
relative deviationis 150% at around 02 UT on September 22
for 80° of geographic latitude. At the end of the main phase,
N, concentration beginsto fall, tending to the reference val-
ues during the recovery phase (curve 6).
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Fig. 5. The same as Figure 2, for molecular nitrogen to atomic oxygen concentration ratio (N,/O)
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Fig. 6. Temporal evolution of dfoF2 at low latitude stations on July 13-14, 1982.
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Fig. 7. Hourly Dst geomagnetic index on September 21-22, 1982.
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Fig. 8. High latitude structure of molecular nitrogen during six satellite passes on September 20-21-22, 1982.
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Fig. 9. The same as Figure 8, for atomic oxygen.

Figure 9 showsthe atomic oxygen data. In contrast with
N, behavior, during theinitial phase of the storm (before the
MPO) oxygen density increasesinitially, followed by a sub-
sequent reduction. During the main phase of the storm, O
concentration continuously increase at all represented lati-
tudes. For instance, the deviation respect to reference values
is53% at around 0640 UT and at 85°. Finally, during the last
stage of the storm decreasing values are observed, indicat-
ing the recovery (curve 6).

Figure 10 shows the high latitude behavior of the Ar
density data during the storm. They significantly increasein
response to the storm onset until before the main phase end.
A relative deviation of about 947% at 85° of latitude is ob-
tained. The fall to “undisturbed” values begins before the
recovery stage of the storm (curves 5 and 6).

The behavior of the N/O ratio valuesis shown in Fig-
ure 11. They initially increase from the initial stage of the
storm until before the MPE. Afterwards they decrease close
to the reference values at around 20 UT.

A few stationsfrom middleto high latitudeswith area-
sonableamount of foF2 measurements have been found (Fig-
ure 12). The stations are Uppsala (60° N, 18° E), Magadan
(60° N, 151° E), Yakutsuk (62° N, 129° E) and Resolute Bay

(74° N, -95° E). The stations present ioni zation below quiet
conditions on storm day and the following day, and the
greater variations seem to occur after MPO.

DISCUSSION

Major changesin neutral densitiesare observed at low,
middle and high latitudes during both magnetic storms. In-
creases in Ar and N, and decreases in O during the main
phase of the storms are produced. The largest variation is
for argon, followed by molecular nitrogen and atomic oxy-
gen.

The delay time between the onset of the geomagnetic
storm and the significant density disturbances suggests that
the perturbations are produced by a thermal expansion of
the high-latitude atmosphere during the active phase of the
geomagnetic storm, which causes strong upward winds that
transport density-rich air from lower to higher altitudes and
enrichesthe molecular speciesat theselevels (Prolss, 1998).
Upper thermospheric temperatures rise by several hundred
Kelvin (Maedaet al., 1989).

Neutral winds then redistribute this dense air over the
high-latitude region. After several hours these storm time
winds arrival at middle and low latitude regions as part of
the global circulation that is set up by the auroral heating.
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Fig. 10. The same as Figure 8, for argon.

The negative storm effects are closely related to in-
creases in the N/O ratio. The increase in the molecular ni-
trogen density and the decrease in the atomic oxygen den-
sity may contribute to reduce the ionization density at peak
F2-region height. Enhancement of O concentration at high
latitudesis observed, while negative storm effects prevail at
the stations. Notice that during the main phases of storms at
high latitudes O and N, concentrations are nearly compa-
rable, while O concentration isgreater than N, concentration
at low latitudes.

These results suggest that the negative ionospheric
storms are caused by an increase in the molecular nitrogen
and by a decrease in the oxygen atomic, which are associ-
ated to storm-induced winds. The conspicuous falls of ion-
ization are delayed respect the onset of the storm making
evident that they are produced by neutral winds because sev-
eral hoursarerequired between the generation and the propa-
gation toward low latitudes of these winds carrying compo-
sition changes.

Two mechanismsinvolved in F2-layer storm phenom-
enaplay important roles at low and high latitudes during the
initial stage of storms.

In day-time an equatorial east-west electric field of
magnetospheric origin, in conjunction with the geomagnetic
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field, causes a drift of ionization from a region where the
lossrateisgreater into aregion wherethelossratio islower.
lonization diffuses along the geomagnetic field lines toward
higher latitudes, thus causing a depletion of electron density
around the equator and two crests on both sides of the equa-
tor. This effect is the Appleton or equatorial anomaly. Dur-
ing storm periodsatemporary enhancement of the eastward-
directed electric field is produced. This enhancement in-
creases the upward drift and occurs a subsequent drainage
from equatorial latitudes.

At night, the direction of the electric field reverses and
the drift of ionization isin the downward direction. It isrea-
sonable to assume that the depletion of ionization observed
at low latitudes during the initial phase of the geomagnetic
storm on July 13, 1982 may be caused by an enhanced el ec-
tric field since these disturbances are produced nearly simul-
taneoudly at different latitudes (e. g. Yamagawa, Kokubunji
and Okinawa).

CONCLUSIONS
Changes of neutral gas composition (N,, O and Ar) and
their relation with ionospheric disturbance effects during in-

tense geomagnetic storms have been studied.

Important changes of neutral gas composition were
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found at low and high latitudes at heights between 280 to
300 km and also in the ionosphere.

(@ Increases of N, and Ar densities are observed at high
and low latitudes during the main phase of storms.

(b) Decreases at equatorial and low latitudes and increases
at high latitudes of the O density are also produced at
this stage.

(c) Theincreasesin the N,/O ratio and the negative iono-
spheric storms correspond closely. Thissuggeststhat the
behavior of the ionosphere is strongly compositionally
controll  ed when the global circulation is established.

(d) Theincrease of O density at high latitudes when N, den-
sity isenhanced isnot sufficient to generate positiveiono-
spheric storm effects. Possibly these increases of ion-
ization may depend on arelative increase of O over N,.
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