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Abstract. The thermospheric midnight temperature maxi- brightness wave (PMBW) and described as an enhancement
mum (MTM) is a highly variable, but persistent, large scale in 6300A emission which occurs typically between 20:00—
neutral temperature enhancement which occurs at low lati22:00 LT and exhibits equatorward propagation. We present
tudes. Its occurrence can impact many fundamental uppethe first successful simulation of a PMBW event using the
atmospheric parameters such as pressure, density, neuttBIEGCM and the airglow code. We find that the PMBW's
winds, neutral density, and F-region plasma. Although theorigin is electro-dynamical in nature, resulting from the ex-
MTM has been the focus of several investigations employ-pected evening decay of the inter-tropical arcs.

ing various instrumentation including photometers,satellites,KeyWOrds lonosphere (Equatorial ionosphere; Modeling
and Fabry-Perot interferometers, limited knowledge exists ' '

regarding the latitude extent of its influence on the upper at—and forecasting)
mosphere. This is largely due to observational limitations
which confined the collective geographic range to latitudes
within £23°. This paper investigates the MTM’s latitudi-
nal extent through all-sky imaging observations of its 6800

airglow signature referred to by Colerico et al. (1996) as

the midnight brightness wave (MBW). The combined field :

. . . . neutral temperature enhancement which occurs at low
of view of three Southern Hemisphere imaging systems lo-__. . . .

; : latitudes. The magnitude of the MTM is reported to be in

cated at Arequipa, Peru, and Tucuman and El Leoncito, Ar- ;

. o . - _ the range of 20-200K (Sobral et al., 1978; Spencer et al.,
gentina, for the first time extends the contiguous latitudinal ] . ) ; ) )

. . . . 1979; Burnside et al., 1981; Rao and Sastri, 1994; Colerico

range of imager observations t6 8-39 S in the American

sector. Our results highlight the propagation of MBW eventset al., 1996; Colerico and Mendillo, 2002; Faivre et al.,

' > Nightlg propag : 2005) developing initially near the geographic equator and
through the combined fields of view past*3latitude, pro- exhibiting apparent poleward propagation (Herrero and
viding the first evidence that the MTM’s effect on the up- g ap P propag

per atmosphere extends into mid-latitudes. The observationgpencer’ 1982). The development of an MTM has the

presene ere are compare wih modeled dasans. [0S, o peducro a fost o moteatons 7 ener
sions calculated using the NCAR thermosphere-ionosphere- bp P P ' P

. . ) : al. (1979) showed that recurrent nighttime enhancements
electrodynamic general circulation model (TIEGCM) in con- . :
) . . . ... in neutral temperature were correlated with a poleward
junction with an airglow code. We report that at this time

TIEGCM is unable to simulate an MBW event due to the i:Lq[?allT/vi:];s tgﬁg:?gytﬁg:sitg:{virtd ?égzglrrgeburrz”?:\zgg)
model’s inability to reproduce an MTM of the same mag- gnt p 9

nitude and occurrence time as those observed via FPI mea\{yh'Ch accompanies the MTM. In turn, this poleward wind

. : : .~ odification may affect the vertical transport of plasma
surements made from Arequipa. This work also investi- o . ) :
L o . : down magnetic field lines to lower altitudes where it can dis-
gates the origins of an additional low latitude airglow fea-

. . sociatively recombine to produce 63@0airglow emissions
ture referred to by Colerico et al. (1996) as the pre mldmght(Behnke and Harper, 1973). Nelson and Cogger (1971) were

Correspondence tayl. J. Colerico the first to identify the relationship between the appearance
(colerico@haystack.mit.edu) of a 6300A post midnight enhancement and the downward

1 Introduction

The thermospheric Midnight Temperature Maximum
(MTM) is a highly variable, but persistent, large scale
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504 M. J. Colerico et al.: Comparative investigations of equatorial electrodynamics

