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(h(max)) data using a modified form of the "servo" model wherein plasma transport,due to electric field
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Nighttime thermospheric meridional winds
at Cachoeira Paulista (23°S, 45°W):
Evidence for effects of the equatorial midnight pressure buige

Inez 5. Bausta, J. H. Sastri,' R. T. de Medeiros.” and M. A. Abdu
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Abstract. We have studied the focal time and seasonal vanations of thermospheric nighttime
meridional winds at the low-lalitude staton, Cachoeira Paulista, Brazil, corresponding 1o quiel
reomagnetic conditions of high solar aciivity (F10.7 > 150 units). The mesidional winds are
denved from F layer peak height (fin., ) data using a modified form of the “servo™ model
wherein plasma transport due 10 electric field is taken into account. I s found that during the
solstices the meridional winds exhibit the ransequatorial nevtral 2icflow from the summer to
the winter hemisphere, i.e., the nighitime winds are primarily equatorward (poleward) during
the December (Tnne) solstice. it is shown that this neuwral wind fow pattem is effectively
modutated by winds related to equatorial midnight lemperamre maximum {MTM) and the
associated midnight pressure bulge, especially in the December solstice (local summer). The
seasonal visibility of the effect of MTM on low/equatorial latitade meridionat wincs seems to

be different in the east Brazil (45°W) and Indian (75°E) sectors

Introduction

The characteristics of the equatoridl  low-latitude
Ihermosphere are dominated by ineractive coupling between
Ihe plasma and neutral domains. This physical sitvation 15
reflected in several phenomena specific 1o this segment of the
terestrial bpper atmosphere, one of them being the equatorial
midnight temperawre maximens (MTR) and the associated
midnight pressure butge [see Herrero e af. 1993, and
references therein). MTM & curently undersiood in terms of
tidal forcing in which the ion neutral momentum coupling
asociated with the diumal variation in ion drag plays e
central role. Recent simulation resalts of MTM using
TIEGCM [Fzsen, 1996] show thal ils development 5 due
the upward propagation of sermidiumal Gides, and that the
observed seazonal variations in MTM may be explained by the
cornbined effect of the 2,2 and 2,3 tidal modes. which differ
from summer & winter, MTM is an enerpeteally significant
and semipermanent (oceurs 30-530% of the time) fezature of the
equatorial thermosphere and influences significantly the
dynamics of both neutral thermosphere and ionospheric
plasma. Our chservational knowledge of equatorial MTW and
its effects is based on that derived from AE-E and DE-2
satellite data and from ground-based measurements il a few
widely separated sites [Herrerp er af., 1993, ynd references
therein; Reao and Sastri, 1994; Sustri et ol 1994, Herrero
and Meriwether, 1994, Goembel and Herrern, 1995,
Colerice ef af., 1996]. There is now a resurgence of interest in
equaloridl MTM motivaed by the need o charadienze the
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phenormenon, For the different longitude sectors, as regards te
variahility of its characteristics (shape, amplinge wnd lime of
occurrence} from day to day. with season. solar and
geomagnetic activity and lower atmospheric penwrbations.
Recent studies indicale that the amplilede of MTM  is
longitede dependent, being higher in ke Jndian sector
compared 1o the American seclor {Rae and Sastri, 1994], and
that the variabitity of the MTM and the associated aighitime
pressure bolge may possibly be linked w the vanability of
solar EUY radiation [CGoembel and Herrevo, 1995],

An indirect means of enhancing our knowledge of the
structuee and dynarnics of the subauroral thermospbere is
through analysis of the extensive jonosonde data uvailable
from the global network. For example, MTM can be swdied
throngh its effects on low-latitide thermosphesic meridional
winds and £ Jayer height. The passage of the pressure bulge
associated with the MTM over the midnight sector cavses a
deceleration or even a reversal in the equalorward winds,
which appears a5 a descent of the F layer in height (tenmed as
“midnight collapse™). and enhancerneat of 01630 nm airglow
emission, at low laticudes [see Merrerp er af, 1993, and

ferenves Lherein). Valuable information is obtained aboui
meridional neutral winds for midlatwdes from analysis of
ionpsonde data, taking advantage of the fact that the F layer
peak height {4} is sensilive to mecidional wind [see
Titheridge, 1995, and referpnces therein], Extension of this
approach 10 Iow and eqeatorial latitudes is not swaightionvard
because fin. at these locations is conirolled by meridional
wincls as well as by electric fields. We have just developed a
method of calculating the meridional winds For the low-
latiwde station, Cachoeira Panlista (23°8; 45°W: dip. -307
from fue dasa using the servo model [Rishbest or af . 1978}
and gaying due anendon 10 the effects of electric fields
[Medeiros er al., 1997). Tne diumal patterns of meridional
winds and their seasonal variations derived from this maihod
are tound 1o be in broad agreement with the HWM%0 model

