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Abstract. This paper presents measurement of daytime~10km. The major source of Na in the MLT region is the
Sodium (Na) airglow emissions at 589.6 nm wavelengthsporadic meteoroid ablation, although upward transport of
using a ground based 1-m scanning monochromator fronwater vapour from oceans is also considered as the other im-
Trivandrum (8.8N, 77 E, 0.3 N dip latitude), a near- portant source (Khomich et al., 2008). Meteoroid ablation
equatorial station in India. The Na emission intensity ex- occurs because of their very high entry velocities leading
hibits significant temporal variability within a day and from to rapid heating by collision with the air molecules. The
one day to another. The Na intensity has been compared witfrictional heating of the meteoroid is balanced by radiative
the daytime OH airglow intensity at 731.6 nm simultaneouslylosses, and by absorption of the heat energy through their
measured using the unique Multiwavelength Dayglow Pho-temperature increase, melting, phase transitions and vapor-
tometer (MWDPM). The temporal variabilities of the Na and ization (Plane, 2004).

OH intensities corroborate each other in most of the occa- Above the atomic Na layer around 90 km, ion chemistry
sions without any appreciable time delay, although a smallpredominates. Na atoms are ionized mainly by charge trans-
time delay up to~10 min has been observed at times. It ap- fer with the ambient NO and q although a small contri-
pears that the variability of daytime Na emissions is influ- bution comes from the solar photo-ionization. ™Nis then
enced too by the photo-chemical excitations. The observedieutralized by N to form the clusters, which undergo disso-
similarities in the Na and OH intensities are believed to beciative electron recombination and converts back to atomic
due to the similar roles played by [O] ang On their photo-  Na (Plane, 2004). Below the atomic Na layer, Na converts
chemical excitations) and the dynamics occurring at abouinto stable reservoir of NaHCthrough a sequence of re-
the same altitude regiomQ0km). It has also been found actions. First, the in-situ generated Oxidizes Na atom to
that the gravity waves play significant role in producing the form NaO, which in the presence of water vapor or hydro-
short-scale oscillations in these emissions. gen forms NaOH. The NaOH combines with €@ form
NaHCGQ;. The species, such as NaO, NaOH and NaklCO
are converted back to Na through the reactions with O and
H, and also by photolysis. Obviously the gas-phase metallic
Na chemistry is closed, that is, all the constituent species cy-
cle between each other, and no species provide a permanent
] sink for Na in the upper mesosphere (Plane, 2004).

1 Introduction In the MLT region, above and below the atomic Na layer

sodium exists respectively in the form of ions (such ag Na

Earthsatmo_sphe_re is known to have several metalhc_vapouNaN;r cluster, NaO etc.) and chemical compound (such
layers, the first discovered among them was of sodium by

L . table NaHC§ NaO etc.), which d t emit light.
Vesto Melvin Slipher (1929). The neutral atomic Na layer as stable NaHC® NaO etc.), which do not emit lig

occurs globally in the upper mesosphere/lowerthermospherérhe neutral Na atoms that have large resonance scattering
. . . . ross sections yield the daytime airglow emissions mainl
(MLT) region at an altitude~90 km and it has a thickness 4 Y g y

through resonance scattering, although photochemistry may
have some contribution. The well-known chemical scheme

Correspondence tavl. M. Hossain responsible for excitations of Na atoms is as follows (Chap-
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O+ 0O2(+M) — Oz3(+M) (2) monochromator employs an image transfer system, which

comprises of aspheric collimating and focusing mirrors, and
Na+ O3z — NaO+ O (2) axial entrance/exit slits. A photo-multiplier tube (PMT) with
NaO+ O — Na*(2P) + O, A3) multi alkali cathode is used as the detector.

) 5 As mentioned in the previous section, this study is car-
Na*(“P) — Na(“S)+hv  (589.0 and 589.6 nm) (4)  ried out from Trivandrum, India. Day light from zenith is al-
lowed and guided through the reflecting optics of the system

where "M” denotes a third body, usuallyNnolecule or O to properly fill the acceptance cone of the monochromator
atom. It is obvious from the above reactions that the photo- broperly P '

chemistry can also control the daytime excitations of NaWhiCh has an effectiveoaperture Ofo F/8.7. The solar Eraun-
y yame hoffer D-lines (at 589@ and 5896A) separated by~6A
atoms and hence, the Na dayglow emissions. e

Daytime ground based measurement of sodium airgloware located and measured by scannifthA in the above

emissions is particularly difficult to perform. Because, in- mentioned wavelength region (Fig. 1a). The absorption