descent of the F-region plasma. The authors referred to thesauthors reported that PMBW events were often correlated
two features as the “post-midnight enhancement” and thewith neutral wind and temperature patterns similar to those
“midnight descent”, respectively. Later, Behnke and Harperobserved during MTM events. However, it was not clear
(1973) referred to the “midnight descent” as the “midnight whether the MTM was responsible for the development of
collapse”. The MTM’s ability to influence the nighttime both MBW and PMBW airglow features.
behavior of the low latitude thermosphere on a fundamental In this study, we employ a chain of three all-sky imag-
level requires attention to be focused on understandingng systems with overlapping fields of view located at Are-
its generation mechanisms, characteristics, and level ofjuipa, Peru, and Tucuman and El Leoncito, Argentina to ex-
influence on other upper atmospheric parameters. amine 630G airglow observations over a combined latitude
During the late 1970’s and early 1980's significant atten-range of 8 S-39 S. This presents the first opportunity to ex-
tion was focused on MTM observations in the American sec-plore the extent of the MTM's influence past°3@. Our re-
tor addressing issues regarding its basic characteristics sudults highlight the first evidence of the MBW'’s propagation
as occurrence time, magnitude, and seasonal behavior as wetrough this extended latitudinal coverage into mid-latitudes
as its impact on other atmospheric parameters (Herrero € the American sector. This suggests that significant low to
al., 1993, and references therein). Due to observational limmid latitude coupling of the thermosphere-ionosphere sys-
itations which confined these investigations to a geographiadem exists during MTM events via its influence on funda-
latitude range withint20°, limited knowledge was obtained mental upper atmospheric parameters. We present the first
regarding the latitude extent of the MTM’s poleward prop- view of the MBW’s averaged poleward propagation path past
agation and upper atmospheric influences. Studies employ3% S under equinox conditions using averaged 6&G0r-
ing various instrumentation such as photometers (Sobral ejlow data from Arequipa and Tucuman during October 1996
al., 1978), satellites (Herrero and Spencer, 1982), and FPland El Leoncito during April 2000. Averaged October 1996
(Meriwether et al., 1986) reported on the passage of thé=Pl measurements of neutral wind and temperature are pre-
MTM out of their fields of view to higher latitudes. None sented as a descriptor of the MTM’s effect on upper atmo-
witnessed the termination of the MTM's poleward move- spheric neutral parameters.
ment. We model 630@& airglow emissions using the NCAR
Colerico et al. (1996) made the first 2-D ground based ob-Thermosphere-lonosphere-Electrodynamic General Circula-
servations of the MTM through its 63@0airglow signature,  tion Model (TIEGCM) in conjunction with an airglow model
the midnight brightness wave (MBW), using an all-sky imag- (Mendillo et al., 1993; Semeter et al., 1996) for geophysical
ing system in operation in Arequipa, Peru (62 71.5 W). conditions similar to those during October 1996, i.e. mag-
The authors described the MBW as a recurring enhancegetically quiet, solar minimum, equinox, in an attempt to
6300A airglow feature which exhibited apparent north-east reproduce PMBW and MBW events. The modeled airglow
to south-west propagation through the field of view near lo-as well as the TIEGCM neutral winds and temperatures are
cal midnight. These MBW events passed overhead withincompared with the October 1996 averaged imaging observa-
a two hour time frame with an apparent phase velocity oftions and FPI measurements. The model results include the
200-400 m/s. The analysis of simultaneous neutral wind anduccessful simulation of a PMBW event. Further analysis of
temperature measurements made by an FPI collocated withdditional TIEGCM simulated parameters indicate that the
the Arequipa imager revealed a strong correlation betweerPMBW'’s origins are electrodynamical in nature, stemming
the passage of MBW events with temperature enhancementgom the reversal of the fountain effect and expected decay
between 100-200K and poleward reversals/ abatements iof the intertropical arcs. Attempts at simulating the MBW
the meridional wind. This was consistent with the Spencer efproved unsuccessful, likely due to the model’s inability to
al. (1979) results, thus confirming the relationship betweenreproduce an MTM of strong enough magnitude to instigate
the MTM and MBW. All of the MBW events observed by the upper atmospheric modification required for enhanced
the imager passed through its latitudinal field of view 888  6300A production. We discuss the MTM’s generation mech-
to 23 S which placed a solid lower limit on the MTM’s pole-  anism and suggest that additional higher order, upward prop-
ward propagation but provided no additional information re- agating tidal modes from the lower atmosphere and their in-
garding its total latitude extent. teractions may be necessary for accurate simulation of the
Colerico et al. (1996) reported on another persistent, entMTM within the model.
hanced 6308 airglow feature observed by the Arequipa
imager, referred to as the pre-midnight brightness wave
(PMBW). PMBW events typically occurred early in the 2 Instrumentation
evening between 20:00-22:00 LT with a propagation direc-
tion opposite that of an MBW from south-west to north-east. As part of the NSF CEDAR MISETA Program (Multi-
Though not as frequent as MBW events, the PMBW waslnstrumented Studies of Equatorial Aeronomy), an all-sky,
a regular feature in the imaging data often occurring with,image-intensified CCD camera system was in operation
but not exclusively accompanied by, an MBW event. Thein Arequipa, Peru (16%2S, 71.35), from October 1993
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to October 2000. An additional (ONR sponsored) imag-
ing system was installed in Tucuman, Argentina (2637
65.15 W), in September 1996, and was subsequently moved
to El Leoncito, Argentina (3178S, 69.0 W), in May 1999.

A detailed description of these imaging systems can be found
in Baumgardner et al. (1993) and Mendillo et al. (1997). Fig-
ure 1 illustrates the geographic locations of the three South-
ern Hemisphere imaging systems used in this study. The cir-
cles represent P5of their fields of view (elevation angles
ranging from 18-9C) at an altitude of 300 km. These over-
lapping fields of view, encompassing the’ Y8 meridian, fa-
cilitate the first opportunity for airglow observations over the
extended geographic latitude range 839 S.