predictions,
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In this paper we focus an the iaterprelative aspects of the
nocturmal and seasonal variauons of nighttime mendional
winds a1 Cachoesra Paulista (CP) for high solar fux {FI10.7 >
150 unus} conditions, We present evidence (0 show, for the
first ume. that the patern of nightime meridional winds at CP
is modulated by winds relaed to the equatoriadd MTM and
associated pressure builge, paruculmrly in the December
solstice (local summer). The modolation is ascertained Fom
an evalvation of the local ume variation of the winds with
reference to the two-di icnal {loca) time-latitude) global
distribution of the MTM derived by Spencer et ol [1979]
from satellive data. We consider the identification of the MTM
modulation in meridional winds & Cachoeira Pavlista as a
first step in the direction of establishing the characierisucs of
MTM in the east Brazil seetor,

Calculation of Meridionat Winds

We have derived meridional winds at Cachoeira Paulista
(CP) from Ay, data using the serve model squations in the
urne dependent form and retaining the noolinear terms (see
Rishberh et al., 1973, Buonsanmio 1 al., 1989). The main
inputs are hg,, the F layer venical drift at k.. and the
balance height, kg i.2., the height of peak electron density in
the absence of plasma transport. The POLAN code is used o
obtain A, from ionograms prior (0 1990 and the University
of Massachusetis Lowell Center for Atmosphesic Research
Digisonde  ARTIST code fom March 1991. The verueal
plasma drift near the dip equator is derived from the
ficamarca radar measuremenis of the vertcal drifi and from
the tite derivative of the A'F at Forialeza (4°5; 38°W), as
described by Medeiros er ol (1997]. The equatorial drift
model thus obtained is then used to estimale the vertical drift
al hy,, over CP by field line mapping. The alimde gradient of
vertical drift at the dip equator reguired for the purpose is
derived from a pumerical model of the electrodynamical
coupling of E and F regions (see Batiste et af. [1986] for
details). The local time pattern of the height gradients
predicted by the model is consistent with the Jicamarcs radar
measurements [Medeiros et al, 1%97). The balance height hy
is calculated from siandard servo model equations using the
MSIS-86 nevwal atmospheric model. The maghetic
mecidional wind, &7,, is catculated (rom the equation:

1 ah.
sinfeos{  dr

U, =

Farmh, [y
"‘-*H— e H * __vi_ W
(R+lja

where

_ tcpss

= kmm™ 5"
(k+ 1D sin ) ( )

and { is the dip angle, & is the scale heighi of ionizable gas,
and D is diffusion coefficient; k=175 and A=1 far might, and
3.86 for daytime conditions, with 3 linear wansition between
0660 and 1000 LT and between 1400 and 1500 LT, The
relative coniribution of the three terms in (1) w0 e wind
camponent in the magnetic meridian depends on local time,

season and solar activity. The present work is based on
ionosonde data comesponding ©  geomagnetically quiet
conditions (EXp < 10) of the high solar activity period:
Seprember 1925 (o December 1991

Resuits and Discussion

Neutral aimosphere winds at F regron altitudes are driven
primarity by prassure gradients sei up by solar EUV heaung,
Since the Coriolis force is small compared o the Frictipaal
forces of ion drag and viscosity, the newtral air flows from the
high-pressure bolge around the subsolar point and seross the
termuaztor and over the poles into the low-pressure region
near the mtisubsolar point, with the return flow at heighis
below 150 km. This two-cell circulation pattern can be
expected 1 prevail under quiet geomagretic condilions and in
the absence of any other sources of heating. In the solstice
months, nighitime meridional winds at low tatitudes ought to
exhibit 1be transequatorial flow of air from  summer
hemizghere (0 winter hemisphere. In the equinoxes when the
subsolar and antisolar points are near the gevgraphic equaror
on the dayside and ovighiside, respectively, e nighitime
meridional winds are 1 be equatorward in both hemispheres.
The amplitude of the nentral wind in the magnetic meridian at
low latitudes can be madified by the zonal wind in the cegions
whers magnetic declination is large like the east Brazil sector.
At Cachoeira Paulista (magnetic declination 19°W), the
eastwarg zonal wind that prevails in the evening and
nighitime period produces a poleward wind in the magnetic
meridian iespective of season, and this will be superposed
on that due 1o the global circulation. As a result, the nighitime
poleward winds at Cachoeira Paulista will be enhanced in the
June solstice (locat winter) depending on the amplinide of the
eastward zonal wind, On (he other hand, a reduction of the
gquatorward wind is i be operanive o the December solsiice,
Let us now examine the meridional wind paitems at CP in the
light of these considerations.

