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Abstract. This letter reports unique observations, illustrat- quiet times are believed to be governed primarily by the dy-
ing the vertical coupling between the daytime mesopause andamical forcings from below, like the tides, gravity and plan-
F-region of the ionosphere over the magnetic dip equatoriaktary waves and their interactions. It has also been shown
station Trivandrum (85N, 76.5 E, 0.5 N dip lat.) in India.  that the aforesaid forcings induce significant changes in the
For the “first time”, it has been shown that the temporal vari- mesopause energetics and dynamics (Smith, 2004). For in-
ations in the mean daytime mesopause temperatures (MPT$tance, Vineeth et al. (2007a) have shown that the lower at-
during geomagnetically quiet days corroborate well with thatmospheric forcing, like the gravity waves and tides, have sig-
of the base height changds §) of the ionospheric F-region. nificant manifestations in the equatorial electrojet. At the
However, there exist some characteristic time delays betweesame time, the mesopause energetics responds to such forc-
these two, which vary from 0 to 90 min. The MPTs are ings in the form of a lowering in the mesopause temperature
measured using the unique Multi-Wavelength Dayglow Pho-simultaneous to the occurrence of counter electrojet (Vineeth
tometer while thei' F's are derived using a co-located dig- et al., 2007b). By now, it is well understood that the inves-
ital lonosonde. The observed time delays are attributed tdigation of the variability in the mesopause region &isis

the intercompeting roles between the diffusion and wave-changes in the ionosphere can lead to a better understand-
dynamical processes in modulating the transport of atomidng of the prevailing atmosphere-ionosphere coupling at any
oxygen at these altitudes. given time.

Keywords. Atmospheric composition and structure (Mid- Recent investigations ofquiet_timg atmosphere/ionosphe're
dle atmosphere — composition and chemistry) — |On0_hav§ reyealed that the modulatlop in the lower 'atmosphe.rlc
sphere (Equatorial ionosphere; lonosphere-atmosphere inteforcing is one of the major contributors to the ionospheric
actions) variability (Abdu et al., 2006; Vineeth et al., 2007a; Pedatella
et al., 2008). The same has been found to be true even dur-
ing specific transient events like the Sudden Stratospheric
Warming (SSW). The impact of SSW, which is essentially
a stratospheric process, has already been reported on vari-
In recent years, the atmosphere-ionosphere coupling halUS atmospheric and ionospherif: parameters like equ_atorial
mesopause temperature, electrojet strength and F-region ver-

emerged as an important area of research globally. Com-.

prehension of the nature of this coupling requires an un_t|cal plasma drift (Chau et al., 2009; Sridharan et al., 2009;

. 7p]
derstanding of various neutral and plasma processes. Agoncharenko etal., 2010, and references therein). 9

is known, the mesopause is a crucial transition region that HOWever, it had been difficult to measure the neutral pa- 8
facilitates the coupling between the neutral dynamics domfameters like the temperature in the mesopause, more so.=
inated atmosphere and the electro-dynamically controlled?uring daytime, due to the relative inaccessibility of this
ionosphere above. In general, the day-to-day variability in"€9ion to the existing ground-based techniques. In recent

this atmosphere-ionosphere system during geomagneticallyars: the ground-based spectro/photometry of specific atmo-
Spheric emissions during both day and nighttime, has enabled ©

measurement/estimation of key parameters representing theQO

Correspondence tol. K. Pant mesopause (e.g., the mesopause temperature) (e.g., Taylor e
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(tarunkumar@vssc.gov.in) al., 2001; Vineeth et al., 2005, and references therein). In this
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context, the unique Multi-Wavelength Dayglow Photometer from the collocated digital ionosonde have been used for rep-
(MWDPM) developed in India had been successfully usedresenting the ionospheric variability.