These fully automated imaging systems ran for a two week
window each month centered on the new Moon. Images were
taken at multiple wavelengths and exposure times. Each im-
ager was equipped with a set of oxygen emission line filters
at 5577A, 6300A, and 77743, along with an off-band con- : : ‘
trol filter at 6444A used for photometric calibration of the - | A 120°s
6300A images. Each of these wavelengths provides unique
information regarding the approximate altitude regime in
which a given airglow feature develops. The 7A7émis-
sion results from the radiative recombination of @nd &
at F-region altitudes given by the reaction

Southern Hemisphere All-Sky Imaging Sites

T e S 20°N

€ +0" > O0+hv (1)

The peak of 7774 emissions occurs neamby, the altitude | 40°8
of F-region peak electron density, which can 100 km : ' '
during post sunset periods. The dissociative recombination
of OF through the reactions

0;+0" - 0J +0 (2) 90°W 20°W 50°W

O; +e > 0+0° ®) Fig. 1. The geographic locations of three Southern Hemisphere all-
. . sky imaging systems used in this study. The circles represénif75

produces 6308 or 5577A airglow depending on the state of the fields of view at 300 km with the dots representing the zeniths

O* at F-region altitudes between 250-350 km (Rees, 1989).0f the imagers. The location of a FPI is also indicated at Arequipa’s

In general, the MTM develops belokax in the approx-  location.

imate altitude range of 200-400km (Herrero and Spencer,

1982). Mendillo et al. (1997) reported that while the MBW

was observed in both the 55&7and 63004 emissions, it

was absent in the 77744 observations. This is consistent

with the Herrero and Spencer (1982) findings. In the F-

region, 5577 is a weaker emission than 6380Taking this

into consideration, the work presented here focuses on ob-

ser_vati_ons anq_modeling of the Ipw Iatitudg 63‘5_0©missio_n 3 Observations

which is sensitive to the dynamics occurring in the altitude

region in which the MTM develops. 3.1 6300 all-sky imaging observations

Also indicated in Fig. 1 is the location of an FPI collo-

cated with the Arequipa imaging system. The FPI has beerColerico et al., (1996) investigated the seasonal dependence

in operation in Arequipa since 1983 (Meriwether et al., 1986;0f MBW occurrences and found that while MBW events

Biondi et al., 1990, 1991). The system was upgraded forwere observed in all seasons, they occurred predominantly

MISETA, making coincident measurements with the imag- during equinox months. The data sets chosen for the study

ing system between October 1993 and October 2000. Theresented here consist of the equinox periods October 1996

measurements made by the FPI include thermospheric neu-
tral winds and temperatures, and 630Mtensity. FPI mea-
surements were made in the four cardinal directions; north,
south, east, and west at a zenith angle ¢f 60

www.ann-geophys.net/24/503/2006/ Ann. Geophys., 24, 5032006
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BOSTON UNIVERSITY IMAGER  EL LEONCITO, ARGENTINA 05 APR 2000 EL LEOlTO 300 km  6300A
APRIL 5, 2000 6300 A i P

-

01:04:19 LT 01:29:116 LT 01:49:03 LT 02:16:43 LT

299

03:00:16 LT 03:11:12 LT 03:20:02 LT 03:30:29 LT

255

Geographic Latitude (South)
Relative Brightness

Fig. 2. A series of eight 6308 all-sky images taken from El
Leoncito, Argentina on 5 April 2000 which illustrates the passage .

of an MBW event. The orientation of the images is such that North R RN SR e e O
and East are at the top and to the right, respectively.

Fig. 3. A meridional intensity scan constructed from data taken
by the El Leoncito imager on the evening of 5 April 2000. The

for Arequipa and Tucuman and April 2000 for El Leoncito. MBW event is clearly evident in this scan. The MBW enters the
; Sfield of view from the north at approximately 02:00 LT and exits to

the south near 03:15 LT. The black line indicates a linear fit to the

but this was not possible for a variety of weather and Ioglstl-MBW,s poleward propagation path.

cal reasons. The differences in the equinox conditions for fall
versus spring were ignored, since on average the MTM be-

haves similarly in both seasons (Herrerooand Spencer, 1982}« MTM's poleward propagation at 38 in the American
Figure 2 displays a series of eight 638@ll-sky images  sector.
taken from El Leoncito on 5 Aprll 2000, which illustrates the The average of all individual meridional intensity scans
passage of an MBW event. The orientation of the images iswithin a given monthly two week operation window can pro-
such that north and east are at the top and right of each imyide a measure of the overall behavior of airglow emissions
age, respectively. The MBW is seen as the enhanced airglowuring that time period, accentuating any persistent merid-
feature propagating from north-east to south-west throughonal propagation features within the data set, as shown in
the field of view. This presents the first indication that the Colerico and Mendillo (2002) for Arequipa. Averaged scans
MTM's influence on the upper atmosphere extends past theyre more suitable for comparison with model calculations
previous observational limit of 23nto mid-latitudes in the  than individual meridional intensity scans which can exhibit
Southern Hemisphere of the American sector. day to day variabilities. For instance, variabilities may re-
A meridional intensity scan is a valuable data analysis toolflect variations in magnitude, latitudinal range and duration
used in the identification and examination of the meridional of the southern Appleton anomaly crest, or in the MBW'’s oc-
propagation of 6308 airglow enhancements observed in the currence, magnitude and propagation speed. Figure 4 shows
all-sky imaging data such as PMBW and MBW events. It is a composite averaged meridional intensity scan constructed
constructed by taking a vertical slice through the zenith ofby merging averaged meridional scans for each of the three
each image taken over the course of an evening and stacldata sets selected for this study. The averaged Arequipa
ing them in chronological order. Each image included in and Tucuman meridional scans were constructed from 14
the meridional intensity scan was corrected for 6AMhCk- and 6 nights of data during October 1996, respectively. The
ground contamination as well as vignetting and van RhijnEl Leoncito averaged meridional scan included 5 nights of
effects. Figure 3 presents a meridional intensity scan for thedata taken during March—April 2000. The selection criterion
evening of the 5 April 2000, MBW event shown in Fig. 2. was such that all evenings with favorable weather conditions
The MBW enters El Leoncito’s field of view at approxi- were included in the averages. The absence of Tucuman
mately 02:00 LT and exits to the south near 03:15 LT. Thedata in the composite scan between 20:00-22:30 LT is due
black line indicates a linear fit to the MBW'’s poleward prop- to persistent, poor weather conditions early in the evenings.
agation path. The southern Appleton anomaly crest can als@ he first feature of note is the averaged latitudinal location
be seen as the enhanced airglow feature observed earlier of the Southern Hemisphere anomaly crest during October
the evening between 19:30-23:30 LT in the latitude range 0fL996 and April 2000, indicated by the brackets. Under so-
24°-30C S. It is important to note the exit of the MBW event lar maximum conditions, f57=1855, the anomaly crest is
from El Leoncito’s field of view, setting a new lower limit on positional farther south and extends farther into the nightside