. . ; o line (5896A) as shown in Fig. 1b is chosen for the present
tensity of the light available for resonant excitation of Na S s
. . o . . study. Near the bottom of Dabsorption line an emission
atoms is considerably less. This is obvious from its pres-

like feature is noticed at every scan. Subtraction of the in-
ence near the bottom of the very pronounced solar Fraun:

hofer absorption D line. Removal of Rayleigh and Mie scat- tensity value at the wing of this feature from that at the peak

tered unwanted background light is also difficult. Hence thegives an estimate that is proportional to the intensity of this
problem is to detect and measure the intensity. of an emis_emission like feature. To show that this feature is the Na air-

sion line near the bottom of that absorption line, where thegIOW emission, regular scans are performed af[ every 15min

o o . . on a clear cloud-free day and the above mentioned subtrac-
emission line intensity is at most equal to that of the resid-. " . .

. ) tion is repeated at every scan. The subtracted intensity values

ual scattered light and both combined are only one-tenth as

strong as the nearby continuum (Blamont, 1961). Besides © plotted with t|r_ne as shown in Fig. 2'. I__ater on, for regulqr
. T : . fdaytime observations, wavelength position of the grating is
the sodium emission lines are in the close neighbourhood

with the 5889k 58944 58954 and 5901 lines of the OH Tocked at 5896 and the temporal variation of the Na inten-
. - ' i . . sity is measured through out the day.
(8-2) band (Yarin et al, 1962a; Takahashi et al,, 1981; She The MWDPM, which uses interference filter as the wave-

fov and Piterskaya, 1984). This gives rise to difficulties in th selector i ble of maki imult
photometric measurements using narrow-band interferenc!aeng Seleclor1s capable of making near simuftaneous mea-
urements of daytime airglow emissions at three different

filters. Hence, it requires specialized techniques to measurgd o 3 o .
the Na airglow emission intensities with significant signal- wavelengths (7318, 74024, and 63001). The OH airglow

to-noise ratio after elimination of solar background as well emissions at 731'6 are used for comparing the Na airglow
as the neighbouring OH lines. emissions obtained using the present spectrometer. The tech-
There are many reports involving study of nighttime nical details of the MWDPM have been described elsewhere

ground based Na airglow emissions (Clemesha et al., 1978(,Srldharan etal., 1998).
1979, 1995; Kirchhoff et al., 1979; Sarkhel et al., 2009).

However, there exist no recent systematic studies on day: . :

. . o : 3 Results and discussions
time ground based Na airglow emissions. In this paper we

have demonstrated a technique based on a 1-m scannlr|£1gure la shows the solar Fraunhofer D lines measured

monochromator for ground based measurement of daytim%y the present spectrometer using 100pm slit width and
sodium airglow emissions at 5896and compared it with the 5 A min-1 scan speed. The zoomed in e, which shows
OH alrglow_emlssmns simultaneously measured using thean emission like feature is depicted in Fig. 1b. This feature
unique Multiwavelength Dayglow _Photpmeter(MWDPl\/_l) at is assumed to be that of the Na airglow emission, since it
Trivandrum (77 E, 85N, 0'50. N dip latitude). Alsp in this ._sits near the bottom of the Fraunhofegf Bbsorption line.
study, the role of photochemistry has been considered to inz

vestigate the reason for similar variabilities in the Na and OHFurther, to make sure that this is the Na emission feature,
emisgions the aforementioned method described in Sect. 2 is followed.

The line curve of Fig. 2a, drawn following the procedure
of Sect. 2 depicts the temporal variability of the normal-
2 Experimental details ized intensity of this emission like feature measured at ev-
ery 15min at the position as shown in Fig. 1b. The emis-
A 1-m scanning monochromator (in Czerny-Turner configu- sion intensity has been normalized according its maximum
ration) augmented with a high diffraction efficiency{0%) value. The curve with square symbols of Fig. 2a shows
and high resolution plane holographic grating (groove den-the temporal variability of the normalized intensity of OH
sity 2400 g mnt?, ruled area 102102 mn?), and an effi-  emission at 7318 obtained from the MWDPM. It is ob-
cient reflecting optics is used in this study. Maximum reso-vious from Fig. 2a that these intensity variabilities follow
lution of the system achieved with this grating is ofThe similar trend. To show the degree to which these intensity
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the positions of the feature as shown in Fig. 1b) and OH emissions
Fig. 1. (a) Solar Fraunhofer D lines (5890 and 58%pon a clear  at 7316A. (b) Same as Fig. 2a but on a different day.

day measured by the spectrometer using 100 um slit width and
5Amin—1 scan speedb) Zoomed in Fraunhofer D1 line (589§
which shows the Na airglow emission feature.