for making daytime mesopause temperature measurements

over the Indian longitudes in recent years (Sridharan et al.,

1999; Pant et al., 2007; Vineeth et al., 2005). Presently, thiS Observations

dayglow photometer is operated from Trivandrum {85

77 E; dip lat. 0.3 N), India to get the estimate and also the In order to find out the correlation betwekfF and MPT, the

temporal variability of the mesopause temperature over thdemporal evolutions of these parameters for eight different
dip equator. months during the period 2005-2007 are analysed. As men-
Using the measurements from MWDPM and collocatedtioned earlier, only geomagnetically quiet days with clear sky
digital ionosonde, an attempt has been made to investigatél€wing conditions have been considered for the analysis. In
the coupling, if any, between the mesopause and lower Fthis context, each month represents the quiet time mean for
region of the equatorial ionosphere. Interestingly, it has beer@Pout 15 days on an average, the minimum being 13 days
found that, during geomagnetically quiet days, the time evo-2nd the maximum being 17 days. The exact time delays for
lution of the mean daytime mesopause temperature (MPT$ach month have been estimated by carrying out the cross-
significantly corroborates with that of the simultaneously correlation analysis. It was found that the time delays exhibit
measured mean bottomside ionospheric heighF, but month-to-month variability. The results of this analysis for
with varying time delays. The present paper aims at reportdifferent months are depicted in Figs. 1 and 2. The red lines

ing these first observations and exploring plausible physicarepresent the time variation of the meili for the months
mechanisms for explaining the same. mentioned in the panels, and the black lines the time shifted

MPT. The scales of both MPT aridF are kept varying for

different months, primarily to highlight the variability. The
2 Experiments standard deviations (vertical bars), time delays (TD) and the

correlation coefficients-§ for each month are marked in each
The daytime mesopause temperatures were estimated uganel. The positive time delay means that #he precedes
ing the OH Meinel (8-3) band dayglow intensities of rota- the MPT.
tional lines at 731.6 and 740.2nm using the ratio method As evident from the figures, the correlation betwééeR
described by Meriwether (1975). The OH intensity mea-and MPT are striking/(> 0.6) with a 90% confidence level
surements were made using the MWDPM over Trivandrumfor all the months. The correlation coefficient was found
(8.5°N, 76.5 E, 0.5 N dip lat.), a geomagnetic dip equato- to be maximum during February 2006+ 0.72) and min-
rial station in India. The characteristics of the photometerimum during April 2006 £ = 0.57). As a result of the cross-
and data analysis procedure had been published elsewhegorrelation analysis, significant positive time delays were
(Sridharan et al., 1999). The measurements have alreadipund for almost all months which are mentioned in each
been validated/compared with the in situ WINDII satellite panel in Figs. 1 and 2, except for April 2006 when the time
measured temperature and also collocated meteor radar medelay found was negative. Interestingly, during February
sured temperature in the Indian region (Vineeth et al., 20052006 (Fig. 1d), the cross-correlation analysis revealed no ap-
and references therein). It has been found that the tempergreciable time delay between theF and the MPT, nonethe-
tures measured, using the aforementioned techniques, agrégss the correlation coefficient was found to be 0.72.
very well (within £20 K) with each other with all the vari- It can be seen in Figs. 1 and 2 that the mean MPT and
ability coming out fairly well. The measurements at every h'F exhibit short period 30 min) modulations prevailing
~7 min intervals typically span-7-8 h during daytime be- almost all the months, overriding an overall daytime trend.
tween 09:00 to 17:00 h for the zenith sky. For the presentAs is seen in the figures, these trends are quite significant.
study, the MWDPM observations of magnetically quiet days However, most of these modulations are small and less sig-
(Ap < 7) for the period 2005-2007 are considered, Ap be-nificant. It must be mentioned that even these modulations
ing the index representing the planetary level of geomagnetién MPT and#’F correlate very well. At the same time, the
disturbance. Only those days when we have continuous obroontime variability seen during May 2005 and March 2007
servations of at least five hours, are included here. It musis significant as is evident from the involved standard devia-
be mentioned here that Trivandrum being a tropical stationfions.
the optical measurements, like the present one, have limita- However, it must be mentioned here that the origin of this
tions due to poor sky conditions. Hence, only those monthsstudy is based on our observations which show that there
which have the maximum number of observations during theare days when the daytime mesopause temperature variabil-
magnetically quiet periods and cloud-free conditions duringity correlates very well with the ionospheric changes after a
the period 2005-2007 are chosen for the present investigaime-delay. At the same time, we have observations when
tion. Simultaneous measurements on the F-region heighho such significant correlations are observed. These corre-
variations ' F) as scaled from the quarter hourly ionograms lations (or absence of significant correlations on some days)
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Fig. 1. Time variation of monthly mean’F variations and time Fig. 2. Same as Fig. 1, but for different months during the years
delayed equatorial mesopause temperature (MPT) along with thel5006—2007