Ann. Geophys., 24, 50343 2006 www.ann-geophys.net/24/503/2006/
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Composite 6300 A Image of Arequipa,Tucuman, and El Leoncito lFieIfis of}/ielw o 255 A) Neutral Temperaiure (B) Meridional Neutral Winds
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Fig. 4. A composite averaged meridional intensity scan constructed | | f L
inati i 200 1] SR P A T 0
from the combination of the a\{eraged Arequipa, Tucyman, and.EI e oo e e e R
Leoncito data sets. The Arequipa and Tucuman sections of the im- Local Time Local Time

age include 14 and 6 nights of data, respectively, taken during Oc-

tober 1996. The El Leoncito segment includes five nights of dataF
taken during March—April, 2000. The PMBW and MBW events are
labeled and linear fits to their propagation paths are indicated by th
black lines. The location of the Appleton anomaly crest is indicated
by the brackets.

ig. 5. A comparison between October 1996 averaged FPI measure-
énents taken from Arequipa (the x’s) and the equivalent TIEGCM
modeled parameters (the dashed lines) at’13 latitude under sim-

ilar geophysical conditions; equinox, solar minimum, magnetically
quiet. (A) Neutral temperaturéB) Meridional neutral winds. Posi-
tive values indicate northward wind&) Zonal neutral winds. Pos-
itive values indicate eastward wind¢D) FPI intensity. Left-side
ionosphere than during October 1996 solar minimum condi-axis denotes FPI intensity. Right-side axis denotes Rayleighs.
tions where the averagedd7=99.7.

The MBW and PMBW events, present in the averaged . . o .
scan, are labeled and linear fits to the data are indicate<?Olar flux, gravity waves, and magnetic activity, in addition
by the black lines. The appearances of the PMBW and® other spontaneous sources.

MBWs in Fig. 4 point to the persistence of these airglow 3.2 EPI measurements

features throughout the data sets. The PMBW'’s location

is confined to the latitudinal range between the anomalyrp| measurements of neutral temperature, meridional and
crest and the geomagnetic equatetl{® S geographic lat-  zonal winds, and the intensity of 6380emissions were
itude). This composite image provides the first observa-taken from Arequipa during the October 1996 imaging oper-
tions of the MBW's complete propagation path from®%  ation period. The averages of these neutral parameters over
through 39 S in the American sector. Where Fig. 3 indi- the October 1996 operation period are plotted in Fig. 5. A
cated that the MTM occurrences can affect the mid-latitudepin size of 0.5h was used in the averaging. The MTM and
thermosphere-ionosphere system, the averaged results shgw neutral parameter signatures are clearly identifiable. Fig-
that this is a routine occurrence. ure 5A shows a significant temperature enhancement of ap-

Even though the Tucuman and El Leoncito fields of view proximately 200 K between 00:00-02:00 LT which is cor-
overlap considerably, there is an approximately 45-min shiftrelated with a poleward increase in the meridional winds
in the average MBW occurrence time in the composite(Fig. 5B). These neutral wind and temperature modifications
meridional scan. This is most likely due to the difference coincide with the appearance of the MBW between 01:00—
in the sampled time periods; however, these results also sud3:00 LT in the averaged observations in Fig. 4. This cor-
gest possible solar cycle dependencies in the MBW occurselation is consistent with previous studies by Colerico et
rence. Brief mention of a proposed relationship between thal. (1996). FPI intensity is an indicator of 638@Emissions.
MTM and solar flux occurred in Herrero et al. (1983) which The MBW's passage is also observed in the FPI intensity
investigated latitude variations in the MTM using data from plotted in Fig. 5D. The peak in the FPI intensity associated
the AE-E seasonal temperatures maps discussed by Herremith the MBW occurs at approximately 00:30 LT and is la-
and Spencer (1982). The authors stated that although theteeled.
was not enough data to characterize the sources of the neutral The averaged zonal winds plotted in Fig. 5C exhibit a
temperature variations, it should carry some dependence oreversal of the typically eastward direction to westward