ized intensities of Na and OH emissions on four different
days. For Fig. 3a, b and d maximum cross-correlations ob-
variabilities are correlated, cross-correlation analysis is periaineéd are respectively 0.97, 0.87 and 0.78 with zero time lag.
formed. It is found that the intensity variabilities of Fig. 2a Obviously the Na and OH emissions variabilities on these 3

are best correlated (maximum cross-correlation of 0.82) withdays show excellent correlations without any noticeable time
a time lag~3min. Obviously, the intensity variabilities of delay. However, the maximum cross-correlation obtained for

both the emissions of Fig. 2a, which exhibit short-scale fluc-Fig- 3¢ is 0.61 with a time lag-8.5min. Hence, it is clear

tuations, are excellently correlated with slight temporal shift. Tom Fig. 3c that this particular day shows good correlation
Figure 2b also shows this short-scale fluctuations and theiPut with a small time delay. As shown in Fig. 3, Na emission
excellent correlation (maximum cross-correlation 0.79 with €xhibits significant variability within a day and from one day
a delay~7 min) on a different day. Now, it is known that t© another. The short-scale modulations therein indicate the
these short-scale fluctuations, which are indicators of the amPOssible role of dynamics and the chemistry.
bient chemical/dynamical processes of the particular region Further, in order to find out the cause-effect of the day-
of atmosphere~90 km altitude), are always present in the to-day resemblance/disparity more days data have been ana-
temporal variability of the airglow emissions. This clearly lyzed. Presented here in Figs. 4 and 5 are, respectively, the
indicates that the intensities of the feature measured by theariability of the Na and OH emission intensities for 9 days

spectrometer are of Na airglow emissions.

during February 2007. Na emissions on 9th, 14th and 15th

Figure 3a—d, which are presented here to confirm theexhibit typical diurnal characteristics governed by the move-
above observations, depict the comparisons of the normalment of sun relative to the measurement site while on rest

www.ann-geophys.net/28/2071/2010/

Ann. Geophys., 28, 207122010



2074 M. M. Hossain et al.: Daytime sodium airglow emission measurements over Trivandrum

{a) (b)
: : : T : g g : : R i
1pp{ 28022007 ., s SR BH e g 1o 1Ebz2007 . : A PP
: . - . . . Ha =
g L g2 : &
= 0754 . . 0.75 = E 07564 D.TSE
g L E - g
: : 2
2 " g & ~ £
w0504 omyy 0.503 0504 .lhi 0.50
2 g : g g = S : : : c
E I M;x. Crpss- Cprr : Q.ST ‘E g : o ‘- M=, Cross-Corr: 087 g
E o2 T withtime lag ~ 0 min o288 = T 0254 o with time [ag ~ 0min . 0.25°g
z 5 |/ T 2
. . A . . . .
o.ao — T T —T T 0.00 paix] — T —T 7T 0.oa
3 10 11 12 13 14 15 16 17 a 10 1 12 13 14 15 15
Time [IST) Tirme [15T]
(c) (d)
. 0.7 0.5
10004 {1.00 17.04.2007 | ; A o
- s T : )
E g 8 ; ' Joa 8
= 087 075 E Bog, iy E
E = - M Xtix 5
: E R | :
£ = 7 . {o=23
0.75H ns0 2 ' .EH
5 : 5 E 054 M. Cross-Corr 0 078 ) ‘E
E - e E ; g wlthhrne Iag~U rhire 0_2;
T . . . e = ' ' ' ' =
e Mz Crdss-Chrr : 0E1 .
— . . m
0.500 T T ‘eﬂthl tirge I|ag + 8.|5 mfin T T 0.00 0.4 T T T T T oA
10 11 12 12 14 15 16 17 10 11 12 13 14 15

Time [I5T) Tima [I5T]

Fig. 3. (a—d)Comparative plot of the temporal variabilities of the Na and OH emissions on 4 days during February 2007.