standard deviations (SD) for different months during the years

2005-2006. The corresponding time delays (TD) and correlation

coefficients £) are also shown in each panel. ) )
4 Results and discussion

The observations showing the corroboration between the
are due to the upward propagating waves which modulat?MPT andh’F are very interesting. Typically, thi& F over
the measurements pertaining to both the mesopause and tAeivandrum exhibits a decreasing trend from morning until
ionosphere depending upon the prevailing background connoon and it gradually increases thereafter. During the morn-
ditions in the mesosphere-thermosphere-ionosphere regiorng hours, as the production of ionized species starts, the bot-
On an average, 5 days in a month exhibit such uncorrelatetbm side F-region gradually gets filled up which continues up
behaviours. However, these days are also included in théo noon. This manifests as the lowering/of in the morn-
present analysis. The reason behind taking the monthly aving hours. The converse happens in the evening hours i.e.,
erage is to avoid the contribution from gravity waves. The as production decreases, bottomside density also decreases
rationale was that the variability due to short-peried2¢ due to the increased recombination. This is observed as a
3 h) waves will cancel out due to the averaging. As a consefapid excursion in thé'F in the evening hours. The other
quence, there should not be any correlations seen in the avedrivers, like wind or electric field, have a profound role in
aged trends of the mesopause temperature and ionospheitausing variability in this typical behaviour éf F, other
height variability. On the contrary, as mentioned, we ob-than the aforementioned variation due to the photochemistry.
served a much improved correlation between the two, clearlyOver the dip equator, while the winds redistribute the ioniza-
indicating that the cause of these correlated mesopause aribn through horizontal transport, the electric field induces
ionospheric variability is not gravity wave induced. changes through vertical motion of ionization. During the
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evening hours, thé’F may also show a sudden increase ization) which in turn manifests as a change (increase) in the
in height associated with the phenomenon of Pre-Reversalionosphere base heighit’ ) as observed using the ground-
Enhancement (PRE). On the other hand, the MPT showdased ionosonde. At the mesopause, this downward diffu-
considerable variability during the day, as it is controlled by sion of [O] creates ozone maximum through three body re-
many forcings like gravity waves, tides and planetary wavescombination and subsequently increases the mesopause tem-
and OH layer movement in addition to the chemistry andperature through exothermic OH chemistry (Mlynczak and
other transport processes, which are interdependent. Since2olomon, 1993). In this process, there would be a time de-
very good correlation-(> 0.60) exists in the monthly mean lay involved between thé’ F changes and the MPT modu-
trends of these parameters, one can attribute these to tHations. While such a mechanism is plausible and consistent
changes in the background variability which is not inducedwith the time-delays in the lower F-region, we realize that
by the short period wave dynamics. At the same time, somehe time constants associated with such a transport process
of the MPT changes can be caused primarily by the OH layeibetween the bottomside F-region and mesopause in terms of
movement. However, in the light of the above discussion,molecular diffusion would be very large and is of the or-
such modulations in MPT would lead to poor correlation der of hours to days (Garcia and Soloman, 1985). How-
with the variability inA’F. In this context, we conjecture ever, one factor which can help in the fast transport of [O] to
that the vertical transport of the chemical species induced byhe mesopause is the location of the turbopause. Below the
the photochemistry at these altitudes is responsible for theurbopause altitude, which is typically aroun®0-120 km
observed coupling between the equatorial mesopause and FPanilov and Kalgin, 1996; Offermann et al., 2007), the time
region of the ionosphere. scales of molecular diffusion are very large as mentioned
Itis known that during daytime the bottomside of the iono- above (Garcia and Soloman, 1985). Nevertheless, the eddy
sphere (130-200 km) is “photochemically” governed, wherediffusion of the air parcels, of which vertical scale sizes are
photo dissociation of molecular oxygen in the Schumann-large, can create thorough mixing of species like atomic oxy-
Runge continuum (135-175nm) leads to the generation ofyen down to the mesopause. Apart from these, it must be
atomic oxygen, which in turn leads to the formation of ion- kept in mind that thé’ F measurements described here cor-
ization. At the same time, the ionization loss processes areespond to the virtual height. The real heights will corre-
mainly controlled by the molecular Nitrogen through chem- spond to about 20—30 km lower than the virtual heights.
istry. As a result, the ratio [O]/[} at any time is taken as a In view of the above, we believe that the downward trans-