www.ann-geophys.net/24/503/2006/ Ann. Geophys., 24, 5032006
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between 00:30 LT-2:00 LT. The reversal is also correlated In this section, the Fesen et al. (2002) TIEGCM simu-
with the passage of the MBW, and the minimum is labeledlations of ion temperature (), electron temperature §£J,
“MBW" in the figure. This is in agreement with Herrero et neutral temperature (J, electron density (B), atomic oxy-
al. (1985) which reported on MTM induced abatements inthegen (O, molecular oxygen (@, and molecular nitrogen
normally eastward zonal winds as observed by the Dynam{N) will be used as inputs to the airglow code described
ics Explorer-2 (DE-2) satellite. Zonal winds near the equatorby Mendillo et al. (1993) and Semeter et al. (1996) in or-
can be locally influenced by ion-drag and the zonal compo-der to model 6304\ airglow emissions in the equatorial re-
nent of the pressure gradient. Herrero et al. (1985) foundgion of the American sector. The goal is to simulate PMBW
that a significant pressure increase near midnight such as trend MBW events observed in the averaged GZ%Qﬂrglow
MPB which accompanies the MTM could result in a zonal observations (Fig. 4). The geophysical conditions for our
wind reversal from eastward to westward. modeling study were similar to those for the October 1996
The PMBW's occurrence in the averaged airglow obser-Arequipa and Tucuman data sets: equinox, solar minimum
vations is also observed in the FPI intensity measurementéF10.7=75), and magnetically quieti(,=1). TIEGCM sim-
between 21:00 LT—22:30 LT. Its peak is labeled “PMBW?”. ulations at 73W longitude were used in our modeling study.
The PMBW's detection in FPI intensity measurements is notThe 75 W longitude meridian is the closest model grid point
correlated with a temperature enhancement or a meridiondP the location of the imaging stations and thus provides
wind modification. Colerico et al. (1996) reported patterns the best comparison to the airglow observations presented in
in meridional wind and temperature during October 1994Fig. 4.
PMBW events which were similar to those observed during The airglow code employs the chemical reactions needed
MBW events, suggesting that the MTM’s generation mech-to produce the 6308 airglow emission which are
anism may be responsible for both phenomena. Questions ks
concerning the PMBW’s origins will be addressed later in Oz + ot = Oj +0 (4)

the modeling sector of this paper.
Oy +& —» 0+0* (5)

. The excited oxygen, Q can be in one of two states(¥D,)
4 MTM and 6300A airglow modeling or 0(1Sp), depending on its energy. When¥D,) transi-
tions into the @3P,) state, a 6308 photon is emitted. The
Attempts at modeling the MTM using a physics based modeltransition from @'Sp) to O(1D5) yields a 557A photon and
began with the National Center for Atmospheric Researcha secondary transition from@&D,) to O(3P,) produces an-
(NCAR) Thermosphere General Circulation Model (TGCM) other small source of 6300 photons. The 6308 airglow
described by Dickenson et al. (1981). Even with the inclu-emission was calculated by integrating the 6800olume
sion of ion-neutral momentum coupling and solar forcing, emission rate over an altitude range of 100-430 km. This al-
these modeling efforts proved unsuccessful until the addititude range is determined by the upper and lower altitude
tion of the interactions between upward propagating lowerboundaries of the TIEGCM. The equation for the volume
atmospheric tides and semi-diurnal tides generated in-situ iremission rate is given by
the thermosphere resulting from ion-neutral momentum cou- 1
pling as well as solar heating (Fesen et al., 1986). This is inl763oo= (A6300 (F("D)) (k3) (O2) (Ne) (6)
agreement with the Mayr et al. (1979) theory that the MTM is Aip + quench
tidal in origin. The TIEGCM is a revised version of TGCM. . . . . - o
It is a self-consistent, first principles model which solves where '%3001'5 the Einstein transition coefficient for 6380
the nonlinear, time-dependent equations of hydrodynamicsem'ss'on’ { D_) IS the quantum yield of GD) for rea<_:t|0n
thermodynamics, electrodynamics, and continuity for theEq'_ ©) and g is its ion temperature dependent reaction rate;
coupled thermosphere-ionosphere system (Richmond et alp2 |s_the molecu_lar oxyglen co.nceqtratlorb_is_i the eIe(_:tr_on
1992). The electrodynamical component includes the calcu-dens'ty’ and AD IS the QD) Emste_ln transition coef_f|C|ent
lation of dynamo electric fields and currents along with theirfor photon emission. The model includes quenching from
feedback into the neutral atmosphere and ionosphere. TigdPur sources: el_ectrons, atomic 0“><ygen, T_olecu_lar oxygen
waves excited in the lower atmosphere are simulated in thégmd molecular nitrogen. The term “quench” is defined as
model through the oscillation of its lower boundary at an al-
titude of 97 km. The state-of-the-art version of TIEGCM for quenchalz) (N2)+(a0) (02 +(@O O +@Ne (Ne) - (7)
low latitudes described by Fesen et al. (2002) simulates thevhere gy, g0y, qO, and gN are the associated quenching
MTM through the inclusion of upward propagating semidi- coefficients and B N2, Oz, and O are the concentrations
urnal tidal modes that have been tuned to mimic wind obserprovided by TIEGCM. Values for the individual parameters
vations made by the Upper Atmospheric Research Satellit@re given in Table 1. Further explaination of these prarmeters
(UARS). is given by Semeter et al. (1996).
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Table 1. FES airglow model parameters.