of the days the intensities do not exhibit this diurnal varia- For daytime Na airglow emissions, it is well-known that
tion. OH intensities on 9 to 15 February reveal the typical resonant excitation plays the dominant role. On the other
variation of this site, with intensities on 9th, 14th and 15th hand, daytime OH emissions owe only to the photo-chemical
corroborating with that of the Na emissions. In post-noonexcitations. Now it has been found that the daytime Na and
hours of 12th and 13th, variations in the Na and OH intensi-OH emissions variabilities corroborate each other excellently
ties reveal opposite trends, i.e. the former increases while thaot only in some of the above mentioned days but also on
latter decreases. This post-noon hours dissimilar variabilitiesnany other days throughout the years. To be more specific,
on these two days could be linked to the disparity in the emis-we had simultaneous measurements of Na and OH emissions
sion layers height variations for the respective emissions. Ndor about 75 days from February 2007 to November 2009.
emission on 19th shows very large oscillations that are als®Among these days, about 80% days show excellent similari-
seen in the OH emissions. The wavelet analysis of thesdies, about 15% show similar trends and about 5% show dis-
emission intensities reveals the presence of gravity waves a$imilar variabilities. From these observations, it appears that
periodicity ~1.5h as seen in Fig. 6. Since both the emis- photo-chemical excitations are also playing important role
sions originate from the same altitude regime, signatures oin the daytime Na emission variabilities. To investigate the
the gravity waves are expected to be the same for both theeason behind similar variabilities, let us recollect the Chap-
emissions. This is reflected in the observed oscillations ofman chemical scheme for excitation of Na atoms as given
both the emissions. Signatures of gravity waves in the Naby Eqgs. (1-4) in the “Introduction”. On the other hand, day-
and OH airglow emissions have also been reported by mangime OH emissions owe to the following chemical excitations
studies in the past (Molina, 1980; Datarange et al., 1984(Bates and Moiseiwitsch, 1956)

Medeiros et al., 2003). Na emission intensity on 21st, 22nd0+02(+M) — O3(+M) ()
and 23rd exhibits an unusual and fast enhancement at around

11:00 Indian Standard Time (IST). On these days, OH emisH+0z — OH"(v <9)+ 02 (6)
sions also exhibit a sudden increase around the same tim@H*(v <9)— OH+hv (0.5-5um) @)

Obviously, there exist similarities among the variabilities of

these emissions. where %" denotes the vibrational states involved in

the emission processes. Transitions among the same

Ann. Geophys., 28, 2072077, 2010 www.ann-geophys.net/28/2071/2010/
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Fig. 4. Temporal variations in the observed Na emission intensities on the 9 days during February 2007.

OH emission variability
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{a) OH Intensity that the percent depression of the dayglow signal is equal
; : : 0.04 to the percent terrestrial absorption (Burnett et al., 1975).
Hence, this absorption also is likely to introduce a small mea-

154 0.03
| surement error.

& ! 0.02 More studies have been called for to quantify the roles of
3 05 001 0O, O3 and Na concentrations in explaining the temporal evo-
T : ; g lution of the Na emissions. Also the study on the specific
g {b) NaIntensity e R .. N
£ role of the dynamics on the Na emissions over this site is in
o 0.08 progress.

0.06

R 4 Conclusions

0.02

A ground based 1-m scanning monochromator has been used
10 11 12 13 14 15 16 17 . . ..
Time (IST) to measure the daytime Na airglow emissions at 589.6 nm
from Trivandrum, a near-equatorial station in India. The
Fig. 6. Wavelet periodograms ¢&) OH Intensity andb) Na Inten- ~ Na emission intensity exhibits significant variability within
sity, on 19 February 2007. a day and from one day to another. Na emission intensity
has been compared with the daytime OH airglow emission
at 731.6 nm, which is simultaneously measured using the
vibrational-rotational levels of OH radicals according to unique Multiwavelength Dayglow Photometer. On most of
Eg. (7) give rise to the OH emission. It is obvious from the occasions, the temporal variability of the Na and OH
Egs. (5-7) as well as the Chapman scheme of Egs. (1-4gmissions corroborate each other without any appreciable
O and Q play similar role in the excitations of both the Na time delay, although a small time delay up-+d.0min has
and OH emissions. Also, both the emissions originate frombeen observed from time to time. It appears, in this study that
the same altitude region (90 km) that is significantly influ- the daytime Na emission variabilities are influenced too by
enced by the dynamics i.e. waves and tides of lower atmothe photo-chemical excitations. The observed similar vari-
spheric origin. Being originated from the same region, effectabilities in the Na and OH emissions are believed to be due
of the dynamical activity is expected to be same for both theto the similar role played by the [O] andz@in their photo-
emissions. Hence, similar variabilities in these emissions arehemical excitations) and the dynamics occurring at about
believed to be due to the similar role played by the [O] andthe same altitude~90 km). Itis also found in this study that
O3 (in their photo-chemical excitations) and the dynamicsthe dynamics, particularly the gravity waves play important
occurring at the same altitude region. role in producing the short-scale oscillations in these emis-

To consider the errors of measurements involved in theSions.
present technique, let us recollect that the measurement is _
made near the bottom of Fraunhofer Bbsorption line, AcknowledgementsThis quk was supported by Department of
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