measure of the net ionization in the lower F-region (Forbes port of [O] from bottomside F-region to the turbopause is
2007). Therefore, the modulations of ther, specifically  facilitated through the molecular diffusion and below eddy
during daytime, are taken to be the direct indicator of the ra-diffusion. Such a scenario can only create perturbations in
tio [O)/[N2] in the bottomside ionosphere, since these mea-MPT within the limits of the time delays observed here.
surements are actually the representative of the group retaffhough the importance of eddy diffusion at lower thermo-
dation of the radio waves due to the presence of in situ gensphere altitudes (90-130km) had been reiterated in litera-
erated ionization. ture, it is largely uncertaink ~ 45-90 n¥s~1) and impor-
Since, the molecular diffusion coefficient grows rapidly tant to compute it correctly (Rishbeth et al., 2009). In view
with decreasing pressure and increasing temperature in theof this uncertainty in the eddy diffusion coefficier), the
mosphere, its net effect in the lower thermosphere is alwaygddy diffusion time scale which is H2/K, H being the
to increase the mixing ratio of [O]. As a consequence, in thescale height, can vary from 1 day to a few hours. Eddy dif-
lower thermosphere, there is always a significant downwardusion plays a large part in controlling the neutral gas com-
diffusion of atomic oxygen (Smith, 2004). A part of this position — in particular the [O]/[} ratio — by influencing
[O] diffuses into mesopause altitudes from its source regionthe vertical motions (upwelling and down welling) of the
above. Near the mesopause, atomic oxygen has a mixingeutral air. Increasing the eddy diffusion coefficient causes
ratio that reaches 1@. The chemical lifetime for atomic more [O] to be transported downward and moreugward,
oxygen increases with increasing altitude reaching 24 h neathereby decreasing the ratio of [O] to {N(Rishbeth et al.,
85km. As a result, below this altitude the [O] concentra- 2009). The transport processes induced by these turbulent
tion has a strong diurnal variation, whereas above it, pri-motions produce fluxes of minor atmospheric constituents,
marily the dynamics, rather than the chemistry, induces vari-heat and momentum and influence the atmospheric proper-
ability in the profile (Russell and Lowe, 2003). Recent re- ties at and above these altitudes (Danilov and Kalgin, 1996).
sults from SABER measurements showed that near the equdecently, Kelley et al. (2009) proposed a two-dimension tur-
tor there exists a large diurnal variation of atomic oxygen atbulence mechanism to explain the transport of energy to large
mesopause altitudes, ranging from a factor of 2 to more tharscales in the lower thermosphere. They suggested that the
a factor of 10 (Smith et al., 2010). molecular diffusion is too slow to account for the spreading
In this backdrop, it is suggested that during daytime theof plumes as observed by them and concluded that the diffu-
downward motion of [O] in the ionosphere reduces [O}[N sion is inadequate because they neglected faster vertical flow
ratio at F-region altitudes (i.e., net F-region bottomside ion-that allows H atoms to spread out rapidly at higher altitudes
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where the atmosphere is thinner. In fact, the observations byetically quiet days. The overall correlation between MPT
Meier et al. (2010) reveal that atomic hydrogen, and by in-andh’ F variations clearly reveals a strong coupling between
ference water vapour can transport over hemispherical-scalthe mesopause and bottom side F-region through [O]. The
distances with speeds much faster than expected from modetlownward transport of atomic oxygen from thermosphere
of thermospheric wind motions. In addition to this, processesto mesopause through molecular diffusion and subsequent
such as heating of the upper mesosphere/lower thermospheegldy mixing is proposed to be the plausible mechanism for
as well as upwelling can carryJNich air to higher altitudes.  the increase in both’ F and MPT through chemistry and
This can also modulate the diffusive equilibrium state of the subsequent dynamics. The observed time delay is attributed
thermosphere, thereby influencing the [OF[Natio espe-  to the time taken in the downward transport of atomic oxy-
cially in the lower ionosphere (Forbes, 2007). gen from the thermosphere to turbopause and thereafter to

Furthermore, we understand that the height variation ofthe mesopause through eddy mixing causing the exother-
turbopause as well as the upward dynamical forcing likemic chemical heating therein. The negative time delay ob-
waves and tides would have a profound role in altering timeserved during April 2006 is conjectured to be due to en-
scales of downward molecular diffusion/eddy mixing. The hanced tidal/wave activity, which needs further investigation.
upward propagating waves and tides which have large vertiNonetheless, these observations are new and have significant
cal and horizontal velocity lead to advective transport of [O], implications in the understanding of the vertical coupling in
thereby making its downward diffusion a slower process. Itthe equatorial atmosphere-ionosphere system.
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