A6300 0.00585 s1 Baluja and Zeippen (1988)
A1y 0.0077 s1 Baluja and Zeippen (1988)
fdD) 1.19 Semeter et al. (1996)
3000 _ 3000
k3 3.23x10-1283 72 1) -187(%F?) cmd/s  Chenetal. (1978)
1

aNe 81x10712(5585) 2 om/s Link (1982)

1078 .
Ny 2.0x10 1™ cmd/s Streit et al. (1976)

67.5
a0 2.9x10 e cmd/s Streit et al. (1976)
qo 80x10712 cmd/s Abreu et al. (1983)

Figure 6 presents the results of the 6§0@irglow simula-
tion. The format is the same as that used in a meridional *
intensity scan but encompasses a larger latitude range be
tween+42.5. The simulation was successful in reproducing
the PMBW event observed in Fig. 4. The observations and:
modeling results are in good agreement for magnitude ancg
latitudinal range. At 17.5S latitude the magnitude of the =
observed and modeled PMBWs were 83 and 67 Rayleighs
respectively. In general, a PMBW occurrence spans the lati- 8 - R -
tude range between the Appleton anomaly crest and the mag- ocaTime
netic equator. In the simulation, this range is approximately .

2% S—-1P S geographic latitude. In the averaged observa-Fig. 6. Modeled 630@\ airglow. The dashed line indicates the lo-
tions shown in Fig. 4, the full extent of the PMBW event cation of the geomagnetic equator. The PMBW event and its equa-
through the southern edge of the anomaly crest is unknowrerward propagation are illustrated by the black line. Note of the
due to inclement weather conditions at Tucuman. However/ack of an MBW eventin the results.
the averaged latitudinal range of the PMBW is at least22

to 10 S. The additional averaged EIl Leoncito observations

for April 2000 indicate that during April 2000 the anomaly  Additional TIEGCM output parameters were examined to
crest was between 3G to 28 S. PMBW events during the  gain insight into PMBW production. Figure 7 presents the
April 2000 time period would, on average, extend betweenmodel results for vertical plasma drifts (A), the maximum
30°S and 11 S, in agreement with the modeling results. glectron density at the F-region peakmdl (B), and the
The apparent propagation velocity of the modeled PMBW isheight of the electron density peakydx (C). The magnetic
slower than observed, as indicated by the slope of the propagquator is indicated by the solid black line. Together, these
gation path. three parameters paint a complete picture of the electrody-
The dashed lines in Fig. 5 plot TIEGCM simulated val- namics in play in the model when the PMBW was produced.
ues at 17.5S latitude at an altitude of 300 km. The latitude The typical electrodynamics related to the fountain effect
grid point was selected for comparison since it is the closeshre clearly represented. At local noon the vertical plasma
model grid point to that of Arequipa. The peak brightness of rifts (A) show stronger upward values at the magnetic equa-
the modeled PMBW occurs at 23:15 LT (Fig. 5D), approxi- tor than at higher latitudes, moving plasma to higher alti-
mately two hours later than in the airglow observations. Attydes at the magnetic equator until gravity dominates and the
this time, other modeled parameters showed no evidence qlasma diffuses down the field lines to higher latitudes. This
a neutral temperature enhancement or poleward wind modiresyits in the formation of the anomaly crests which can be
fication suggestive of a common generation mechanism withseen in Nyax (B). The anomaly crests are observed between
the MTM. The averaged FPI measurements confirm the abgg:00 LT and 22:00 LT. The peak densities of the crests oc-
sence of such wind and temperature modification during thesyr near 16:00 LT, centered about the geomagnetic equator at
PMBW's passage. approximately 10N and 30 S geographic latitude. A strong
pre-reversal enhancement in the vertical plasma drifts occurs

Modeled 6300 A Airglow

Rayleighs
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recombination of plasma at low latitudes than that at the mag-
netic equator, thus producing enhanced 680€missions
sooner at latitudes poleward of the magnetic equator.

To test the dependence of the airglow feature on electro-
dynamics, a model run was conducted with the pre-reversal
enhancement suppressed. Fesen et al. (2002) reported that
the strength of the pre-reversal enhancement within the
TIEGCM was affected by the electron density specifica-
tion near the model's lower boundary. The authors found
that electron density values of 1500Tfat the model's
lower boundary produced a pre-reversal enhancement simi-
lar to that observed in the Fejer et al. (1991) seasonally aver-
aged Jicmarca incoherent scatter rader vertical drift measure-
ments. Electron density values nearer 7500 ¢mappeared
to suppress the ocurrence of the pre-reversal enhancement.
The model results, shown in Fig. 8A, clearly illustrate that
without the pre-reversal enhancement the PMBW does not
form. TIEGCM produces an MTM through upward propa-

I gating semi-diurnal tides from the lower atmosphere which
" in turn interact with in-situ semi-diurnal tides excited by ion-