Figure 1 displays the mean pauemns of nightime magnetic
meridional winds at Cachoeira Paulisia derived from
ionosonde data for the December and Jone solstices and
equinoxes, along with the HWMO) winds. Also ploued are
the magnetic meridional winds calcolated from the direct
measurements of zonal and meridional winds at CF with the
Fabry-Pesot interferometer (FP1) technique over the period
March 1988 to Decernber 1989 (nol simultaneous with the
ionosonde data analyzed here) reporied by Sahai er af [1992].
It can be seen thal there is brad agreement beiween the
model winds and the winds from indirect {ionosonde} and
direct (FPIy meihods, pariicolacy in equinoxes and the June
s0lstice. In the December solstice (local summer, the
iomosonde winds at CP are equatorward (as can be expecied),
bur only for short intervals in the postsonset and postmidnight
periods as can be seen fom Figure 1. Beginning at 2000 LT
the eqguatorward wind abates and reverses direction to
poleward with maximum amplitude (about 35 mys) at
midaight and retarns @ the eguatorward direction by 0200 LT,
The FP1 winds also show essentially the same pattern but with
a delay of 1 hour. This consistent behavior is a signilicant
departure from the HWM90 winds and the one expected from
the global thermospheric circulation due 10 solar forcing. The
rapidity of the abatement and reversal of the equawrward
wind around midnight, and its subsequent return 10 the
equatorward direction bears the signature of the effect of the
pressure bulge associated with the equatorial MTh,
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Figure 1. Mocturnal varjation of nevtral wind in the magnetic
meridian (positive equatorwand) over Cachoeira Paulista for
the December (D), equinox (E), and Juae (1) months of I_ugh
solar flux conditicns, The HWMS0 model winds and winds
from FPl messorements at the same location (not
simultaneous) are also shown foc comparison, The number of
nights of data are also shown both [or ionosonde and FFl
winds, The average solar 10.7 cm fux for the D, E and J
months is 196.2, 194.7 and 185.3 units, respectively.

The two-dimensional (local time-laltude) disuibution of
MTHM derived by Herrere ond Spencer [1982] from AE-E
satctlite data shows that in the December solstice, MTM
appears first at low latitudes in the southem (swmmer)
hemisphere around 2000 LT, and then exteads towlra:d lhc_
equator and into the noethern hemisphere. The wnplitode of
MTh is more in the summer hemisphere than in the winter
hemisphere, and there is o secondary isolated rraximum i,u e
summer hemisphere centered on wmidnight berween 157 and
20° lativede [sec Herrero and Spencer, 1982, Figure 4]. The
abuternent and reversal of the equatorward wind at CP over
the period 2100-0200 LT in the December sobstice Lhus finds u
logical exptanation in terms of the elfect of winds l‘cl&i!l.‘d o
the midnipht pressure bulge. The penuineness of 1h_1s
expl n can be gauged from oiher facts like changes in
Jiueax (inpuit o the wind calculations) at CP shown in Figure 2.

The distinel mudmght descent of the £ Luyer over CP i the
Drevember solstice 15 gquile ohvious and the mean Jescent rate
of = 5.3 mfs compares favorably with (he comesponding value
ot 8 mis a1 Arecibo [Nefson and Cogger. 19711 1t 13 pertnent
1© recall here thai the mudnight descent of the low-lausiode £
fayer prowided Whe eady ewvidence for he existenve of the
equatorial MTM [Nelson and Cogger, 19711 The arn_plimde
of the midnight poleward winds at CP of 33 mfs s also
consisient with the satellite measurements [Spercer ef al.
1979]. A recemt work on coordinated o F
region dynamucs related w0 MTM (Celerico ai of, 1996]
showed o close relauon  helween reversals in meridional
winds and the passage of 2 “brighiness wave”™ associaed with
the MTM over Arequipa, Peru, in Cctober 1994,