L neutral momentum coupling and solar forcing in the ther-

, > = ‘_ mosphere. To confirm that the PMBW and the MTM do
R . ot e not share the same generation mechanism, separate model
& i TG Mocreg h o calculations were done with the pre-reversal enhancement
o NN included and the upward propagation of the semi-diurnal
tides from the lower atmosphere suppressed. The outcome
is shown in Fig. 8B. Notice that even with the absence of
the upward propagating tides, the PMBW is still reproduced.
[ £ 20/ In summary, under October 1996 solar minimum, magnet-
ically quiet, equinox conditions, the PMBW reproduced in
- the model is simply a 6308 airglow signature of the decay

L of the intertropical arcs due to the reversal of the equatorial

; fountain effect.
e o W 5 5 = &0 Figure 6 indicates a conjugate PMBW in the magnetic
EEES northern hemisphere. Under magnetically quiet conditions,
the intertropical arcs form at approximately symmetric loca-
Fig. 7. TIEGCM modeled results for vertical drifts at 300 ki), tions about the magnetic equator nes20° magnetic lati-
Nmax (B), and hnax (C). The solid black line indicates the position tude. As such, we would expect to observe PMBW events
of the geomagnetic equator. related to the decay of the intertropical arcs in both hemi-
spheres as illustrated in the Fig. 6 modeling results. To date,
conjugate PMBW events have not yet been observed in the
at 19:00 LT just south of the magnetic equator. Afterward, magnetic northern hemisphere of the American sector pri-
between 21:00-22:00 LT, when the fountain effect is re-marily due to the lack of all-sky imager coverage at these
versed and the crests of the anomaly decay, there are slightlatitudes.
smaller downward drifts at the magnetic equaterb m/s) In examining Fig. 6, we can see that the modeling effort
than at low latitudes in the Southern Hemisphere10m/s).  was unsuccessful in reproducing the MBW feature promi-
This slight difference in the downward drift becomes impor- nent in the averaged 63@Oairglow data in Fig. 4. As afinal
tant in PMBW formation. The plasma at more poleward lat- point, we now examine other TIEGCM modeled parameters
itudes drifts down to lower altitudes, recombines, and pro-in order to determine the reason for the discrepancy between
duces 630@ emissions sooner than plasma nearer the magthe model and observations. The modeled neutral tempera-
netic equator. This is also evidenced jph At the time this  tures, shown in Fig. 9, illustrate a weak MTM feature cen-
process occursfuxis lower at more poleward latitudes than tered approximately on the geographic equator at 03:00 LT.
at the magnetic equator. This mechanism coincides with théhis occurrence time is inconsistent with previous obser-
formation of the PMBW in the modeled results. Thus, the vational studies demonstrating that the MTM forms nearer
modeled PMBW feature results from the earlier dissociativeto midnight (Herrero and Spencer, 1982; Bamgboye and

(A

Geographic Latitude

(B) Local Time
TIEGCM Modeled N...
7 18.0

13.6

Geographic Latitude
x10°% em™@
w
23

Geographic Latitude
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(A) TIEGGM Modeled 6300 A No Dynamics
| Y3

20

Geographic Latitude

Geographic Latitude

-20

Fig. 9. TIEGCM modeled neutral temperature. A weak MTM fea-

08 2 6 20 24 0
| ! ' Local Time ) ture can be seen approximately centered on the geographic equator
| -[ L] 1 . near 03:00 LT. The dashed line indicates the location of the geo-
Rayleighs magnetic equator.

TIEGCM Modeled 6300 A No Tides

at the equator via a combination of lower atmospheric semi-
diurnal tidal modes (Fesen et al., 1986, 2002), it was not able
to reproduce basic observed properties such as amplitude and
latitudinal structure. This suggests the additional tidal modes
or processes may contribute to the MTM’s overall develop-
ment. Mayr et al. (1979) conducted a Fourier analysis of neu-
tral temperature measurements taken by the Neutral Atmo-
sphere Temperature Experiment (NATE) instrument aboard
/¥ the AE-E satellite. The authors reported that even though
oI ke the semi-diurnal component of lower atmospheric tides plays
a dominant role in the formation of the MTM, other tidal
Fig. 8. (A) Modeled 630G emissions with TIEGCM without the modes warranted examination. Their analysis indicated that
inclusion of the pre-reversal enhancemefB) Modeled 630G observed temperature variations related to the MTM could
emissions without the inclusion of upward propagating tides within be basically described with the first three tidal modes and
TIEGCM. The PMBW and its equatorward propagation are indi- mgre accurately with the inclusion of the fourth and fifth
cated by the _splid black line. In both panels, the dashed line indi-qdes. Herrero et al. (1983) also conducted a tidal analysis
cates the position of the geomagnetic equator. of NATE temperature data in order to explain the MTM's lat-
itudinal (seasonal) structure. The authors determined that ob-
) ] _served latitudinal (seasonal) variations were due to the semi-
McClure, 1982; Colerico etal., 1996; Colerico and Mendillo, gjmal and terdiurnal components of the lower atmospheric
2002; Faivre et al., 2005). The averaged FPI temperaturegqes These two earlier investigations suggest that higher or-
indicated that the MTM developed near midnight, betweenger tigal modes, which may not be well represented within

00:00-01:30 LT. In comparing the FPI neutral temperaturey,q TIEGCM, may play a small but significant role in the
measurements correlated with the observed MBW feature Q1 TM’s overall development.

TIEGCM values at 175S (Fig. 5A), we can see that while

the FPI data exhibit a strong 200 K enhancement during the

MBW'’s passage the model produced only a 30K enhances conclusions

ment. Colerico et al. (1996) reported temperature enhance-

ments as large as 100-150K on individual evenings duringVe have presented the first evidence of MTM/MBW prop-

MBW events. In Fig. 5B, we see that there is no polewardagation from the geographic equator into mid-latitudes past

reversal/abatement in the modeled meridional winds accom39° S. This suggests that significant low-to-mid latitude cou-

panying the weak temperature enhancement. The lack opling of the thermosphere-ionosphere system exists during

a modeled MBW feature, as well as the absence of MTMMTM events due to the closely coupled nature of its fun-

related neutral wind effects, suggests the magnitude of thelamental parameters. Averaged FPI measurements taken at

modeled MTM like feature was not strong enough to causeArequipa during October 1996 indicate the occurrence of an

the modifications in the meridional winds needed to produceMTM having a magnitude of approximately 200 K accom-

the MBW. panied by a poleward increase in the meridional winds on
While the TIEGCM simulations implemented in the mod- the order of 80 m/s. These features are correlated with the

eling study successfully generated a general MTM featurepassage of an MBW in the October 1996 monthly averaged

Geographic Latitude
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6300A emission, reaffirming the relationship between the Behnke, R. A. and Harper, R. M.: Vector measurements of F-region
MTM and the MBW. ion transport at Arecibo, J. Geophys. Res., 78 (34), 8222-8234,

Our airglow modeling efforts were successful in reproduc-  1973. _ _
19 PMBIY event simiarn magnitude, ocalme duration, B 1% ruetier ) 1, For 8 s Sonese 5,
and Iatltqdlnal range to the October 1996 averag_ed PMBW Arequipa, Peru, J. Geophys. Res.. 95, 12 243-12 250, 1990.
observations. The modeled PMBW occurrence time Iaggec]3i

. . R ondi, M. A., Meriwether, J. M., Fejer, B. G., Gonzales, S. A.,
the observations by approximately 1.5h. The examination and Hallenbeck, D. C.: Equatorial thermospheric wind changes

of TIEGCM modeled vertical plasma driftsnfdx, and finax during the solar cycle: Measurements from Arequipa, Peru from
indicate that the PMBW results from the relaxation of the 1983 to 1990, J. Geophys. Res., 96, 15917-15 930, 1991.
intertropical arcs due to the reversal of the fountain effect.Burnside, R. G., Herrero, F. A., Meriwether, J. W., and Walker, J. C.
The results of two additional 63000airglow simulations em- G.: Optical observations of thermospheric dynamics at Arecibo,
ploying TIEGCM, one in which the upward propagating tidal ~ J. Geophys. Res., 86, 5532-5540, 1981.

modes were omitted and the other without the inclusion ofChen, A., Johnsen, R., and Biondi, M. A.: Measurements of the

the pre-reversal enhancement, confirm the PMBW'’s electro- O + N2 and O + O, reaction rates from 300 to 900K, J.
dynamic origins. Chem. Phys., 69, 2688-2691, 1978.

. Colerico, M. J., Mendillo, M., Nottingham, D., Baumgardner, J.,
Efforts to model the MBW phenomenon, employing the Meriwether, J., Mirick, J., Reinisch, B. M., Scali, J. L., Fe-

Fesen et al. (2002) TIEGCM simulations of, Te, Tn, Ne, sen, C. G., and Biondi, M. A.: Coordinated measurements of
O, O, and N in conjunction with the airglow model, proved  E.region dynamics related to the thermospheric midnight tem-
unsuccessful. Examination of model output revealed only a perature maximum. J. Geophys. Res., 101 (A12), 26 783—26 793,
weak MTM-like feature £30K), along with a distinct ab- 1996.

sence of the MTM’s signature poleward modification in the Colerico, M. J. and Mendillo, M.: The current state of investiga-
meridional winds. The occurrence time of the modeled tem- tions regarding the thermospheric midnight temperature maxi-
perature enhancement near 03:00 LT lagged the observations mum (MTM), J. Atmos. S.-P,, 64, 13611369, 2002. _

by approximately 1.5 h. We suggest that the magnitude of thdickinson, R. E., Ridley, E. C., and Roble, R. G.: A three dimen-
modeled MTM was simply too weak to instigate the modifi- sional general circulation model of the thermosphere. J. Geo-
caton n themerdonalvinds needed 0 produce and VW B% e%, 86 OO etz SEL L
Incorporation of higher order tidal modes in TIEGCM at its

i ) matology of the midnight temperature maximum phenomenon at
lower boundary may be necessary in order to accurately sim- Arequipa, Peru, J. Geophys. Res., in press, 2006.

ulate the MTM and its observed characteristics. Fejer, B. G., de Paula, E. R., Gonzalez, S. A., and Woodman, R. F.:
Average vertical and zonal F region plasma drifts over Jicamarca,
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