The effects of the squatorial MTM on mugnalic mendian
winds 4t Cachoeira Paulista are not that sppureat in the June
solsiice and equinoxes compared 1 the December solstice. As
can he seen from Figure 1, in the June solsiice. the suong
poleward wind {100-120 m/s) in the postsunsel period {1900~
2000 LT) decays more or iess completely by midnight,
followad by an intecval (0000-0300 LT of weak resurgence
and an eventnal change of direction loward the equaior in the
predawn hours, The FP1 winds also exhibil the same paiters,
and both are consistent with the wiater (June solstice) FPL
abservations al Arequipa, Peru [Menweiher ei al., 1986). We
suggest that this patlern of meridional winds implies the
effects of MTM winds for the following reasons. The FPT
cbservations al Arequipa show that in southern winter (June
solstice) an eastward wind (50-150 m/s) persists through the
night [Meriwerlier ei al., 1936], and It is not unreasonable o
assume such a sitwation for the east Brazil sector aiso. One
can, therefore, expect o see large poleward winds in e
magnetic meridian at CP throughowt the night in the June
solstice, due to the combinaton of transequatorial winds of
global circulalion and poleward winds caused by the ¢asiward
zonat wind We interpret the observed cessation of poleward
winds by midnight and their brief resurgence atter midnight as

850 —1——T—T— T

hmF2 (km}

2 4 1
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Figure 2. Nocturnal variation of the height of F2 layer peak
densily (fy.) at Cachoeira Paulista during the Deceinber
solstice. The thick line shows the variation of mean -



the effects of MTM. The AE-E satellite resulis show that
dunng the June solstice, the MTM appears on the equator
around 2200 LT and extends first inlo the summer hemisphere
and then into the winter hemusphere [Herrerp and Spencer.
i952). Its amplilude is higher on the equator and in the
summer hemusphere than in the winter hemisphere. As a
resolt, the large posisunset poleward winds av Cachoeira
Paulista (23°S) will be impeded beginmng around 2130 LT
iirst by the winds associated with the high temperanire on the
equator and then in the summer hemisphere and subsequently
b those in the winter hemisphere, According 1 this scenaro,
the brief resurgence of poleward winds after mudmighe at
Cachosira Paulista must essenually be due 1o the poleward
winds set op by the MTM in the winter hemisphere, i.e., the
core of MTM has 1o be equatorward of Cachoeira Paulista.
Direct ground-based FP] observations of neutral temperaiyre
ahoul 15° from the equator in the east Brazil sector wiil help
confinm this iaterpretation. There is no indicalion of any effect
of MTM on tie meridional wind pauem doring the equinoxes,
as can be seen from Figure 1.

It i5 worth pointing out that the local Gme-Jattude global
distribotion of MTM, which is the basis for the qualitaive
explanations made here, has been derived by Herrero and
Spencer {1982] from satellite dala of a low 0 moderaie solar
acuvity epoch (1977-1978), whereas Ihe winds discussed here
perizin W high solar activity. A comparison of the seasonal
varration of metidional winds at Cachoeira Paulista with those
at cther Jow-latndefequatorial slations reported in the
litzrasure brings out 2 significant difference in the visibility of
the etfect of MTM on low-latitude meridional winds between
the Indian and east Brazil sectors. Al SHAR (137N}, India,
the abaterment and reversal in direction of equalorial wind,
which is the characteristic signature of the effect of the
prezsure bolge associated with MTM, is prominently seen in
equ:noxes [Hari and Krish thy, 1995], wh at
Caenoeira Paulista {23°S), it is seen in the December solstice
{leczf summer). The origin of this difference may be related 0
ke celative position of the two stations in relation to the
meznetc equator and to e tidal forcing that is thought w
ger.erate the MTM phenomena. It is pertinent 19 mention in
this conext that the amplitude of MTM has recently been
found W be In general higher at Kavalur (12.5"N), India, than
at Jicamarca (127N, Pery [Rac and Sasird, 1994]. Synopiic
gresnd-based observations (particularly in campaige mode) at
a zicbal aetwork of stations will help in understanding the
glgelfregional features of the equatorial MTM and its effects
on Flayer dynamics,

Conclusions

1. Under quiet geomagnetic conditions of high solar aciiviry,
the errospheric nightime mendional nemral winds &b
Czshoeira Paolista , Brazil, exhibil the pattem of neuiral
i~ w from the summier to the winter hemisphere during the
soliices

2 This wind pattern ducing the solstices is shown 1o be
mee . ated by the passage of the midnight p budge
asscstated with the equatorial MTM. The modulation is
pre=aendy seen in the Decernber solstice (Jocal summer) in
the .= of a rapid abatement and reversal of (he equatorward
wir 2 arpund midright. There is no apparent effect of MTM
on r.:ghuime meridional winds in the equinoxes.

3. Tae visibility of the effect of MTM on meridional winds
at 1o+ equatorial latitudes seems to depend on fongide, It is
bes: 3220 in the Decernber solsiice in east Brazil and during
equinxes in the [ndian sector.
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